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ABSTRACT

Soil physical management involves better understanding of the dynamics of soil

physical properties. The reported field study was conducted in semi-arid central

Tanzania on a continuing five years old tillage trial comprising No-till (NT), shallow

tied ridges (STR), deep tied ridges (DTR) and annually made tied ridges (ADTR) to

study the effect of residual unmanured and manured tied ridges on soil physical and

hydrological properties as well as sorghum grain yield. Land preparation involved

the removal of crop residues from the previous season and a minimum maintenance

of the residual tied ridges. The test crop was sorghum variety Tegemeo. Investigated

parameters included average residual organic matter (OM) content of the

experimental site at different depths. Soil surface roughness before and after field

operations and after every heavy rainstorm. Dry bulk density was determined before

planting, at mid season and at harvest. Cumulative infiltration was determined before

planting and at harvest. Gravimetric moisture content determinations at different

depths were made on weekly basis. There was no significant (P<0.05) difference in

residual OM content among tillage treatments. The results were that tillage

significantly (P<0.05) affected soil surface roughness indices (SSRI) among tillage

treatments (NT, STR and DTR). It was 185% high in the residual tied ridges

compared to the control. Cumulative infiltration was significantly (P<0.05) higher in

NT treatments than in all other six treatments. It was 285.66 mm/hr before planting

and 412.83 mm/hr at harvest. STR, DTR and ADTR had intermediate values.

Weekly gravimetric soil profile moisture content (mm) in 0-50 cm soil layer were

significantly (P<0.05) influenced by treatments throughout the season. It was high in

the residual tied ridges compared to the control. Dry bulk density in the surface layer
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was not significantly (P<0.05) different among treatments. A significant difference in

bulk density was observed between treatments only at harvest and within 30-50 cm-

soil layer. Farmyard manure had no effect on bulk density. Total porosity values

were not significantly different among tillage treatments during the study period.

significantly (P<0.05) higher in DTR. than the other treatments. Sorghum grain yield

was significantly (P<0.05) affected by tillage methods. The annually made tied

ridges had higher grain yield of 2.17 tons/ha than only 0.42 tons/ha in the control.

statistically comparable to the yield from annually made tied ridges. Residual tied

ridges can thus be utilized for up to five seasons. The reduced tillage and ridging cost

as well as the increased sorghum grain yield under the residual tied ridges is likely to

now make the system attractive to farmers in semi-arid areas.

Grain yield of 1.92 tons/ha under residual tied ridges after five seasons was

Percentage seedlings emergence and the number of plants at harvest were
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CHAPTER ONE

1.0 INTRODUCTION

On the basis of agricultural potential, it is estimated that more than 50% of the land

in Tanzania is semi-arid LRDC (1987). The semi arid zones occupy about one third

of the total area of Tanzania, extending between North-East and South-West across

the central part of the country. The areas falling under the semi-arid zone in Tanzania

include Dodoma, Singida. some parts of Arusha, Kilimanjaro, Shinyanga, Mbeya and

Tabora regions. The semi-arid regions in Tanzania are the zones that are prone to

unreliable rainfall ranging from 450-750 mm/year. Taking the case of Hombolo

Dodoma, the area is characterized by low rainfall with high variability in quantity,

duration and onset. Analysis by Ngana (1993) showed that Dodoma has a mono-

modal rainfall which falls between October and May, with a mean annual rainfall of

550 mm. Temperature ranges from 19.6°C to 35°C and the average annual

temperature is 22.7"C. It has a high evapotranspiration of 650 mm due to the high

temperature and wind speed, and fluctuations in relative humidity (84% to 93% early

in the morning to 34% in the hot afternoon). There are also runoff losses during

rainfall events, which are estimated to be as high as 40% (Hatibu et al., 1995).

Due to climatic conditions explained above there have been attempts to optimize

crop yield by planting drought tolerant crops particularly sorghum and millet in

semi-arid areas of Tanzania. Planting of drought tolerant crops has however not

eliminated crop failure due to water stress (Mahoo et al., 1999). Another intervention

that could be used is the application of farmyard manure (FYM). Organic matter of
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different origin has been observed to improve water holding capacity of soils by up

to five times of its own weight (Young, 1976). Other studies conducted in Ghana

reported an increase of soil water holding capacity from 37% to 57% with an

increase of organic matter from 3% to 5%, respectively. Some benefits accrued from

application of FYM were summarised by Kramer and Boyer (1995). They include

formation of stable soil aggregates, supply of plant nutrients, creation of pore spaces,

increased amounts of available waler, increased infiltration rate, and decreased bulk

density. All the above factors enhance plant growth. The potential for application of

FYM to improve crop yields in semi-arid Central Tanzania exists since the resource

is available and it is under-utilised (Mahoo et al., 1996a, b).

Several studies carried out in Dodoma region have shown that ploughing coupled

with tie ridging and application of FYM can increase yield through conservation of

moisture (Hatibu et al., 1995; Swai and Rwehumbiza, 1998; Reuben et al., 1998).

Despite the obvious advantages farmers have not adopted tie-ridging techniques. The

main reason is the fact that land preparation is undertaken before the onset of rains

when soils are dry and therefore too hard to till with a hand hoe (Rwehumbiza et al..

2000). Construction of tied ridges is also a tedious and time consuming task

(Georgis, 2000). As a result, and due to the shortage of draft power and tillage

implements, farmers have developed a less-demanding No-Primary-Tillage (NPT)

practice or kuberega in local language. Kuberega involves superficial scratching of

the soil surface with a hand hoe to suppress weeds before sowing (Rwehumbiza et

al., 2000). The NPT practice suits resource poor farmers since it requires very little

draft power. It has however, low performance in terms of crop yields, mainly due to



3

poor soil water conservation. The latter is caused by high run-off losses of rainfall

that occurs with high intensity especially at the beginning of the season (Hatibu el

al., 1995). Reducing the time and cost spent on constructing tied-ridges by making

make the practice more acceptable to

farmers (Anschutz et al., 1997 and Rwehumbiza et al., 2000). In Hombolo, tied

ridges were established in 1996/97 season and have been under experiment as

residual tied ridges since then.

Work by Hatibu et al. (1995) at Hombolo, on sandy clay loam soils, demonstrated

that tie ridging produce the highest sorghum grain yield as compared to flat tillage

and no till. However, an impact assessment on improvement of the No-Primary

(NPT) 'kuberega' practice of sorghum-livcstock-maize (SLIM) farming systems of

semi-arid Tanzania by Mahoo et al. (1996b) at Hombolo, revealed that most farmers

to the high labour required to construct tied ridges every season. Thus, the reported

study was to evaluate the long term performance of the residual tied ridges and FYM

application on yield of sorghum and this would compliment previous studies and

come up with a suitable package to be applied by farmers in semi-arid area of

Dodoma Tanzania.

In semi-arid areas the primary factor limiting crop production is moisture deficiency.

The amount of rainfall, its frequency and duration are usually erratic (Swai, 1999;

Rwehumbiza et al., 2000). Apart from unfavourable conditions, low crop yield

potential is mainly due to poor tillage practices which are inappropriate for soil water

were reluctant to practice tie ridging system despite its known benefits. This was due

ridges once every four or five years can
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conservation. There is ample evidence indicating that application of FYM increases

soil available water capacity (Tisdale and Oades, 1982; MacLean and More, 1979;

Kramer and Boyer, 1995; Swai, 1999; Rwehumbiza et al., 2000). Studies conducted

in Hombolo, have shown that, the use of tied ridges associated with application of

FYM increased yields through the conservation of moisture (Hatibu et al., 1995;

Swai and Rwehumbiza, 1998; Reuben et al., 1998; Swai, 1999; Rwehumbiza et al.,

2000). However, the high labour requirement and exercise of making tied ridges by

hand hoe, the lack of means of transport to carry FYM to distant crop fields and

limited draft power for land tilling are bottlenecks in the adoption of the practice

(Rwehumbiza et al., 2000).

Tie ridging is economically a desirable practice. There is a need to ensure that it is

done in such a way that a long-term and productive system is created. The goal

should therefore be to develop affordable moisture conservation tillage techniques

that will subsequently alleviate labour bottlenecks and increase crop yields above the

currently low levels obtained in semi-arid areas.

Assessment of long term effects of residual tied ridges with and without FYM

application has not been done at Hombolo. This study will provide information on

changes in soil physical and hydrological properties, and crop yields, when residual

tied ridges with and without farmyard manure are practised on a long-term basis

(more than five seasons).
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Based on this study, a suitable package on the use of residual tied ridges will be

developed and recommended to fanners.

The main objective of this study was therefore to assess residual tied-ridges and

FYM application as soil waler harvesting technique on sorghum grain yields in semi-

arid areas of Hombolo in Dodoma region, in Tanzania.

The specific objectives included the following:

1. To assess the effect of residual tied-ridges on soil moisture storage status.

2. To evaluate residual organic matter (FYM) content at different depths in the

residual tied ridges.

3. To investigate the effects of residual tied-ridges and FYM on establishment and

grain yield of sorghum.
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CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 l ie ridging

ridges al right angles to them in intervals of’ 1-4 in i

Hulugalle, 1987; Malley, 1997). The practice is synony

diking, furrow dumming or blocking by earthcned dikes

a!., 1991). Clark and Jones (1981) and Jones and Stewat

as basin tillage or furrow damming, furrow diking, be

tillage. The diking/tie ridges have a potential for inc.. 

Stewart, 1990; Unger et al., 1991; Hatibu et al., 1995; Swai and Rwehumbiza, 1998;

Swai. 1999: Rwehumbiza et al., 2000 and Mwaliko. 2001).

The lie ridging system is used to trap rainwater and conserves it in the relatively drier

areas, which are flat to gently slopping (Dagg and Macartney, 1968; Perrier, 1987;

Hulugalle, 1990; Jones and Stewart, 1990). Perrier (1987) observed that tied ridges

help to increase yields when surface runoff occurs al a greater rate than infiltration.

Dagg and Macartney (1968) reported that tie ridging increased maize yield in a

moderate rainfall year, but not in years that had either poor or high rainfall. Some

studies have actually indicated yield reduction in years of high rainfall (Dagg and

Macartney, 1968; Hulugalle, 1990; Jones and Stewart, 1990 and Rwehumbiza et al..

2000).

Tie ridging is an engineering practice of constructing e?*’'1' u

i ■

.^.jus“vaonetJ arid
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CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 Tie ridging

Tie ridging is an engineering practice of constructing earth bunds in furrows between

ridges al right angles to them in intervals of 1-4 m (Stewart and Musisck, 1982;

Hulugalle, 1987; Malley, 1997). The practice is synonymously referred to as furrow

diking, furrow dumming or blocking by earthcned dikes formed by tillage (Unger et

al., 1991). Clark and Jones (1981) and Jones and Stewart (1990) named the practice

as basin tillage or furrow damming, furrow diking, basin listing and microbasin

potential for increasing yields (Jones and

Stewart, 1990; Unger et al., 1991; Hatibu et al., 1995; Swai and Rwehumbiza, 1998;

Swai, 1999; Rwehumbiza el al., 2000 and Mwaliko, 2001).

The tic ridging system is used to trap rainwater and conserves it in the relatively drier

areas, which arc (lai to gently slopping (Dagg and Macartney, 1968; Perrier, 1987;

Hulugalle, 1990; Jones and Stewart, 1990). Perrier (1987) observed that tied ridges

help to increase yields when surface runoff occurs al a greater rale than infiltration.

Dagg and Macartney (1968) reported that tie ridging increased maize yield in a

moderate rainfall year, but not in years that had cither poor or high rainfall. Some

studies have actually indicated yield reduction in years of high rainfall (Dagg and

Macartney. 1968; Hulugalle, 1990; Jones and Stewart, 1990 and Rwehumbiza et al..

2000).

tillage. The diking/tie ridges have a
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On a red soil of northern Tanzania, work by Dagg and Macartney (1968) showed

improved water penetration and conservation in the tied ridges compared to either

ridges without tics or the flat cultivation. Perrier (1987) has reported similar yield

improvements of sorghum and millet varieties by the tie ridging practice in loam and

sandy loam soils of Burkina Faso. Hulugalle (1990) has also reviewed the benefits of

the ridging on soil water conservation and its ultimate effect on yield of various

crops in West African Sudan Savannah, while those in the Texas Northern High

Plains on Pullman clay loam by Sow et al., (1996). Jones and Stewart (1990) have

reviewed central Great Plains of USA and Southern Great Plains have been reviewed

by Unger (1994); Unger and Baumhardt (1999) and Thompson (2001). In the Central

Queensland, Australia Radford et al., (1995) and that of Northern Territory and Far

North Queensland, Thiagalingam et al., (1996).

Another review is by Selvaraju et al., (1999) on field experiment conducted at

Coimbatore, India on Alfisols (Chromic Cambisol). Their results showed that, tie

ridging and application of manure (FYM) in combination with inorganic N and P

fertilizers increased the soil water storage and yield of crops compared to traditional

flat bed cultivation in rainfed Alfisol and related soils of semi arid tropics.

An important effect on soil and water conservation on the tied ridges is the capacity

of temporary surface water storage that can reduce runoff and erosion when the

precipitation rate exceeds infiltration rate. Tie ridges conserve soil and water by

providing more time for runoff infiltration (Monteith, 1974 and Unger et al., 1991).

For example, by using the tied ridges on a gently slopping land at Bush land Texas
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slowly permeable Pullman clay loam (Jones and Stewart, 1990).

Tie ridging cultivation may increase rain water infiltration and conservation for

increased crop growth and yield due to the mechanical loosening of the soil on the

ridges (Kayombo, 1992). Dagg and Macartney (1968) reported increased rainfall

infiltration and conservation on black, red and ash soils in the tied ridges in

Tanzania. Hulugalle (1990) found that in West African Alfisols, tie ridging increased

the depth of rooting and subsoil root density for maize, millet and cotton in both dry

and wet years, and in cowpea in dry years. All these reviews have shown the

importance of tie ridging on conservation of both water and soil.

2.2 No-till tied ridging

In the recent years, interest in conservation tillage system has increased in response

to the need to promote waler conservation and at the same time to limit soil erosion.

No till tied ridging has been developed in Zimbabwe as means of overcoming high

labour and draft power required in the making of ridges and ties. In this method, land

is ploughed so that the ridges and ties can be built in the first year. In the subsequent

years, the land is not ploughed; ridges and ties are maintained at proper size and

shape (Elwell and Norton, 1988). Studies from various experimental stations in

Zimbabwe have shown that the system is effective in water storage in the most of the

farmers managed trials and it has been widely adopted (Nyamudeza et al., 1993).

USA, all water from a 150 mm rain during a 24 hours period was retained on the
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2.3 Soil moisture

Conserving soil moisture in the soil profile is very important for crop production

(Mwaliko, 2001). Apart from rains, there are other factors, which affect soil moisture

storage, and these include evaporation rate, tillage and soil depth. Gill et al., (1977)

observed that the initial high rate of evaporation from untillcd soils tends to decline

sharply after a few days under high evaporation rate while it continues at a steady

rate for a much longer period under low evaporation. Different tillage systems have

been reported to influence soil moisture differently. For example, Lyle and Dixon

(1977) found that tie ridging offered a promising solution to soil moisture

conservation for cotton in Israel. The improvement was attributed to the presence of

adequate soil moisture trapped within the ridges.

Goss et al., (1978) made a study on effects of cultivation on soil water retention and

water use by cereals in clay soils. They observed that gravimetric field soil moisture

results for a comparatively wet growing season and dry season was that ploughed

soil could retain more soil moisture during wet season, than during the dry season.

Thus soil moisture content in relation to soil depth may increase due to different

reasons as reviewed by Aujilla and Chccma (1983).

2.3.1 Soil moisture and rainfall

The primary factor limiting crop production in semi-arid areas is moisture deficiency

(Webster and Wilson, 1980). Rainfall is the major factor influencing crop and

livestock production but apart from being low in amount, it also falls at high
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intensity, which causes substantial runoff (Hatibu et al., 1995). Both rainfall

frequency and duration are usually erratic (Mahoo et al., 1996a, b).

Crop production in a semi-arid region is dependent on both rainfall and stored water.

Among other factors, rainfall is one of the major constraints in agricultural

production. The problem of semi-arid areas as regards to rainfall for agriculture is

both quantity, distribution and reliability. There is high fluctuation of monthly

rainfall from the mean with high variation at the beginning and end of the season

(Ngana, 1991). Thus, this results into low availability of soil moisture (Hatibu et al..

1995). Apart from unfavourable conditions, low crop yields potential arc mainly due

to poor tillage practices that are inappropriate for soil water conservation. Sorghum is

the most important crop in smallholder farming systems in the semi-arid region of

Dodoma (Hella, et al., 1998). In examining several problems that limit productivity

of the crop, Hella, et al., (1998) reported the order of problems with the priority

given by the respondents. The weather problems ranked high (40%) as compared to

other problems- market unavailability for the produce (18%), lack of capital and

equipment (16%), insect pests (9%), unavailability of inputs (6%), disease problems

(3%), and labour problems (3%). There is a need therefore for efficient utilization

and management of soil water.

2.4 Soil water conservation

Conservation of rain water/rainfall as soil water is one of the most important soil

management aspects (Cook, 1962). When rainfall infiltrates and is stored in the soil,

it increases the amount of water available to crops for their growth and development
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and it preserves soil productivity by preventing soil degradation by erosion (Lal,

1989). Use of tied ridges is one of the engineering methods with considerable

ridges. The method has been tested in Tanzania (Dagg and Macarteney, 1968;

Halibu, et al., 1995; Swai and Rwchumbiza, 1998; Swai, 1999; Rwehumbiza et al.,

2000 and Mwaliko, 2001). West African Sudan Savannah (Hulugalle, 1990), the

semi arid tropics of Burkina Faso (Perrier, 1987) and in the Central Great Plains of

the USA (Jones and Stewart, 1990 and Unger and Baumhardt, 1999).

2.5 Soil water management aspects related to tillage

Tillage and soil surface management play crucial roles in the management of water

environmental quality (Lal, 1993). Some soil water management aspects include

water harvesting with ridge tillage (Lal, 1993). Rainwater harvesting for crop

production has been seen as promising and generally appropriate way of upgrading

rainfed agriculture in the semi-arid tropics. This is due to the fact that rainwater

harvesting is aimed at managing rain water from the moment it falls and ensuring

that most of it is used productively before it is returned to the atmosphere by

evaporation (Hatibu, 2000). However, tillage techniques differ depending on soil

physical properties and antecedent soil condition.

resources and alleviating water related constraints to agricultural production and

success. The method has been developed from the modification of locally used
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2.6 Organic matter and soil water management

Apart Prom moisture, organic matter is of beneficial role in tropical agroecological

systems than any other soil characteristics (Young, 1976). The amount of soil

organic matter (SOM) in most semi-arid dryland soils is relatively low, ranging from

0.5 to .3% and typically less than 1%. The influence of SOM on soil properties is of

major significance (Smith and Elliot, 1990). Literature shows that SOM content is

usually estimated from analysis of soil organic carbon content because the latter can

be determined more precisely (EUROCONSULT, 1989; Landon, 1991; Brady and

Weil, 1996; Brady, 2000; and Moberg, 2000). The organic carbon contents of

subsurface horizons are generally much lower than those of the surface soils (Brady

and Weil, 1996; Brady, 2000). Thus most of the organic matter is found in the upper

soil horizons.

There is a body of evidence indicating that manuring increases the available water

range (Tisdale and Oadcs, 1982; MacLcan and More, 1979; Kramer and Boyer,

1995; Swai, 1999; and Rwehumbiza et al., 2000). Clay-humus complexes are good

protection against wind and water erosion, they promote permeability and improve

water storage (Young, 1976; Sanchez, 1976 and Lal, 1979). The continued

application of manure modifies, in addition to supply of plant nutrients, soil physical

properties (Biswas el al., 1970). There is adequate information that quantifies the

beneficial effect of long-term manure application on the physical properties of

several soils (Sanchez, 1976). Several studies have shown that long term manuring

increased available water range, aggregate stability, infiltration rate, pore space and
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decreased bulk density (Biswas et al., 1970; Tisdale and Oades, 1982; Kramer and

Boyer. 1995).

Biswas and Khosla (1971) reported the increase of water content in soils under

different soil conditions in which the increase from 28 to 37%, 29 to 31%, 21 to

23%, were observed in soils which received FYM of 74, 45 and 9 tons/ha

respectively. In semi arid areas of Tanzania the recommended rates for FYM have

not been established due to the variation in the composition and quality of the FYM

from different places. Application rates ranging from 10 to 15 tons FMY/ha have

been suggested. Higher rates 25-50 tons/ha have also been applied without any

injurious effects to crops (Scaife, 1971). Intensive tillage systems, fallowing and low

crop productivity combined with physical soil loss by erosion decrease the organic

matter content over time (Tisdale et al., 1993; Ayanaba et al., 1976). This shows that

SOM transformations are very dynamic. An understanding of organic matter

dynamics is a subject of considerable and continuing interest (Greenland et al.,

1992). The information on the residual effect of FYM on residual tie ridges in semi-

arid areas therefore needs investigation.

2.7 Effect of tillage on physical and hydrological soil parameters

Tillage is defined as the mechanical manipulation of the soil aimed at improving soil

mechanical force that is applied to the soil tends to modify the state and behavioral

properties of the soil. Tillage operations affect physical as well as hydrological

properties of the soil. This is through loosening the soil, compaction, crushing

conditions affecting crop production (Hillel, 1980). In all tillage operations, a
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shattering and inverting the soil (Lal, 1979; Adcoye, 1982; Cassel and Nelson, 1985;

Kayombo, 1986; Griffith et al., 1986; Benjamin et al., 1990; Arora et al., 1990; Aina

et al., 1991; Crcsswcll et al., 1991; Datiri and Lowery, 1991). Different parameters

such as dry bulk density, soil strength, particle size distribution, surface roughness,

water content, infiltration and soil porosity have been used to describe the different

tillage induced soil conditions (Larson, 1964; Malik, et al., 1985).

2.7.1 Effect of tillage on bulk density

A number of scientists have investigated on the effect of tillage on bulk density

(Adcoye, 1982; Cassel and Nelson, 1985; Kayombo, 1986; Agcnbag and Marco,

1991 and Cresswell et al., 1991). It was observed in all these studies that bulk

density of the soil increased with depth depending on the degree of pressure exerted

by different tillage systems. Most tillage operations when performed decrease soil

bulk density within the disturbed zone. However bulk density varies temporarily and

spatially (Allmaras et al., 1966; Landon, 1991). This may be due to organic matter

level, root penetration and soil structure (Landon, 1991). Other causes of variation in

bulk density include the undisturbed zone within the soil, compaction and

reconsolidation due to subsequent tillage operations. Also break down of unstable

soil aggregates due to rain drops impact (Macartney et al., 1971; Willcocks, 1981;

Swai and Rwehumbiza, 1998; Swai, 1999; Rwehumbiza et al., 2000 and Mwaliko,

2001).
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2.7.2 Effect of tillage on soil structure and aggregation

arrangement of soil particles (Hillel,

1980; Brady and Weil, 1996; Brady, 2000). It describes the gross, overall

combination or arrangement of the primary soil separates into secondary groupings

called aggregates or peds (Brady and Weil, 1996; Brady, 2000). Soil structure is

strongly affected by changes in climate, biological activity and soil management

practices, and it is vulnerable to destructive forces of a mechanical and physical

chemical nature (Hillel, 1980). Soil structure determines the total porosity as well as

the shape of individual pores and their size distribution. Hence soil structure affects

the retention and transmission of fluids in the soil, including innitration and aeration

(Hillel, 1980). Moreover, as soil structure influences the mechanical properties of the

soil it may affect germination, root growth, tillage, overland traffic and aeration.

Griffith el al, (1986) studied the effect of different tillage operations on soil structure

in India and USA, and found that after 5 years of maize cropping the soil aggregate

stability was increased in reduced tillage with the highest increase in the no till

system. Since soil structure is among the primary aims of tillage; its management is

crucial and therefore all advantages accrued from soil structure improvement are of

benefit to crop growth and development.

2.7.3 Effect of tillage on soil strength

Soil strength is a measure of the capacity of a soil to withstand stresses without

giving way to those stresses by collapsing or becoming deformed (Brady and Weil,

1996; Brady, 2000). Tillage loosens the soil and reduces the soil strength. Reduced

soil strength means that plant roots face less resistance to penetration into the soil.

The term structure relates to the grouping or
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On the other hand compaction increases soil strength which restricts root growth

(Macartney cl al., 1971; Willcocks, 1981). Increase in soil strength in compacted

soils has been associated with bulk density (Mwaliko, 2001). According to Williams

and Shaykewich (1971) bulk density has some functions on tension and its resultant

influence on tension is superimposed on the tension-strength relationship. Taylor and

Gardner (1963) found an increase in soil strength as bulk density increased. The bulk

density soil strength relationship has influence on root penetration. Taylor and

Gardner (1963) reported a decrease in root penetration by 30% in a soil with a bulk

density of 1.55 g/cm3 and a 70% decrease in root penetration in a soil with a bulk

density of 1.75 g/cm3.

2.7.4 The effect of tillage on pore size distribution

Pore size distribution as defined by Brady (1996) is the volume of the various sizes

of pores in a soil. It is expressed as percentages of the bulk volume (soil plus pore

space). Brady (1996) also defines soil porosity, as the volume percentage of the total

soil bulk not occupied by solid particles.

Tillage systems modify the size of the soil pore system and its continuity (Adeoye,

1982; Datiri and Lowery, 1981; Unger and Cassel, 1991). Pore size distribution is

dynamic and depends on the ability of the soil aggregate to withstand pressure

exerted by different tillage systems and raindrop impact (Adeoye, 1982). Unger and

Cassel (1991) reported variations in pore sizes and pore size distribution between no­

till and conventional tillage. The no-till plots had a smooth surface with small pores

while fields cultivated with the moldboard plough and disc plough created rough
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surfaces with large surface macropores which increased infiltration significantly at

the beginning of the rain season.

2.7.5 Effect of tillage on moisture conservation

Tillage is usually defined as the mechanical manipulation of the soil aimed at

improving soil conditions affecting crop production (Hillel, 1980). Ploughing has

effects on the dynamic of surface water, depending on experimental conditions,

period of investigation and topographical features (slope, soil depth) the effect may

be either to increase the rate of soil degradation (runoff and erosion) or, in contrast,

to improve crop production by improving the utilization of rainfall. Storage of water

in the surface layer is increased by ploughing and this has particular benefits in areas

with erratic rainfall patterns (Blevins et al., 1971).

2.7.6 The effect of tillage on soil water availability and retention

Besides soil physical properties such as pore size distribution, soil texture and

compaction, tillage methods too, affects soil water retention (Swai, 1991). Lal (1985)

observed that water retention at -0.01 MPa matric potential increased from 14.7 to

17.5% in the no tillage water shed after six years of continued mechanized farming,

whereas it decreased from 17.7 to 13.8% in the ploughed watershed, at 0-10 cm

depth. The same study also showed that available water capacity (AWC) expressed

as the difference between moisture retention at -0.01 MPa and at -1.5 MPa increased

from 9.3 to 17.3% under no till and 9.6 to 16.2% under ploughing. The increase in

available water capacity with cultivation was due to change of transmission to
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retention size pores. Soil water retention and available water capacity may also be

affected by naturally compacted soils (Swai, 1999). For instance, in semi-arid areas

of West Africa, water content in the soil surface ranged from 8 to 15% at -0.03 MPa

and from 2 to 7% at -1.5 MPa (Perrier, 1987). Tollner et al., (1984) work on

influence of conventional and

southern Piedmont of USA showed that, the surface soil (at 30 cm) in the

conventional tillage plots held more water than no till at the suction of 80 kPa or less.

At suction of 300 kPa and more, there were no differences between treatments.

2.7.7 Effect of tillage on total porosity

The alteration of soil pore volume and pore size and their distribution by soil

cultivation has an important effect on soil aeration, infiltration and soil moisture

retention (Mwaliko, 2001). Van Ouwcrkcrk and Boone (1970) suggested that it is the

alteration of pore size distribution during tillage that caused loss of large pores and a

predominance of small pores that influence moisture retention. Some tropical soils

al., 1976). Low total porosity is aggravated by among other factors, poor soil

management (Casagrande et al., 1975). Studies by Van Wambeke, (1974) observed

that alterations of structure cause a change in pore size distribution. Khan and Datta

(1984) observed higher porosity values in recently tilled plots. Where porosity is

limiting, tillage also decreases mechanical resistance to root penetration and roots

develop more quickly and more deeply (Swai, 1999).

are naturally compact and have low total porosity (Honisch, 1974 and Parthasarthy et

no till practice on soil physical properties in the
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2.7.8 Effect of tillage on infiltration rate

Infiltration rate is a soil characteristic describing the maximum rate at which water

can enter the soil under specified conditions, including the presence of an excess of

water (Brady and Weil, 1996; Brady, 2000). Measurement of infiltration rate is

essential in studies related to hydrology, waler conservation, runoff and erosion and

irrigation (Ghiklyal and Tripalhi, 1987). Nicou and Chopart, (1979) evaluated the

effect of four tillage methods, that is tine tillage, ploughing, tied ridging and ridging,

on soil water balance and crop yield in a field study. They reported that ridging and

tied ridging tillage methods maintained high infiltration rate, which in tum ensured

high moisture supply throughout the growing season. In contrast Hulugalle, (1988)

observed that cumulative infiltration determined for two hours was greater with flat

cultivation than tied ridging. He attributed this to the relatively high clay content in

the soil surface (0.05 m) with tie ridging than flat cultivation.

Therefore planning for water and conservation activities require accurate information

factor governing infiltration is the time available for infiltration to occur (Ghildyal

and Tripathi, 1987). Soil management that modifies physical properties and

practices, which slow down the movement of water significantly affect infiltration

rate (Swai, 1999). Management practices that affect the time water can be retained on

the land surface will also inevitably affect infiltration rate. A study by Meickle

(1972) revealed that tied ridging technique is very effective in improving infiltration

and moisture storage in the soil. Tied ridging is also known to significantly reduce

soil loss and runoff (Prestt, 1986).

on the rale at which waler enters the soil under different soil conditions. The main
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2.7.9 Surface roughness

Allmaras et al., (1967) defined surface roughness as the surface configuration of the

soil caused by the randomly oriented arrangement of soil clods in the field. Linden

and Van Doren, (1986) further defined surface roughness

configuration of the soil as a result of equipment traffic and the orientation of the soil

clods that are broken, lifted, shattered and resettled during tillage. Soil surface

roughness is closely related to surface depression storage capacity (Monteith, 1974

and Onstad, 1984). Rough soil surface has proved to store more water in surface

depression than smooth soil surface (Zobeck and Onstad, 1987).

after primary cultivation. The type of implement used and the soil conditions at the

time of tillage have a large influence on the resulting configuration.

2.7.9.1 Influence of tillage on depression storage

Gayle and Skaggs (1978) defined depression storage as a means by which ponded

water from rainfall is kept on the surface and allowed to infiltrate when the rainfall

rate falls. There are two types of surface storage, micro storage and macro storage

(Gayle and Skaggs, 1978). Micro storage is defined, as storage in very small pockets

while macro storage is storage in large depression basins caused by surface

roughness or topographic undulating of the land surface such as that created by

tillage. Depression storage is closely related to surface roughness (Monteith, 1974;

Onstad, 1984).

Soil surface roughness undergoes small-scale changes during the growing season

as the surface
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Romkens and Wang (1986) reported that soil surface roughness control runoff and

soil erosion, improves infiltration (Zobcck and Onstad, 1987) and decreases

evaporation rate (Linden, 1982). Monteith, (1974) found that large surface

depressions retain water in excess of infiltration from short duration storms. This was

seen to reduce runoff that could have led to high losses of soil moisture. Tillage

action increases micro relief or minor undulations and irregularities with differences

in height between crest and trough on the land surface and these may affect

depression storage (Mwaliko, 2001). These rough soil surfaces have proved to store

more water in surface depression than smooth soils surface (Zobeck and Onstad,

1987). Usually depression storage decreases with decreasing surface roughness and

increasing slope of the land (Swai, 1999).

The effect of tillage system and row direction on depression storage was investigated

by Mahamoud et al., (1990) and their findings indicated that mean depression

storage of contoured plots was significantly greater than depression storage of up and

down slope plots. Other factors that influence depression storage include variation in

residue cover on the soil surface, initial moisture content and slope of the land (Swai,

1999).

2.7.9.2 Depression storage measurement from soil micro relief data

Several researchers (Seginer, 1971; Monteith, 1974; Michell and Jones, 1976, 1978,

Gayle and Skaggs, 1978; Huggins and Monke, 1978; Linden, 1986; Moore at al.,

1980; Onstad, 1984) have used microrelief data measured using microrelief meters in

estimating depression storage on flat cultivated land. Swai and Rwehumbiza (1998),
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Swai (1999) and Mwaliko (2001) through the models developed estimated

depression storage on tied ridges. These models use complex computer algorithms to

stimulate the rate at which waler accumulates at the surface during rainfall event.

Kuipers (1957) was the first person to develop the index concept to quantify soil

roughness, he defined the roughness by the Index R(k) as:

R(k) = 100 x logioS.

Where, S = Standard deviation of the elevations in centimetres.

Mitchell and Jones (1978) and Onslad (1984) further used regression analysis to

develop simpler relationships for estimating depressional storage from easily

measured parameters. They used microrelief meter data to obtain depth storage value

surface as presented by Mitchell and Jones model below;

Where, Sr = Surface depressional storage (cm)

i,j = row and columns of point measurement respectively

Hr = reference height (cm) and

Ha = point measurement (cm)

Onstad model is presented as:

Ds = 1.112Rr + 0.03 lRr2- 0.012RrS

Where, Ds = maximum depression storage (cm)

Rr = random roughness (cm)

S = slope steepness (%)

II III

Sr = X'E(Hr~Ha^ 
1=1 y=l

on the assumption that each point measurement was centre of a 2.5 cm square level
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It can be observed from the literature reviewed above that tillage cause changes in

physical and hydrological properties. The changes can lead to significant variations

in soil water that consequently affect crop yields.

This study assessed the performance and therefore the possibilities of continued use

of the residual tied ridges with and without FYM applied at the establishment of the

experiment five years ago.

2.8 Effect of tillage and physical factors influencing plant growth

In dryland areas there are long intervals between rain events and these affect

germination and emergency of sown seeds (Mwaliko, 2001). This reduces plant

population and restricts early growth

Decrease in depression storage and roughness encourage moisture stress (Swai,

1999). It has also been observed that as moisture stress increases in the soil, cell

enlargement virtually cease and the rate of cell division is markedly reduced causing

slow down in the expansion of the leaf area and growth rate (Kramer and Boyer,

1995). Many studies have reported several soil moisture conservation techniques in

semi-arid areas (Makungu, 1991). Residual tied ridges are an example of an effective

and low cost moisture conservation measure (Mwaliko, 2001).

Therefore information on changes in physical and hydrological soil factors of the

residual tied ridges with time is required before full scale promotion is undertaken in

semi-arid areas of Dodoma, Tanzania.

as observed by Aujilla and Cheema (1983).
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2.9 Effect of tillage on soil moisture and crop yield

Spomer and Hjelmfelt (1984) noted that the influence of crop stress due to

inadequate soil moisture in the semi-arid tropics has an adverse effect on crop yield.

This is due to the fact that crop growth is dependent on an adequate supply of

moisture throughout the growing season as well as other factors such as soil fertility.

Most reported yield increases with conservation tillage systems have been attributed

to increases in soil moisture (Blevins et al., 1971). Conservation tillage system

increases soil moisture by improving soil hydrological properties such as profile

water recharge by increasing water infiltration and transmission. The use of tied

ridges established before sowing or later in the season, has resulted in large yield

increase on the semi-arid tropics of Africa (Perrier, 1987). Yield increases has been

attributed due to decrease in runoff and consequently increase in soil water storage

(Perriera et al., 1967). Other findings, indicate that seasonal furrow has effect on soil

water storage such that it resulted in higher wheat and sorghum yields (Allen et al.,

1980). Clark and Jones (1981) observed that water conserved by tied ridging system

increased sorghum grain yield by 14% from 1420 to 1650 kg/ha. Increased soil water

content and crop yields due to tied ridging were also reported from Botswana by

ODA (1980). Tied ridges resulted in more water in the soil throughout the growing

season than open furrow and increased sorghum yield from 550 to 800 kg/ha.

Water stress and low soil fertility arc the bottlenecks to successful crop production in

the dryland areas (Georgis, 2000 and Georgis and Tekele, 2000). In their research

activities in semi arid areas of Ethiopia, Georgis and Tekele (2000) observed tied

ridges to be efficient in storing the rain water, leading to substantial increase in grain
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yield of major dryland crops like sorghum, maize, wheat, and mung bean. Grain

yield under tic ridges was 50% higher than that of flat planting and other tillage

methods. Georgis and Tekele, (2000) concluded that tie ridging is the most effective

tillage method recommended for conserving soil and moisture and for maintaining

good crop yields in drought prone areas.
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CHAPTER THREE

3.0 MATERIALS AND METHODS

3.1 Location, Soil, Weather and Vegetation

3.1.1 Location

The research work was conducted al Hombolo Agricultural Research Institute (ARI)

of the Ministry of Agriculture and Food Security, in Dodoma. Hombolo is located

about 58 km North-East of Dodoma Municipality at 05°45’S latitude, 35°57’E

longitude and 1020 m above sea level (Fig. la and lb).

3.1.2 Soil of Hombolo Experimental Site

The soils of experimental site, are fairly uniform, based on colour and texture

representative soil profile is given in

Appendix 1. The soil has been classified by Mahoo and Kaaya (1993) as Typic

Ustorlhenl in the US Soil Taxonomy and as Dyslric Regosol in the FAO (1977) and

FAO-UNESCO (1974) system.

(Hatibu et al., 1995). A description of a
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Figure la: Location of Hombolo Research Station
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Figure lb: Location of experimental site in Hombolo Bwawani
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3.1.3 Weather and Climate

Meteorological parameters are based on the data from the Hombolo

Agromcteorological Station located at Hombolo Research Station (Figure lb).

3.1.3.1 Rainfall

The average annual precipitation in Hombolo is 589 mm. The movement of the Inter

Tropical Convergence Zone (ITCZ) between the northern and the southern

hemispheres influences the general rainfall pattern in the study area. The year may be

divided into two distinct seasons. A dry season lasts between May and November

and a rainy season from December to March.

Analysis of rainfall characteristics and their relevance to agricultural planning in

semi arid central Tanzania by Ngana (1993) showed that Dodoma has a mono-modal

rainfall which falls between October and May, it has a mean annual rainfall of 550

Table 1. Overall annual average rainfall for 18 years (1982-2000) was 637 mm and

rainfall at Hombolo meteorological station for the season 2001/02 is shown in Table

2.

3.1.3.2 Temperature

Temperature ranges from 19.6°C to 35°C and the average annual temperature is

22.7°C. It has a high annual evapotranspiration of 650 mm due to the high

mm. Mean monthly rainfall distribution at Hombolo from 1982-2000 is shown in
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temperature and wind speed and fluctuations in relative humidity (84% to 93% early

in the morning) but in the hot afternoon, average relative humidity is 34%.

3.1.4 Vegetation

The experimental plots were located on a piece of land that has been under intensive

cultivation for the past five years before 2001/02 cropping season. The native

vegetation in the surrounding area consists of scattered Adansonia digitata (baobab

trees) and Hyperrhenia acacia bush with grassland. Other indigenous grass types

which colonise the surrounding land are such as Tricodesma zeylanicum (late weedj.

Borhavia diffusa (Tar vine), Chrolis gayana (Rhodes grass) and Cynodon dactylon

(Star grass).

Table 1: Average monthly Rainfall at Hombolo Meteorological Station for the

period 1982-2000.

Rainfall (mm) 
0 
0 
0 
4 
44 
129 
155 
125 
127 
65 
9 
0

Month 
July 
August 
September 
October 
November 
December 
January 
February 
March 
April 
May 
June____
Source: Hombolo Agrometerological Station. (2002).
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Table 2: Rainfall at Hombolo Meteorological Station for the season 2001/02.

3.2 Experimental design and tillage treatments

3.2.1 Experimental design

The study was conducted on the on-going experiment. The experimental design

applied was Randomized Complete Block Design (CRBD). The field experiment was

designed (i) to assess the effects of tillage regime, tillage depth, tie-ridging, and

farmyard manure application on sorghum growth and yields during the 2001/02

cropping season, and (ii) to assess the residual effects of tie-ridging and FYM

application on sorghum yields.

Month 
July 
'August 
September 
October 
November 
December 
January 
February 
March 
April 
May 

June ___
Source: Hombolo Agromelerological Station (2002).

Rainfall (mm) 
0 
0 
0 
() 
0 
53.3 
143.1 
39.4 
160.9 
27.2 
0 
0
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3.2.2 Tillage treatments

Seven treatments comprising different water conservation techniques (tillage

practices) and FYM were arranged in CRBD with three replications. These werc:-

Treatment 1: NPT: No Primary Tillage with no FYM.

It is a current practice by many farmers and this served as a control.

Treatment 2: NPT+F: No Primary Tillage with 30 t/ha of FYM.

Is an improvement of treatment 1. It is practised by many fanners on small plots

located near livestock bomas because of the ease of transporting FYM. The manure

is just spread on the field before planting and no attempt is made to incorporate it

into the soil.

Treatment 3: STR: Shallow depth of tillage with tie ridging without FYM.

Is the first step towards high soil-surface management. It involves the making of tie­

ridges at the beginning of the experiment after shallow tillage with hand hoe. Initially

(1996/97) the field was dug to a depth of 10 cm using a traditional hand hoe, the

ridges were made at 0.75 m apart and tied at 1.5 m intervals which produced a series

of basins.

Treatment 4: DTR: Deep depth of tillage with tie ridging without FYM.

Is similar to treatment 3 except that the ridges were made following deep tillage with

using a tractor. The ridges were made at Im apart and tied at 1.5 m intervals.

Treatment 5: STR+F; Shallow depth of tillage with tie ridging and 30 t/ha FYM.

Is similar to treatment 3 except that 30 t/ha of FYM was applied before making the

ridges.

a tractor-drawn plough. Initially (1996/97) the field was dug to a depth of 20 cm
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Treatment 6: DTR+F: Deep depth of tillage with tie-ridging and 30t/ha FYM.

Is the best of what can be achieved by farmers. It involves one deep tillage at the

beginning of the experiment, application of FYM al 30 t/ha followed by formation of

ridges.

Treatment 7: ADTR+F: Same as in (4) above except that it is ploughed

annually.

Is similar to treatment 6 except that it is ploughed annually.

During the second, third, fourth, and fifth seasons, land preparation was limited to

the removal of weeds without ploughing except in treatment 7 which was ploughed

annually. The size of each plot was 20 m by 10 m (200 m2) (as was measured during

experiment establishment). The lest crop was sorghum variety Tegenieo. Five seeds

practice) and in shallow tied ridges. Deep tied ridges both with and without FYM

were planted al a spacing of Im by 0.3 m.

3.3 Land preparation, planting and thinning

op residues, grasses and weedsThis involved the collection, rer"''"

grown with sorghum varietyfrom the field which previous

in between plots. The previousTegenieo since 1996/97 season ai

tied ridges (residual tied ridges) both shallow and deep ones were maintained to their

original shape without altering their dimensions. The absolute control plots (no-till)

which are analogy of the local practice (kuberega) were prepared in the same way as

were planted per hill by dibbling at a spacing of 0.75 m by 0.4 m for no till (local



34

what fanners normally do every year. The experimental field was prepared using a

hand hoe and it was done on 26 November, 2001.

Planting was done on 6 December, 2001. Five seeds were planted per hill by dibbling

at a spacing of 0.75 m by 0.4 m for no till (local practice) and in shallow tied ridges

while the deep tied ridges were planted at a spacing of Im by 0.3 m. Thinning to two

seedlings per hill was done five weeks after emergence giving a plant population of

66,667 plants/ha. The delay in thinning was due to the dry spell, which persisted for

almost two weeks after emergence.

3.4 Management of the Experimental plots

The crop was weeded three times, 17 DAP, (for replanting due to seeds germination

failure at the first planting), 50 DAP and 85 DAP. As in the previous years, weeding

was done using a hand hoe. The study was on residual tied ridges, so no inorganic

fertilizer or manure was applied during the 2001/02 cropping season. This was done

purposely to reflect farmers practice in the study area as most of them do not apply

inorganic fertilizer or manure.

Peasant farmers in this area have too low purchasing power to afford the high cost of

inorganic fertilizer. Incase of manure, its supply is limited. The large amount of

manure needed and the lack of means of transport to the farms are bottlenecks in the

in height, it was infested by stalk borer

(Bussuela fused). The insecticide thionex (1.5 litre/ha) was applied using knapsack

sprayer as a control measure.

use of FYM. When the crop was 60 cm
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3.5 Determination of hydrological properties of soil

3.5.1 Determination of Soil Moisture

Determinations of soil moisture were carried out at weekly intervals after planting al

three depths: 0-10 cm, 20-30 cm, and 30-50 cm until to harvesting. Samples for soil

moisture determination were taken from each plot using a soil auger, then placed in

aluminium cans and immediately sealed before being taken to the laboratory. Soil

samples were weighed, oven dried at 105°C for 24 hours, then cooled in the

dessicator and reweighed. Gravimetric moisture content was calculated as the ratio of

the water loss on drying to the oven dry mass (Kamara et al., 1992; Saka and Haque,

1993) as shown in equation 3.1 below,

(3.1)0g = (Ww-Wo)ZWo

where: 0g = the gravimetric water content on dry weight basis, g/g.

Ww = the weight of wet soils, g.

Wo = the weight of dry soils, g.

The gravimetric moisture content was converted to volumetric moisture content by

multiplying respective values with appropriate bulk density of the respective soil

layer as expressed in equation 3.2 below,

(3.2)0v = 0g x Bd/dw

Where: Ov = Volumetric moisture content, cm3/cm3.

Og = Gravimetric moisture content, g/g.

Bd = Soil bulk density, g/cm3.

dw = Density of water assumed to be 1.00 g/cm3.
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The profile water content for each treatment was calculated by the summation of the

follows in equation 3.3 below,

0p = Z(0v x L) (3.3)

Where: 0p = profile water content.

0v = volumetric water content, cm3/cm3.

L = thickness of soil layer, cm.

3.5.2 Soil Infiltration Measurement

Measurements of cumulative infiltration in all treatments were conducted prior to the

rains, and after harvest. The double ring infiltrometer method (Klute, 1986; Saka and

Haque, 1993) was used. This consists of an inner ring, with 27.8 cm diameter

surrounded by an outer ring with 54.5 cm diameter. Both rings were 35 cm high and

operation was done with utmost care to prevent disturbance of the soil.

3.5.3 Measurement of Surface Roughness

Measurement of surface roughness was done using a micro relief meter (Plate 1).

The micro relief meter used in this study was similar to the one used by Kuipers

(1957). The main features of the instrument are as illustrated in Plate 1. It consists of

a 130 cm by 90 cm main frame of aluminium bars. Across the middle of the frame is

down. Each is fitted with a small foot to prevent it from penetration in the soil. In

a rods locking string. The string is designed to hold 23 rods, which slides up and

product between volumetric water content for each layer and respective depth as

were driven into the soil to a depth of 15 cm by using a sledgehammer. This
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measuring micro relief, the whole device was placed horizontally perpendicular to

the crop rows with the rods locked up. The instrument was leveled by means of a

spirit level and adjusting the support pins. The rods were then allowed to slide down

until their feet touched the surface. Once all rods had touched the ground the rods

were then locked in that position. The height of each rod above the top of the frame

was measured with a ruler. Then the rods were pulled up again, locked and the meter

moved to the next measuring position.

The measurement was done immediately after land preparation and subsequent

measurements were done before and after weeding and after every big rainstorm. The

surface roughness was determined as the standard deviation of the pin height

measurements. The data was then fitted to the Kuiper’s (1957) equation and there

after analysis of variance was used to compare the differences in random roughness

caused by different tillage treatment.
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Plate 1: Microrelief meter
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3.6 Determination of some physical and chemical properties of soil

3.6.1 Bulk density and total porosity determination

The bulk density determination was done in three occasions using metallic cores

(Blake and Hartage, 1986). Samples were taken before land preparation, at mid­

season and at harvest. These undisturbed soil samples were taken in each plot at

depth of 0-10 cm, 20-30 cm and 30-50 cm using sampling cores. The samples were

oven dried at 105°C for 48 hours and cooled in a dessicator then weighed. Bulk

density was then calculated as the ratio of the dry mass of the soil to the core volume.

Total porosity was calculated from the relationship between bulk density and particle

density of 2.65 g/cm3 using the equation 3.4 below,

(3.4)TP = (1-Bd/Pd) x 100

Where: TP = Total porosity, %.

Bd = Bulk density, Mg m'3.

Pd = Particle density, Mg m'3.

3.6.2 Organic matter determination

Composite soil samples for organic matter determination as described by Nelson and

Sommers (1982) were collected at harvesting time (June 2002). Samples for

laboratory analysis were taken at 0-10 cm, 20-30 cm and 30-50 cm depth from each

plot. Soil organic matter was obtained by multiplying the percentage organic carbon

by a factor of 100/58 as described by Nelson and Sommers, (1982).
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3.6.3 Soil sampling for routine analysis

Soil composite samples were collected from each treatment before land preparation

to a depth of 20 cm from the soil surface. The soil was air dried, ground and sieved

through a 2 mm sieve (Day, 1965). Soil chemical analyses were done in the

Department of Soil Science at Sokoine University of Agriculture. Soil pH was

measured potentialmetrically in 1:2.5 soil water suspension following the procedure

outlined by MacLean (1982). Organic carbon was determined by the wet oxidation

method of Wakley-Black (Nelson and Sommer, 1982) and organic matter content of

the soil at different depth was obtained by multiplying the organic carbon content of

the respective depths by 1.72 (Moberg, 2000). Total Nitrogen was determined by the

semi-microkjedahl (Bremner and Mulveney, 1982). Cation exchange capacity and

exchangeable bases were determined by Neutral Ammonium Acetate extract and

then Atomic absorption spectrophotometry (AAS) (Thomas, 1982). Bray and Kurtz

(1945) method determined available phosphorus.

3.7 Crop growth and yield components

Germination percentage from all treatments was determined after emergence had

occurred by counting the total number of hills with emerged seedling seven days

after emergence was first observed. Plant height was measured at 45 and 90 days

after emergence (DAE) in all treatments. Heights of 10 randomly selected plants

were measured using a tape measure. The measurements were respectively taken

from soil surface to the top most leaf and from the soil surface to the top of sorghum

heads.
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At maturity, sorghum heads were cut using a sharp knife from a net area of 72 m2 per

constant moisture content. To ensure uniform drying regular turning of the produce

was done.

Threshing was done using a tradition mortar and pestle. Immediately after

•winnowing sorghum grain yields and 1000 kernel from each plot were weighed using

a common field and sensitive balance respectively. Yield and seed weights were

recorded accordingly.

3.8 Statistical analysis

Analysis of variance was run using MSTATC. Version 4.0/EM for the analysis of the

observed parameters namely: Bulk density, Profile soil moisture, Organic (matter

content, Plant growth variables (seed germination percentage, and plant height) and

grain yield. Means were separated using New Duncan's Multiple Range Test.

The statistical model used is according to Snedecor and Cochran (1989) as shown

below:

Xijk = p+ Ti+ Pj + Hk + (TPH)ijk + eijk

Where Xijk = Response measurement

p = general mean common to all observations

Ti = effect of ilh treatment T (Tillage methods)

Pj = effect ofj111 treatment P (Physical factors)

plot in each treatment. Heads were sun dried for five consecutive days to attain a
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(I lk) = effect of klh treatment H (Hydrological factors)

(TI’H)ij - Tillage methods, physical and hydrological factors interaction

effects

eijk = random errors and non systematic variation of the measured

variables
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CHAPTER FOUR

4.0 RESULTS AND DISCUSSION

4.1 Physico-chemical status of the top (0-20 cm) of the experimental site

The physico-chemical properties of surface soil (0-20 cm) are given in Table 3 .The

soil is sand clay loam. The pH was 5.6 in 1:2.5 HzO and 4 0 in 1:2.5 KC1. The mean

Phosphorus content was 2.4 mg/kg. The exchangeable sodium, potassium, calcium

and magnesium were 0.4, 0.6, 0.3, and 0.1 cmol(+)/kg respectively. The cation

exchange capacity was 14 cmol(+)/kg. The bulk density was 1.60 Mg m'3.

Tabic 3: Physico-chemical status of the top (0-20 cm) of the experimental site

InterpretationMean ± S.E

Sand clay loam

Medium

67.15 ± 1.98 
1.86 ±0.37 
30.99 ± 1.63
SCL

5.55 ±0.01
4.03 ±0.01
0.53 ±0.01
0.05 ±0.01
2.38 ±0.19

0.40 ±0.01
0.63 ±0.01
0.25 ±0.01
0.13 ±0.01
13.97 ± 1.07

Very low
Very low
Low

Medium
Medium
Very low
Very low
Medium

Soil property______________
Particle size

Sand (%) (2000p.m-20p.rn)
Silt (%) (20pm-2pm)
Clay (%) (<2pm)

Texture class
pH

In 1:2.5 water
In 1:2.5 KC1

Organic carbon (%)
Total N (%)
Extractable P (mg/kg)
Exchangeable bases
Na (me/100g)
K. (me/lOOg)
Ca (me/100g)
Mg (me/100g)

Cation Exch. Capacity (CEC)
S.E = Standard error

organic carbon and nitrogen percentages were 0.53 and 0.05 respectively.
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These results are similar to those obtained by Mahoo and Kaaya (1993) in the same

location. The soils arc sand clay loam and therefore coarse textured, this property can

reduce their capacity to retain nutrients against leaching. Because the experimental

site was on a gentle slope (1-2%), soil erosion for the past many years might have

contributed to the low fertility status of these soils.

Furthermore, deterioration of soil fertility is likely to have occurred due to

continuous sorghum monocropping cultivation. Thus considering the above

observations, the fertility status of the experimental site was very low.

4.2 Rainfall pattern during 2001/02 cropping season

The rainfall pattern during the 2001/02 season is shown in Figure 2. In 2001/02, rain

started in December and ceased in April. The seasonal total rainfall was 423.9 mm

which was below the ten-year average of 678 mm (Fig.3). All the same, the amount

of rainfall received in January and March was higher than in the previous ten years

(1991/92-2000/01).
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In 1991/92-2000/01 rainfall started in October and ceased in June. January had

generally higher rainfall than other months in the ten years monthly average rainfall.

The rainfall received at the experimental site in 2001/02 season was not well

distributed throughout the season and it was below the average value in Hombolo by

28 %. It was exceeded by 38 % and 34 % by ten and eighteen year average rainfall

respectively. The above was also observed by Ngana, (1991, 1993), Mahoo et al.,

(1996a, b) and Hella et al., (1996) in their various research work in the semi-arid

be the cause of low sorghum grain yield. This shows that average rainfall data does

not tell much about the nature of rains in the area.

areas of Dodoma. They suggested that inadequate rainfall among other factors could
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4.3 Effect of residual tied ridges on soil physical and hydrological properties

4.3 1 Effect of tillage methods on soil organic matter content

The results for residual soil organic matter (OM) percentage arc shown in Table 4a.

Tillage alone had no significant (P<0.05) effect on residual soil organic matter

content. The NT, residual and annually ploughed tied ridges had no significant effect

on residual soil organic matter content.

Table 4a: Mean residual organic matter content in g/lOOg as affected by

different tillage methods

TM. MeansTillage methods

0.63
0.08
19.94

0.68
0.69
0.66
0.82

0____
0.52c
0.69ab
0.69ab

Fann yard manure (tons/ha) 
___________ 30________  

0.84a 
0.70ab 
0.63ab 
0.82a 
0.74

NT
STR
DTR
ADTR
FYM Means
S.E±
CV (%)__________________
NT = No-till, STR = Shallow depth of tillage with tie ridges, DTR = Deep depth of tillage with tie 
ridges, ADTR = Annual Deep depth of tillage with tie ridges. Means followed by the same letter along 
the same column are not significantly different at 5% probability level by Duncan New Multiple 
Range Test.
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Al various depth the organic matter content at harvest was not significant (P < 0.05)

different among treatments (Table 4b). The residual organic matter content decreased

with depth 0-10 cm > 20-30 cm > 30-50 cm. The 0-10 cm depth had relatively higher

organic matter content than 20-30 and 30-50 cm depths. However, according to

EUROCONSULT, (1989) categorization of soil organic matter, the mean residual

organic matter content of the experimental site was very low (<1.0). It has decreased

compared to that reported by Swai (1999) which ranged from 1.73 to 2.14%. And it

is similar to that observed by Mwaliko (2001). Similar trend of SOM content

decrease was reported by Ayanaba et al., (1976) and Tisdall el al., (1993). This may

be due to continuous sorghum cultivation and soil loss by erosion that has resulted

into decreased SOM content in the study area over time.

Table 4b: Mean organic matter content (g/lOOg) at different depths as affected

by different tillage methods at harvest

Soil layer (cm)

0.540.73 0.63

Tillage 
methods

Treatment 
means over 
depth (0-50 cm)

0.10
21.59

0.13
20.21

0.68
0.69
0.66
0.82

NT 
STR 
DTR 
ADTR 
Depth 
means 
S.E± 
CV (%)

0____
0.52b
0.75bc
0.93ab

0___
0.58a
0.68a
0.65a

0___
0.46a
0.65a
0.51a

30-50
30
0.90a
0.59a
0.54a
0.51a 
0.63

20-30___
30__
0.62a 
0.58a 
0.60a 
0.73a 
0.63

0-10____
30___
1,02ab 
0.94ab 
0.75bc 
1.22a 
0.98

0.05
___________ 15.74 ____________________ __ 
NT = No-till, STR = Shallow depth of tillage with tie ridges, DTR = Deep depth of tillage with tie 
ridges, ADTR = Annual Deep depth of tillage with tie ridges. Means followed by the same letter along 
the same column are not significantly different at 5% probability level by Duncan New Multiple 
Range Test.
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4.3.2 Effect of tillage on soil surface roughness indices

mean Soil Surface Roughness indices (SSRI) is

shown in Table 5. Tillage had significant (P<0.05) effect in SSRI just after land

preparation (26 November, 2001), a heavy rainfall and after weedings. No-till

treatments had lower SSRI values which were significantly different from the deep

respect to SSRI. Higher surface roughness was observed in residual DTR (Table 5).

Throughout the growing season, the control (NT) had significantly (P < 0.05) lower

SSRI values than in residual tied ridges treatments (STR and DTR). The values

tended to change due to the physical action of the soil brought about by field

operations (land tilling and weeding) and heavy rainfall events.

There was low SSRI values in NT and this did not vary much (P<0.05) throughout

the season. On the other hand there were higher SSRI values in STR and DTR which

although changed due to cultivation and rainfall events, remained high throughout

the season. Reid (1989), Swai (1999) and Mwaliko (2001) reported similar

observations. Mwaliko, (2001) attributed this to resettling of soil particles after some

time, sloughing and breakdown of aggregates as a result of wetting and rainfall

impact due to dissipation of rainfall energy on the surface of the soil and deposition

into the depressions (in STR and DTR).

The effect of tillage methods on

tillage tied ridges ones. STR and DTR did not differ significantly (P<0.05) with
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Table 5: The effect of tillage treatments on soil surface roughness (Kuipers,

1957)

Tillage treatments
LSD (0.05)MeanDate of 

measurement
NT 
76.38c 
75.13b 
87.39b 
75.89c 
88.11b 
78.52b 
80.57b 
71.36b

130.56
118.11
137.19
132.29
134.80
120.57
130.22
126.48

7.69 
20.96 
8.61
8.00
10.75
17.81
9.50
9.21

STR 
140.8b 
138.7a 
150.1a 
147.5b 
146.6a 
118.3a 
143.0a 
141.5a

C.V
(%)

DTR 
174.5a 
140.5a 
174.1a 
173.5a 
169.7a 
164.9a 
167.1a 
166.6a

5.79
14.30
6.81
6.11
8.36
12.40
7.14
6.72

8 Dec 2001
28 Dec 2001
17 .Ian 2002
7 Feb 2002
2 March 2002
20 March 2002
27 March 2002
4 April 2002___________________________________________
NT = No-till, STR = Shallow depth of tillage with tic ridges, DTR = Deep depth of tillage with tie 
ridges, LSD = Least Significant Difference. Means followed by the same letter along the same column 
are not significantly different at 5% probability level by Duncan New Multiple Range Test.
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4.3.3 Effect of tillage and FYM interaction on seasonal soil profile water content

(mm) of 0-50 cm soil layer during the study period.

Seasonal soil profile moisture content (mm) as affected by different tillage methods

and FYM arc shown in Fig 4 and Appendix 2 respectively. Monitoring of soil profile

water content during the 2001/02 cropping season showed that tillage in combination

with residual unmanured and manured treatments varied considerably during the 19

weeks of the growing season. The analysis of variance revealed that tillage in

combination with residual FYM did not increase soil profile moisture content.

Tillage alone had a significant (P

following trendperiod and had theaveraged measurement

T5>T3=T4>T6>T7>T2>T1.

Residual manured STR maintained significantly (P < 0.05) higher soil profile water

content than either of the six treatments. On the other hand, NT plots always had

lower profile water content. This may be due to low depression storage and higher

runoff generated from the plots due to the fact that the soil of the experimental site at

Hombolo are fairly sandy in texture and there was evidence of runoff (rills) in the NT

treatments.

Residual tied ridges (STR, DTR and ADTR) conserved more soil water than NT.

This may be probably due to the depression storage effect which allowed more time

for more water to infiltrate into the soil in residual tied ridges than in NT where the

soil surface was flat (refer plates 2, 3,4, 5, 6 and 7).

< 0.05) effect on soil profile water content

over the
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The results showed that treatments that had high depression storage were associated

Dagg and Marcalncy, (1968), Hulugallc, (1987), Day, (1988), Swai and

Rwehunibiza, (1998), Swai, (1999) and Mwaliko, (2001).

with high profile moisture content. Similar findings were reported hy Lawes, (I960),
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(a) Without residual FYM
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Figure 4: Profile waler content in the 0-50 cm soil layer during the 2001/02 cropping
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4.3.4 Effect of tillage on Cumulative Infiltration

Table 6 shows cumulative infiltration measurement taken before planting and at

harvest. Tillage methods alone had significant (P<0.05) effect in cumulative

infiltration both before planting and at harvest. Cumulative infiltration before

planting had the following trend NT > ADTR > STR > DTR. In NT and DTR

cumulative infiltration significantly (P<0.05) differed from STR and ADTR.

Compared to before planting, mean cumulative infiltration at harvest had decreased

in the order NT>STR>ADTR>DTR. The NT treatment had significantly (P<0.05)

higher cumulative infiltration than other residual lied ridges (STR, DTR, and

ADTR).

The current findings may be due to the fact that tillage reduced infiltration by

creating discontinuous pore spaces in the plough layer and by weakening the

structure due to micro frac lures, Frccbrain e/ al., (1989), Hulugallc, (1988), Swai,

(1999) and Mwaliko, (2001) reported similar findings. The significant reduction in

infiltration in STR, DTR and ADTR compared to the control (NT) were possibly due

to the increase in siltation in basins.

On (he other hand, the cumulative infiltration in residual unmanured and manured

plots at harvest did not differ significantly (P<0.05). However, cumulative infiltration

at hatvest had increased may be due to tillage that temporarily removed sediments on

the basins that had created surface seals al before planting. Similar findings were

reported by McFarland et al., (1991) in their studies on cumulative infiltration and
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attributed this to the greater earthworm activities and greater continuity of soil pores

under NT tillage system.

Table 6: The effect of tillage methods on cumulative infiltration (mm) per hour.

Tillage methods Farm yard manure (tons/ha)

At harvest

4.3.5 Effect of tillage methods on soil bulk density

reported in Table 7a. Bulk density values throughout the growing season were not

significantly different (P < 0.05) between treatments. On the other hand bulk density

values were significantly different (P <0.05) between treatments and depth (Table

7b). It varied temporarily and spatially. This could be due to the undisturbed zone

within the soil, compaction and reconsolidation due to subsequent tillage operations

Time of 
measurement

Treatment 
means

285.66
163.28
116.28
209.60

412.83
347.99
182.61
259.23

445.33a
367.66a 
178.66a
259.23a
312.72

184.55
17.76
26.78
380.33a
328.33a
186.56a

0______
243.76ab
168.56ab
141.33ab

30_____
327.56a 
158.00ab
91.23b 
209.60ab 
196.59

Bulk density measurement before planting, at mid season and at harvest were as

Before planting NT
STR 
DTR 
ADTR 
FYM. Means 
S.E± 
CV (%) 
NT 
STR 
DTR 
ADTR 
FYM. Means 298.40
S.E± 27.16

_______________CV (%)________ 26 __________  
NT ~ No-till, STR = Shallow depth of tillage with tic ridges. DTR - Deep depth of tillage with tic 
ridges, ADTR Annual Deep depth of tillage with tie ridges. Means followed by the same letter along 
the same column are not significantly different at 5% probability level by Duncan New Multiple 
Range Test.
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comparable to those reported by Allmaras cl al., (1966), Macartney cl al., (1971),

Willcocks, (1981), Swai, (1999) and Mwaliko. (2001).

Considering tillage methods and residual FYM at different depths at planting, mid

0.05) in bulk density

between depths 0-10 cm, 30-50 cm and 20-30 cm. Overall mean bulk density in the

0-50 cm was higher in STR than in NT. DTR and ADTR throughout the cropping

season (2001/02). This is similar to the explanations by Landon, (1991) that in

horizons of similar texture lying at similar depth there arc usually great differences in

organic matter levels, root penetration, soil

structure and there is very often a tendency for bulk density values to rise with depth

as effects of cultivation and organic matter content decrease.

Still these results conform to those obtained by Swai, (1999) and Mwaliko, (2001).

This also can be explained in the sense that fine soil particles washed by rainwater

into the pore spaces (especially al mid season) might have decreased the macropores

in the soil and hence increased the bulk density. Tillage usually loosens the soil and

thus lowers bulk density. The effect seems to be short lived since by mid season

tilled and untilled plots had similar values of bulk densities.

and break down of unstable soil aggregates due to raindrops impact. These results arc

season and at harvest, there was a significant difference (p <

bulk density values depending on
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Table 7a: Effect of tillage methods on soil bulk densities (iVlg/m3)

Time of planting Tillage methods Farm yard manure (tons/ha) TM

Before planting

Mid season

At harvest

Deep depth of tillage with tie

1.58
1.72
1.51
1.54

1.56
1.75
1.55
1.56

1.55
1.72
1.51
1.53

1.56 
0.13 
14.47

30
1.60a 
1.88a 
1.50a 
1.54a 
1.63

1.55a 
1,93a 
1.53a 
1.56a 
1.64

0
1.57a
1.57a
1.53a

1.57 
0.13 
14.69 
1.59a 
1.59a
1,52a

1.51a 
1.86a 
1,50a 
1.53a 
1.60

1.55 
0.13 
14.67 
1.58a
1.57a 
1.58a

NT 
STR 
DTR 
ADTR 
FYM. Means 
S.E± 
CV (%) 
NT 
STR 
DTR 
ADTR 
FYM. Means 
S.E± 
CV (%) 
NT 
STR 
DTR 
ADTR 
FYM. Means 
S.E:t 

___________________ CV (%) 
NT = No-till, STR = Shallow depth of tillage with tie ridges, DTR 
ridges. ADTR = Annual Deep depth of tillage with tie ridges. TM ” Treatment means. Means 
followed by the same letter along the same column arc not significantly different at 5% probability 
level by Duncan New Multiple Range Test.
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4.3.6 Effect of tillage methods on soil total porosity

Table 8 shows total porosity for each tillage practice. Like for bulk densities there

was no significant difference (P ■ 0.05) in total porosity between treatments. In mid

and depths. Total porosity varied temporarily and substantially among treatments in

all soil depths.

The treatment mean values obtained over (0-50 cm) soil depth before planting, at

mid season and al harvest were higher in DTK than those in NT, STR and ADTR. On

the other hand, the treatments mean values obtained over (0-50 cm) soil depth before

planting, at mid season and at harvest in STR were lower than those in NT. DTR and

ADTR. This has been also observed by Swai, (1999) and Mwaliko, (2001). Possible

explanations include crusting and negligible disturbance of the plough layer due to

lack of primary tillage as described under bulk density section.

season and at harvest there was a signincant difference (P < 0.05) among treatments
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4.4 Effect of tillage on sorghum growth and yield

4.4.1 Effect of tillage methods on seedling emergence, plant height and number

of plants at harvest

Percentage seedling emergence, plant height and number of plants at harvest as was

influenced by tillage practices arc shown in Table 9, 10, and Appendix 3

respectively. Mean separation using Duncan’s New Multipe Range Test at 5%

seedling emergence especially those with and without residual FYM. Treatment DTR

had high emergence percentage followed by NT, STR and ADTR. The lower

percentage seedlings emergency in ADTR was due to seeds germination failure.

Furthermore, there was a significant difference between treatments (P < 0.05) on the

number of plants harvested (at harvest) Appendix 3. The higher seedling emergence

in DTR could be explained as due to high profile moisture content observed in DTR

compared to that in NT, STR and ADTR at planting. Also DTR had moderately rapid

cumulative infiltration throughout the cropping season.

Generally, tied ridges had plants which were growing well (Table 10). There was no

significant difference in plant height at 45 DAE and 90 DAE between treatments.

However plant height at 45 DAE and 90 DAE in the treatments with high profile

moisture content in residual tied ridges had taller plants compared to those in the

control (NT) (refer to plates 3, 4, 5, 6 and 7).

probability level showed a significant difference (P < 0.05) between treatments on
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Determination of the number of hills at harvest showed similar trend to the

aforementioned percentage seedlings emergence (DTR>STR>NT>ADTR). Further

the seedlings in the control (NT) died.

Plant height and number of plants at harvest results arc similar to those observed by

Swai (1999) and Mwaliko (2001). However seedlings emergence results are in

contrast to those by Swai (1999) and Mwaliko (2001) who observed higher seedlings

emergence in residual tied ridges treatments than in the control (NT).

Table 9: Seedling emergence (%) as influenced by tillage methods

Farm yard manure (lons/ha)Tillage method Tillage 
method.
Means

90.89
3.92
11.60

91.19
86.54
92.99.
72.44

0_____
91,49ab 
87.44ab 
93.89a

30____
91.09ab
86.39ab
92.24ab 
72.44b 
85.49

more due to subsequent moisture stress experienced during the study period some of

NT
STR
DTR
ADTR
FYM. Means
S.E±
CV (%)____________________
NT ~ No-till. STR = Shallow depth of tillage with tie ridges. DTR -■ Deep depth of tillage with tie 
ridges. ADTR = Annual Deep depth of tillage with tie ridges. Means followed by the same letter along 
the same column are not significantly different al 5% probability level by Duncan New Multiple 
Range Test
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Table 10: Plant height at 45 and 90 DAE as affected by tillage methods

TM

137.1345.22

Deep depth of tillage with lie

5.30 
19.08

Treatment 
means

Tillage 
methods

NT
SIR 
DTR 
ADTR 
FYM. 
Means 
S.E± 
CV (%)
NT

44.72
50.92
47.12
51.62

30
145.9a
145.5a
143.5a
1.37.6a
143.12

137.25
144.15
144.25
137.6

30 
56.46a 
48.65ab 
44.75ab 
51,62a 
50.37

Plant 
height 
(cm) at 90 
DAE/ 
Fann yard 
manure 
0 
128.6a 
142.8a 
145.0a

Plant 
height 
(cm) at 45 
DAE/ 
Farm yard 
manure 
0 
32.99b 
53.19a 
49.50ab

7.91
9.70

No-lill, STR - Shallow depth of tillage with lie ridges, DTR 
ridges, ADTR = Annual Deep depth of tillage with tie ridges, TM = Treatment means. Means 
followed by the same letter along the same column are not significantly different at 5% probability 
level by Duncan New Multiple Range Test.
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4.4.2 Effect of tillage methods on sorghum grain yield

Appendix 5. The absolute control (NT) had significantly lower grain yield compared

to other treatments. The annually made ridges (ADTR) had significantly (P<0.05)

higher sorghum grain yield at 2.17 tons/ha compared to only 0.42 tons/ha in the

control.

The effect of tillage and residual FYM on grain yield was significant (P<0.05). With

and without application of FYM, sorghum grain yield was more than doubled under

residual STR or DTR compared to the control (NT). All the treatments with residual

FYM had higher sorghum grain yield and this was more than four times compared to

the control.

The higher yield observed in STR, DTR and ADTR were attributed primarily due to

the increase in soil water storage which became available at critical period of the

crop growth. In this regard, land configuration played an important role as it

determined the retention lime for rainwater to infiltrate into the soil. On the other

hand the lower soil profile water content in the ADTR had no effect on crop growth

probably because the lower profile water content did not occur in the critical period

of growth for sorghum (it occurred after grain filling, 45 DAE).

The sorghum grain yield as was affected by tillage methods is presented in Fig 5 and
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Significant increase in yields of cotton, sorghum, and maize were reported by Dagg

and Macartney. (1968) on the aforementioned crops planted in tied ridges compared

to those grown on flat surface in Sukumaland in Tanzania. Also these results have

similar trend to that observed by llulugallc, (1987) when conducting a field trial on

the effect of tied ridges on soil water content, evaporation, root growth and yield of

cowpeas in the Savannah of Burkina Faso.

Swai (1999) also observed high sorghum grain yields in residual and annually made

lie ridges compared to the control (NT). This concurred with Clark and Jones (1981),

MaCartney at al., (1971) and Vogel (1994) who attributed higher sorghum grain

yields under lied ridges primarily to decreased runoff and consequently increased soil

water storage. Rwehumbiza et al., (2000) in their research on tied ridging as a water

harvesting technique also observed an increase in sorghum grain yields in unmanured

and manured lied ridges compared to the control (NT). Sorghum grain yield was

more than doubled in the first season, in the second season (1997/98) sorghum grain

yield was even lower, they attributed this low yield to El-nino rains which were

above normal while in the third season sorghum grain yield was far belter (Table 11)

than the first two seasons.

increased soil water storage. The results from the four seasons that had variable

rainfall amounts and distribution (Table 11) have shown that: Tillage coupled with

tied ridges enhanced the capture of rainwater and increased sorghum grain yield.

In the fourth season Mwaliko (2001) obtained higher sorghum grain yield in the
I

residual deep lied ridges as compared to the control (NT) and attributed this to
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Similar findings were reported by Swai and Rwehumbiza, 1998; Reuben et al, 1998;

Swai, 1999; Mwaliko. 2001).

Swai and Rwehumbiza, (1998); Reuben el a.I, (1998); Swai (1999); Mwaliko (2001)

attributed the high increase in sorghum grain yield in annually ploughed and residual

tied ridges to increased storage of soil water in the field while Reuben et al., (1998)

attributed the increased sorghum grain yield in annually ploughed and residual lied

ridges to larger panicles which produced more grains than smaller panicle in the

control (NT) plots. Application of FYM even when no tillage was undertaken

significantly increased sorghum grain yield compared to the control treatment (Swai

and Rwehumbiza, 1998). FYM is known to improve soil water retention and supply

plant nutrients (Young, 1976; Kramer and Boyer, 1995).

The 2001/02 results indicated that there were still benefits when using residual tied

ridges up to five seasons without annual ploughing and reconstruction of tied ridges.
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Table II: Sorghum grain yield as affected by tillage methods and FYM after

five seasons

Treatments

4.4.3 Effect of tillage methods on a 1000 sorghum kernel weight

Table 12 shows 1000 kernel weight as affected by tillage methods. The variation on a

1000 kernel weight was not significant (P < 0.05) between treatments. This may be

due to the fact that the parameter is stable and genetically determined (Mwaliko,

2001). This can also be explained by the fact that the annually ploughed (ADTR) and

residual tied ridges had larger panicles with heavier grains than the control (NT)

which had smaller panicles with lighter weights (Reuben et al., 1998) (Appendix 4).

And Mwaliko (2001) attributed this to compaction, low depression storage in NT,

which was related to low surface roughness that led to loss of water and soil nutrients

through runoff.

509a 
1245b 
1150ab 
1490b 
1250b
HOOab 
1150ab

1488a
1698a

*1996/97
(1st season)

**1999/2000 
Residual tied- 
ridges 
(4lh season) 
635b

2001/2002 
Residual 
tied-ridges 
(5lh season) 
420a 
1810ab 
1180ab 
1540ab 
1840ab 
1920a 
2170a

Grain yield (kg/ha) 
*1998/99 
Residual 
tied-ridges 
(3rd season) 
1652a 
1718a 
2408ab 
31O5ab 
3360b 
3476b 
2925ab_

** Mwaliko, (2001).

NT
NT+F
STR
DTR
STR +F
DTR + F
ADTR+F
*
NT = No-till, NTF = NT + FYM, STR = Shallow depth of tillage with tie ridges without FYM, DTR = 
Deep depth of tillage with tie ridges without FYM, STRF = STR + FYM, DTRF = DTR + FYM, 
ADTRF = Annual Deep depth of tillage with tie ridges with FYM. Treatments sharing the same letter 
in each season are not significantly different at P= 0.05. (FYM was applied once in the 1st season).

*1997/98 
Residual 
tied-ridges 
(2nd season) 
310a 
1050b 
650a 
1050b 
1200c 
1400c 
1485c

Obtained from Rwehumbiza et al., (2000), and
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Table 12: Sorghum 1000 kernel weight (g) as affected by tillage methods

Tillage methods Farm yard manure (tons/ha)

Deep depth of tillage with tie

0
25.05ab
25.72ab
25. Bab

Tillage 
methods.
Means

24.98
24.95
25.45
27.73

30
24.9 lab
24.19b
25.78ab
27.73a
25.65

NT
SIR
DTR
A DTR
FYM. Means
S.E±
CV (%)
NT
ridges. ADTR
the same column are not significantly different al 5% probability level by Duncan New Multiple
Range Test.

25.30
0.92
6.31

No-lill. STR - Shallow depth of tillage with tie ridges. DTR
Annual Deep depth of tillage with tie ridges Means followed by the same letter along
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Plate 3. Sorghum crop under no till system without farm yard manure

Plate 2. The tie ridging system with water on basins in annually made deep tied 
ridges
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Plate 4. Sorghum crop under no till system without farm yard manure

Plate 5. Sorghum crop under shallow tied ridges without farm yard manure 

(Note the effect of residual shallow tied ridges on the depression storages)
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Plate 6. Sorghum crop under deep tied ridges with farm yard manure

(Note the effect of deep tied ridges on the depression storage)

Plate 7. Sorghum crop under annually made deep tied ridges with farm yard manure

(Note the effect of deep tied ridges on the depression storage)

Note: Plates 2, 3, 4, 5, 6 and 7 were taken on the same date.
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CHAPTER FIVE

5.0 CONCLUSIONS AND RECOMMENDATIONS

5.1 CONCLUSION

The 2001/02 cropping season had very low rainfall compared to the average rainfall

in the study area. The conclusions that can be made from the current work are

summarized below.

5.1.1 Effect of tillage methods on soil physical and hydrological properties

These include.

(a) Bulk density did no vary during the 2001/02 cropping season. However temporal

and spatial variations of bulk density with depths were observed at harvest

especially in 30-50 cm depth. This may be attributed to increase in weight per

unit volume as a result of water washing the fine soil particles into the pore

spaces and due to compaction caused by overlying soil layer. The residual FYM

did not influence bulk density and this did not affect total porosity.

(b) The effect of tillage on profile water content was significant throughout the

cropping season. Generally residual lied ridges maintained higher profile water

content than the control (NT) that had the lowest profile water content. Annually

made lied ridges had lower profile water content but this did not affect sorghum

grain yield.

(c) NT had higher cumulative infiltration throughout the season. It was 285.66

mm/hr al planting followed by STR, ADTR and DTR and 412.83 mm/hr at

harvest with the same trend. Higher cumulative infiltration rate in NT may be
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attributed to greater continuity of soil pores under this system. Lower cumulative

infiltration rate in the remaining treatments may be associated with tillage effect

that created discontinuous pore space in the plough layer and weakening the

structure due to micro fractures. Further more sedimentation in the basins created

surface seals which reduced infiltration.

(d) Soil surface roughness indices had the following trend DTR>STR>NT. This

parameter was affected mainly by tillage depth and to some small extent by

weeding operations and by rainfall.

5.1.2 Effect of tillage methods on sorghum growth and yield

Residual deep tied ridges had higher seedling emergency percentage than all other

treatments. There was no significant statistical difference in plant height among

treatments. The use of residual unmanured and manured tied ridges had no

significant effect on crop growth. The effect of tillage on sorghum grain yield among

treatments was significant (P

ridged treatments with residual FYM compared to the control. All the treatments

compared to the control.

In view of the 2001/02 cropping season results, there are still benefits of using the

residual tied ridges live years/seasons since their establishment, in the semi-arid area

of Hombolo Dodoma, Tanzania.

with residual FYM had higher sorghum grain yield and this was more than four times

< 0.05). Grain yield was more than doubled in tie-
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5.2 RECOMMENDATIONS

From the results reported above, the following recommendations can be made:

(a) Residual tied ridges may be adopted and used for up to five seasons thereby

increasing yield and reducing labour.

(b) There is a need also of using sensitive field methods for moisture determination

directly in the field on daily basis, for the weekly determinations sometimes failed to

discriminate between treatments.
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7.0 APPENDICES

.Appendix la: Soil characterization and classification of Hombolo Research

Station

Profile No. Hombolo Agricultural Research Station

Location: Hombolo Agricultural Research Station Fann, about 400 m East of the

Agriculture Station Offices.

Elevation: 1037 m above mean sea level.

Landform: On middle of a long uniform slope of about 2%.

Vegetation/Land use: The area has been under fallow for the past 5 years. However

, the native vegetation in the surrounding areas consisted of scattered Andosonia

digitata (baobab) and Hyperrhenia-acacia bush with grassland. Exotic species have

also been introduced by the Agricultural Research Institute Hombolo. These include

Lcucaena spp.

Parent material: Silicon rich gneiss with granite.

Profile description:

Ap 0-12cm Brown (7.5YR 5/4) moist and light brown (7.5YR 6/4) dry , sandy loam;

moderately weak medium crumb; slightly sticky, slightly plastic (wet), very friable

(moist) and slightly hard (dry; many very fine random pores; porosity 42.7%;

common very fine roots; abrupt, smooth boundary.
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AB 12-28cm Brown to brown (7.5YR 4/4) moist and brown (7.5YR 5/4) dry, sandy

loam; strong coarse granular; slightly stick, slightly plastic (wet), very friable (moist)

porosity 36.5%; very few fine roots; clear; smooth boundary.

Bui 28-46cm Strong brown (7.5YR 5/8) moist and reddish yellow (7.5YR 6/6) dry,

sandy clay loam: moderately weak medium sub-angular blocky, non sticky, non

plastic (wet), ven.- friable (moist) and hard (dry); common fine and very fine random

pores; porosity 38.5%; gradual smooth boundary.

Bu2 46-102cm Reddish yellow (5YR 6/8) moist and reddish yellow (5YR 7/8) dry,

sandy clay loam: moderately weak medium sub-angular blocky; non stick non plastic

(wet); very friable (moist) and hard (dry'); common fine and ven' fine random pores:

porosity 42.3%; gradual smooth boundary.

Bu3 102-158cm Reddish yellow (5YR 6/8) moist and reddish yellow (5YR 7/8) dry,

sandy clay loam; moderately weak fine and medium sub-angular blocky; slightly

stick, slightly plastic (wet); very friable (moist) and hard (dry); common fine and

very fine random pores; porosity 40.4%; clear smooth boundary.

Bgcs 158-178cm light brown (7.5YR 6/4) moist and pink (7.5YR 7/4) dry, common

fine faint clear strong brown (7.5YR 5/6 and 7.5YR 5/8) mottles; slightly gravel

sandy clay loam; moderately coarse sub-angular blocky sticky and plastic (wet), firm

(moist) and very hard (dry); few fine to medium pores; porosity 35% very few

and hard (dry'); very few medium and common fine and very fine random pores;
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angular quartz gravel (2-4mm) very few large (1.0-1,5cm) slightly soft irregular dark

red ironstone nodules; abrupt smooth boundary'.

Ccs 178-184cm Pinkish grey (7.5YR 6/2) moist and pinkish grey (7.5YR 7/2) dry;

common medium distinct clear strong brown mottles, slightly gravel sandy clay

loam; massive; sticky and plastic (wet), firm (moist) and extremely hard (dry); few

fine pores; porosity 30.7%; very few large (1.0-1.5cm) slightly soft irregular dark red

ironstone nodules.
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Appendix 3: Number of plants harvested

Tillage methods Treatment means

Appendix 4: Heads/Panicle weight (kg)

Treatment meansTillage methods

185
3.69
28.85

9.45
3.54
22.50

10.05
13.54
14.86
18.61

213
226
235
178

0___
149b
206ab
200ab

30__
16.03a 
16.31a 
16.21a
18.61a 
16.79

Fann yard manure (tons/ha) 
____________ 30_______  

277a 
247ab 
27 lab 
178ab 
243

Farm yard manure (tons/ha) 
0_____
4.07b 
10.77ab 
13.51ab

NT
STR
DTR
ADTR
FYM. Means
S.E±
C.V (%)___________________________________________
NT = No-till, STR = Shallow depth of tillage with tie ridges, DTR = Deep depth of tillage with tie 
ridges. ADTR = Annual Deep depth of tillage with tie ridges. Means followed by the same letter along 
the same column are not significantly different at 5% probability level by Duncan New Multiple 
Range Test.

NT
STR
DTR
ADTR
FYM. Means
S.E±
C.V (%)___________________
NT = No-till, STR = Shallow depth of tillage with tie ridges, DTR = Deep depth of tillage with tie 
ridges, ADTR = Annual Deep depth of tillage with tie ridges. Means followed by the same letter along 
the same column are not significantly different at 5% probability level by Duncan New Multiple 
Range Test.
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Appendix 5: Sorghum grains yield (tons/ha) as affected by tillage methods

Tillage methods Farm yard manure (tons/ha) Tillage methods.
Means

NT
STR
DTR
ADTR
FYM. Means
S.E±
CV (%)

1.11
1.85
1.73
2.17

30___
1.81ab 
1.84ab 
1.92a
2.17a 
1.93

0____
0.42a
1.18ab
1.54ab

1.05
3.08

__________________ 23.78 __________________________
NT - No-till. STR = Shallow depth of tillage with tie ridges. DTR - Deep depth of tillage with tie 
ridges, ADTR = Annua) Deep depth of tillage with tic ridges. Means followed by the same letter along 
the same column are not significantly different at 5% probability level by Duncan New Multiple 
Range Test.


