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ABSTRACT

A study was conducted to assess the spatial and temporal variability of soil fertility

under rainwater harvesting (RWH) systems in three villages along the toposequence

assessing the soil fertility status and patterns along the toposequence, mapping

spatial patterns of soil fertility under RWH, identifying and determining the nature

and magnitude of the factors causing soil fertility changes under RWH systems along

the toposequence within the cropping seasons, and assessing spatial and temporal

variability of soil fertility within selected fields under RWH systems in Makanya

village. Random soil samples were collected from Makanya, Mwembe and Tae

villages and were used for the characterization of physical and chemical soil

properties on the catchment. Runoff water samples were collected and analysed for

plant nutrients in the runoff. GPS and GIS were used for positioning both soil and

water sampling points and to establish geospatial information database and generate

maps of the study area. Geostatistical analysis was done to carry out soil fertility

surface interpolation. Soil fertility management practice data were collected through

a questionnaire survey and analysed using SPSS software. The study revealed that,

more than 92% of 144 interviewees were practicing RWH systems in the study area.

The soil fertility attributes showed that, total nitrogen was very low to medium level

(0 - 0.5 %). Soil pH ranged from strongly acid to moderately alkaline. Exchangeable

K on the upper zone was very low (0-0.13 cmol(+)/kg) for the majority of samples

(62 %), whereas available P was adequate (39.49 - 81.16 mg P /kg soil) only on the

lower zone. Fertility attribute maps on the mid and upper zone tended to be

systematically distributed following the slope facet, while on the lower zone, maps

on the Makanya river catchment, Same district, Tanzania. The study aimed at
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showed the patterns distribution to follow availability of harvested rainwater.

Generally, most of the soils under rainwater harvesting in the area had low fertility

status attributable to low organic carbon, total nitrogen and potassium, thus required

improvement for high and sustainable crop yields.
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CHAPTER ONE

1.0 INTRODUCTION

1.1 Background

On the basis of the amount and distribution of rainfall, more than 50% of mainland

Tanzania can be categorised as semi-arid (De Pauw, 1984; LRDC, 1987).

Furthermore, over 40% of the rural people in Tanzania are food insecure and most of

them are found in the semi-arid areas (Ngailo et al., 1994). In these semi-arid areas,

the fundamental problem facing agriculture and livestock production is low soil

fertility and inadequate soil-moisture (Rwehumbiza et al., 1999).

A good progress has been made in some semi-arid areas of Tanzania to reduce soil

water constraints through rainwater harvesting (RWH). In the broad sense, rainwater

harvesting is the process of concentrating, collecting and storing rain water for

different uses at a later time in the same area where the rain falls, or in another area

during the same or later time (Hatibu and Mahoo, 2000).

Water harvesting is not a new idea or technology because for thousands of years,

systems designed to increase the amounts of water for crop production have been

used in the semi-arid and arid tropical regions. The first water harvesting techniques

are believed to have originated in Iraq over 5000 years ago. In Africa however, the

potential of rainwater harvesting for improved crop production received a great

attention in the 1970s and 1980s. This was due to the widespread droughts in Africa

that left trails of crop failures and serious threat to human and livestock life.

Consequently, a number of water harvesting projects were set up in sub-Sahara
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Africa to combat the effect of drought by improving plant production and in some

Hatibu and Mahoo (1999).

Water harvesting has tended to be conceived as an isolated technique of improved

water management in semi-arid and arid areas. In reality the optimal yields can not

be achieved by simply supplying more water to a crop. In water scarce tropical agro­

ecosystems, water and low soil fertility are the most important factors limiting

improved crop yields. Combining water harvesting with other methodologies for

improved water and soil management can have a tremendous effect to the farming

systems. Therefore, successful water harvesting practices should involve an

integrated approach to soil and water management.

According to Agromisa Foundation (1997), in most RWH systems, soil fertility must

sustainable way. The improved water availability and higher yields derived from

RWH systems are being practiced, lack of soil moisture and low content of plant

nutrients like N and P are recognized as significant constraints to plant growth (FAO,

1991).

In the semi-arid areas, low physical soil fertility is associated with crusting, collapse

of soil structure and erosion resulting from the decline of vegetation cover and

organic matter when the land is cultivated. The low chemical and biological soil

fertility status are associated with non-incorporation of the harvested crop parts and

crop residues into the soil, leaching, non or inadequate application of fertilizers,

areas rehabilitating abandoned and degraded land (Critchley and Reij, 1989), cited by

be improved or at least maintained in order for the soil to remain productive in a

water harvesting lead to greater exploitation of soil nutrients. In many areas where
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denitrification and immobilization of the plant nutrients in soils (Smaling and Fresco,

1993).

Soil fertility is one of the indicators of soil quality and its spatial and temporal

variability can be realized within a time scale of less than a year (Arnold et al., 1990;

Coleman et al., 1992), cited by Halvorson et al. (1997). Soil quality is the capability

of soil to produce crops in a sustainable manner, and to enhance human and animal

health without adversely impairing the natural resource base or the environment (Parr

et al., 1992). Thus, in semi-arid and arid areas, in order the soil to be productive in

the sustainable way, need to be improved in moisture as well as fertility.

In the semi-arid areas, some of the agronomic practices used to ensure that crops use

soil-water effectively with high productivity include: (i) A judicious fertilizer use

commensurate with the nutrient status of soil, nutrient needs of crops, plant

population and availability of soil moisture, (ii) crop rotation including fallowing

with the aim of exploiting the difference in crop characteristics to restore soil

structure and fertility and (iii) limited supplementary irrigation to carry the crop

through a particular damaging dry spell (moisture stress).

According to Hatibu and Mahoo (2000), the ecological situation in semi-arid areas

can be described as “dry with low nutrients”. In such cases, the techniques for

harvesting both soil nutrients and water would be the most relevant soil and water

conservation approach. The introduction and adoption of rainwater harvesting

systems/technologies in semi-arid areas of Tanzania, has significantly reduced the

constraint of soil moisture to crop production (SWMRG, 2001). However, there
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have not been parallel and equivalent efforts in the introduction and adoption of

strategies to improve soil fertility.

Thus, it is absolutely important to understand the fertility status of soil and its

variability in spatial and temporal scale. The interpretation and thorough

understanding of these phenomena within a landscape or fields is necessary for both

farmers and scientists. It is against the above background that this study was

initiated. It is hoped that, this study will contribute knowledge on the improvement of

soil fertility under RWH systems and hence accelerate the development of a

sustainable farming system in semi-arid areas.

1.2 Objectives

The main objective of this study was to assess the magnitude and extent of spatial

and temporal variability of soil fertility under RWH systems in Makanya river

catchment of Western Pare Lowlands. The specific objectives were the following:

To assess status and patterns of the soil fertility along the toposequence(i)

under RWH systems in the study area.

To map spatial patterns of soil fertility under RWH in the study area.(ii)

To identify and determine the nature and magnitude of the factors causing(iii)

soil fertility changes along the toposequence under RWH systems within

the cropping season in the study area.

To assess spatial and temporal variability of soil fertility within the(iv)

selected fields under RWH systems in the study area.
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CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 Rainwater harvesting systems

2.1.1 Definition of rainwater harvesting

From the crop production point of view, rainwater harvesting can be defined as the

process of concentrating rainwater from a large land area into a small area so as to

improve the soil moisture regime. Rainwater harvesting can also be referred to as a

method of inducing, collecting, storing and conserving local surface runoff for

agriculture in arid and semi-arid regions (Boers and Ben-Asher, 1982). In its

broadest sense, rainwater harvesting is defined as the process of concentrating,

collecting and storing rainwater for different uses at a later time in the same area

where the rain falls, or in another area during the same or later time (Hatibu and

Mahoo, 2000). According to FAO (1991), rainwater harvesting in its broadest sense

is defined as the collection of runoff for its productive use. Productive uses include

provision of domestic and stock water, concentration of runoff for crops, fodder and

tree production and less frequently water supply for fish and duck ponds.

Runoff may be harvested from roofs and ground surfaces as well as from intermittent

many different applications is currently used. Water harvesting techniques that

harvest runoff from roofs or ground surfaces fall under the term rainwater harvesting,

while all systems which collect discharges from watercourses are grouped under the

term floodwater harvesting.

or ephemeral watercourses. A wide variety of rainwater harvesting techniques for
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2.1.2 Major categories of rainwater harvesting

In crop production systems, RWH is composed of a runoff producing area normally

called the catchment area (CA) and a runoff utilization area normally called cropped

basin (CB). Therefore, RWH systems for crop production are divided into several

categories basically determined by the distance between CA and CB. Ideally the

catchment area should have a high runoff coefficient while the cultivated area should

have a deep, fertile loamy type soil (FAO, 1991). The categories are briefly

described below.

i) In-situ Rainwater harvesting

In-situ RWH is the capturing of rain where it falls. It is sometimes called water

conservation and is basically a prevention of net runoff from a given cropped area by

holding rainwater and prolonging the time for infiltration. It is basically all the

conventional approaches to soil and water conservation, designed to enhance

infiltration of rainwater into the soil (Hatibu and Mahoo, 2000).

In semi-arid areas, in order for crop fields to be productive, water needs to get to the

roots of the crop. This can be achieved through in-situ RWH. In-situ RWH is

achieved mainly through earth banks, deep tillage, contour farming and ridging, and

other agronomic practices.

ii) Micro catchment rainwater harvesting

distinct division of CA and CB but is adjacent to each other (Gowing et al., 1999).

maize, sorghum, groundnuts and millet. The major techniques of RWH under micro-

Another category of rainwater harvesting is micro-catchment system that involves a

This system is used mainly for growing medium water demanding crops such as
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catchment rainwater harvesting system include pitting, strip catchment tillage,

contour bunds, semi-circular bunds, and meskat-type system.

iii) Macro catchment rainwater harvesting

Macro-catchment RWH is a system that involves the collection of runoff rainwater

from large areas, with an appreciatable distance between CA and CB. In this system,

when the catchment is large and located at a significant distance from the cropped

area, the runoff is conveyed through structures of diversion and distribution

networks. The most important systems include hillside sheet or rill runoff utilization.

ephemeral stream diversion, and RWH with storage. This includes intermediate

components such as means for collecting, transferring and storing the runoff.

According to Gowing et al. (1999), the system is difficult to differentiate from

conventional irrigation systems, but it is referred as RWH as long as the water for

harvesting is not available beyond the rainy season.

2.2 Extent of rainwater harvesting in Tanzania

There is a widespread practices of RWH in Tanzania, according to a study

undertaken by Gowing et al. (1999) on the assessment of the extent to which

different RWH systems are practiced in Tanzania. However, their potential is largely

neglected by research and extension services and they are under exploited. For

example, RWH with storage of water for livestock has received government support

in the past, though many storage reservoirs have been rendered useless by siltation.

Several in-situ RWH techniques can be identified in Tanzania. These include deep

tillage, contour farming, ridging, conservation tillage, and pitting and agronomical



8

practices. Conventional ploughing is an in-situ RWH, in the sense that loosening the

soil encourages infiltration. Experience in Tanzania has indicated that, tillage

systems are well adapted to tractor and or draught animal cultivation. In the Lake

Victoria Zone, like in Mwanza and Shinyanga regions for example, use of oxen and

tractor plough in land preparation is a common practice.

Planting pits have been documented as an indigenous practice of RWH in different

areas of Tanzania. A notable example is the 'Ngoro ’ technique of the Matengo

Highlands in Mbinga district. It has been reported by Willcocks et al. (1996) cited by

Gowing et al. (1999) that, this system was documented during the colonial era and

has recently received much attention.

Micro-catchment RWH techniques identified to be practiced in Tanzania includes

pitting, strip catchment tillage, semi-circular bunds, maskat type (basin system), and

contour bunds (barriers basin). According to Gowing et al. (1999), strip catchment

tillage (also known as contour strip cropping) involves alternating strips of crops

with strip grass or cover crops. The system is widely practiced in many semi-arid

areas in Tanzania, although farmers and extension workers may not recognize it as

RWH measure. Moreover, contour bunds are generally constructed manually with

soil either being thrown upslope (fanya Jun) or down slope (fanya chini). The fanya

chini system is more common in steep slope areas in Arusha, Morogoro, and Tanga

regions in Tanzania.

According to Gowing et al. (1999), basin system commonly known as the ‘negarim

or meskat’ micro-catchment technique is the best known RWH system. Further, it

was noted that, no observed experience of systematically design micro-catchment
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basin systems in semi-arid Tanzania. However, it is apparent that some farmers

recognize natural distribution of runoff that occurs in the farming landscape and

adjust their management to reflect differences in land capability.

In Tanzania, identified macro-catchment RWH techniques include hillsides sheet

system, stream bed, ephemeral stream diversion, and storage system (Hatibu and

Mahoo, 1999; Gowing et al., 1999). Rainwater harvesting technique using ephemeral

stream diversion is common in semi-arid areas in Tanzania, and can be witnessed in

the Lake Victoria zone, WPLL, and Dodoma region. Ephemeral stream diversion is

macro-catchment RWH system, in the sense that natural runoff is collected from a

relatively large area and transferred over a long distance.

The hillsides sheet and runoff utilization, which exploit naturally generated runoff, is

also widely used in semi-arid areas. In Tanzania, farms in these areas are called

'mashamba ya mbugani’ and are found throughout semi-arid areas, where crops

grown includes maize, rice, sugar cane, vegetables and bananas. Fields under this

water management practices are attractive not only for their improved moisture

regime, but also because of higher fertility levels (Gowing et al. 1999; Hatibu and

Mahoo, 1999, 2000).

Macro-catchment RWH systems often yield high volumes of runoff and it may be

advantageous to store it in a reservoir or use it to recharge ground water. In semi-arid

and are sometimes known as ‘charco dams or kaffirs'. On the other hand, simple

reservoir formed by micro dams (ndiva) are commonly used in the Pare Mountains

areas in Tanzania, simple reservoir systems are widely used for livestock watering,
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for agricultural and domestic purposes and less frequently used for watering

fishponds.

2.3 Effects of rainwater harvesting on soil and agricultural production

Water harvesting techniques tend to increase the amount of water stored within the

soil and surface catchments, though this does not necessarily affect all soil properties

(FAO, 1991). The effect of RWH on soil properties depends on how the tillage

operation is done (Pearson et al., 1995). Tillage systems have important influence on

soil physical properties (FAO, 2000) and associated chemical and biological

properties (Pearson et al., 1995). The principal soil physical properties that are

mostly affected by tillage are soil density, porosity, pore size, pore size distribution,

soil texture, and infiltration rate (FAO, 2000). Soil fertility and soil temperature are

also affected by tillage systems (Hulugalle, 1990).

The effect of in-situ RWH on soil and agricultural production has been portrayed in

‘ngoro’ pit system. Experiments have shown that, the ngoro technique a cultural

practice used on hillsides in the southern Tanzania, produced higher maize yields in

wet years than cultivation of maize on ridges or on flat (Ley, 1990). The system also

is most effective for preventing erosions as overflow from one pit is trapped in the

next. Other experimental results (Bwana, 2003) have indicated that, ridging before

planting and tie ridging had lower moisture variations and high moisture contents

throughout the season. Further more, the maize yields from ridged plots was 1000 kg

ha’1 equivalent to 33 % more than for no primary tillage (kuberega).
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Rainwater harvesting has enabled farmers to grow marketable crops in dry areas,

providing opportunity for poverty reduction. According to Hatibu (2003) and

Senkondo et al. (1999), research has shown that gross margins obtained by a farmer

improved significantly by adopting this technology. Paddy rice is now a semi-arid

tropic’s (SAT) crop in Tanzania, as the results of improved management of

rainwater. For this reason, farmers have changed from the cultivation of sorghum and

millet, to rice.

2.4 Rainwater harvesting systems and soil fertility

Soil fertility is a major component of soil productivity. According to Stocking

(1994), soil fertility refers to the capacity of the soil to support the growth of plants

on a sustained basis under given conditions of climate and other relevant properties

of land. Ponnamperuma (1975) defined soil fertility’ as the status of the soil with

respect to the amount and availability of the plant nutrients necessary for optimal

growth of a specified crop. The term soil fertility is projected here to encompass not

only essential plant nutrients but also aspects of soil structure, including water

holding capacity and biological activities that influence both efficiency of use and

sustainability of the resource (Pieri and Steinar. 1997).

According to Arshad and Coen (1992). soil depth to a root restricting layer, available

conductivity, aggregate stability, soil organic matter content, nutrient availability,

pH, and electrical conductivity are soil quality indicators that are generally

responsive to management practices. However, the quantification of soil quality

requires specific soil indicators that can be spatially and temporally measured (Smith

or penetration resistance, hydraulicwater holding capacity, bulk density
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et al., 1993). These indicators are mainly soil properties whose values relate directly

to soil quality but may also include policy, economic, or environmental

considerations.

According to FAO (1991), in dry areas, soil fertility is usually the second most

limiting production factor after moisture stress. The physical, chemical and

biological properties of the soil affect the yield response of plant to extra moisture

that is added. The important aspects of soils that affect plant performance under

RWH systems are the texture of the soil. Generally, it is the medium textured soils,

the loams, which are suited for RWH for agricultural purpose. Other aspects include

soil structure and the depth of soil, which is particularly important where RWH is

proposed for supplementary' irrigation. Well maintained fertility levels and high

infiltration rates are also important soil properties.

According to Pierce et al. (1983). soil productivity is the capacity of the soil to

produce specified plant or sequence of plants under a physically defined set of

management practices. Soils high in organic matter and nutrients, of medium texture,

of good tilth, and 1.5 m or deeper are recognized as of high soil productivity. In order

to attain high productivity, it is advisable to increase soil organic content in the

cropping area under rainwater harvesting. Therefore, it is important to note that, for

maximum soil productivity under RWH. soil moisture improvement must match with

availability of plant nutrients so as to continue cultivating the land in a sustainable

way. Research has shown that where RWH techniques are practiced and combined

with soil fertility management. the yield proved to increase positively. In Tanzania

for example, crop yields of maize were twice as much when conservation farming
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practices to increase rainwater infiltration into the soil were combined with soil

fertility management (Hatibu el al., 1993).

In Zimbabwe for example, since 1995, farmers in Chivi village started using

infiltration pits to harvest and temporarily store water that is intercepted by the

contour ridge. Similarly, most of the farmers in Guti village in Zimbabwe have fields

on sandy soils under rainwater harvesting. These farmers have recently developed a

new technique using infiltration pits for composting, which makes it possible to

combine water harvesting and soil fertility management.

2.5 Spatial and temporal variability of soil fertility in rainwater harvesting

areas

According to Hillhorst et al. (2000), a less conspicuous but equally vital issue is the

variability of good quality soil, which provide the nutrients, water and foothold for

plants in both natural and managed ecosystems. Nutrients are transported all over the

world through trade in agricultural products and fertilisers but also, mainly more

locally, by forces such as erosion, deposition, volatilisation and leaching. Although

still in balance at global level, nutrients flow have become unbalanced at lower

spatial scale.

Hillhorst et al. (2000) in the study of managing soil fertility in Africa, found that, the

situation is different in most parts of Africa where the main problem is inadequate

return of nutrients to compensate for losses when crops are harvested and residues

taken elsewhere, or due to leaching and erosion. If insufficient inputs are applied to

available on soil degradation in Africa indicates the gravity of the overall situation,

compensate for these soil losses, soil fertility will decline. The information now
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depletion in sub Saharan Africa, which estimate average annual losses of nitrogen at

22 kg, phosphorus at 2.5 kg and potassium at 15 kg for each hectare of arable land.

Soil fertility variability has been well documented at national, regional and global

levels (Chuma et al., 2000). However, there has been little research on the

importance of variability at farm and field level and how it affects productivity in

small fanning systems. Variations in crop growth caused by diverse soil properties

within the farm are generally more pronounced in low input farming systems where

production conditions are less favourable (Carter and Murwira, 1995).

Variability of soil fertility and moisture in the soil could also be a function of catena

sequence, and this can influence farmers’ management practice. Cater (1993) cited

by Chuma et al. (2000), having illustrated the diversity of land use patterns along a

catenary’s sequence, found that, farmers’ management practices were strongly

influenced by variation in topography and soil type. Hatibu and Mahoo (1999),

having displayed the link and potential of catena on RWH in semi-arid areas in

Tanzania, observed that, an informal land use along the catena exists in many

villages, for exploiting runoff.

2.6 Causes of spatial and temporal variability of soil fertility

Soil fertility management practices employed by farmers are determined by a wide

variety of factors that are largely spatial dependent. According to Scoones and

Toulmin (1999) cited by Hilhorst et al. (2000) three broad categories of factors

influencing soil fertility management practices can be distinguished as biophysical,

socio-economic and institutional. Biophysical parameters include climate, soil types.

as shown by Stoorvogel and Smaling (1990) in their study of the soil nutrients
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crops and livestock. Socio-economic and institutional factors influencing soil fertility

economic policies, marketing support services and credit systems, land tenure, and

research and extension policies.

Soil properties variability is related to spatial and temporal variability of climate. In

the study of the effect of topography and climate on soils of the northwestern slopes

of Mount Kenya, it was found that, the two most important components of climate

moisture and temperature. Moisture is important

because it is involved in most of the physical, chemical and biochemical processes,

including leaching. On the other hand, temperature influences the rate of chemical

and biochemical processes in soils (Mbuvi et al., 1997).

Population is one of the socio-economic and institutional factors that influence soil

fertility management practices, due to over exploitation of land resources, as a result,

. causing fertility variability in spatial and temporal aspect. According to Lompo et al.

(2000), population growth from the 1960s onwards in Burkina Faso has had a major

impact on the production and land management system in Kirsi. In the past,

vegetation was abundant and this helped to maintain high fertility as leaves fell and

decomposed in the soil. As pressure on productive land grew, farmers abandoned the

practice of leaving fields for fallow as they could only survive by cultivating

continuously even if this exhausted the soil.

Another socio-economic and institutional factor that influence variability of fertility

management practices is national policies. Lompo et al. (2000), in the study of

rehabilitating soil fertility in Burkina Faso, observed that, in the past, farmers used

that control soil properties are

management include population density, broader livelihood strategies, macro-
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devaluation in 1994 and structural adjustment policies, prices have gone up so much

beyond the purchasing power of most farmers, who are now using a variety of

organic soil amendments to improve soil productivity. However, the number of

livestock hold is low for most households, though better management may increase

the levels of manure production.

In Zimbabwe, farmers use relatively large amounts of mineral fertilizers, household

waste and cattle manure in crop production. These are used however in various

quantities and a range of ways, depending on their socio-economic status and spatial

and temporal diversity of the fanning environment (Campbell et al., 1995), cited by

Chuma et al. (2000). Farmers’ soil fertility management practices are also closely

related to wealth status (Campbell et al., 1997) cited by Chuma et al. (2000). Wealth

farmers generally possess more farming implements, apply more cattle manure, and

compost and recycle more stover. By contrast, poor households rely more on

household waste and leaf litter. All these create an obvious variability normally in

low input farming environments, where economic status anomalies can’t be avoided.

In Southern Zimbabwe, farmers had experience of adding nutrients through the

application of kraal manure, leaf litter, termitaria, compost, household waste and

inorganic fertilizers. They also had ideas on the timing of application in view of

temporal and spatial variability (Chuma et al., 2000).

According to Mallarino (1998), spatial variability of P and K and other nutrients in

different from the causes of variability on small scale. Soil types, landscape

soils differ markedly among fields. The causes for variability on a large scale are

imported fertilizers to improve soil fertility, but following national currency
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characteristics, previous crops, or proximity to feeding lots usually create variation

over a scale of several hectares. Management practices such as tillage, fertilization,

and manuring create large nutrients variability on a scale of a few meters. In a similar

RWH practices, for example, soil fertility can be improved through adding runoff

water, which normally carries organic matter and sediments containing plant

nutrients into the cropped fields (Sauer et al., 1999; Hatibu and Mahoo, 2000).

Runoff water from the grazing land can contribute to soil fertility if the water is

harvested for crop production. Sauer et al. (1999) compared the quality of runoff

water from soil treated with two types of animal wastes. In this study, poultry litter

and cattle manure and urine were applied to grass plots where artificial rainmaker

was used to supply water equivalent to a rainstorm of 0.02 mms'1. Runoff water from

plots receiving poultry litter had significantly higher concentration of most nutrients

than runoff received from the other plots. This indicates that, the surface runoff water

from grazed animal manure could have a great impact on the water quality.

In a nutrient balance study reported by Smaling and Fresco (1993) for the well-

inventoried Kisii district in Kenya, the net fertility losses in each growing period was

caused by removal of the above ground crop parts, leaching, denitrification and water

erosion. Removal of nutrients by means of harvested product was the strongest

negative contributor to the balance, followed by water erosion, and for N, leaching

also strongly contributed negatively. Soil erosion has also great influence on the

decline of soil fertility on both spatial and temporal scales. Barrows and Kilmer

(1963) found soil erosion to curry away as much as 70% of applied phosphorus

way, variability can be caused by rainwater management practice like RWH. In
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fertilizer in the crop field. In a study of analysis of water quality, Ankumah (1999)

observed that, soil sediments carried 80% of P and 73% of N load in water from

eroded soil. A similar situation exists in the areas where RWH is practiced.

Soil nutrient level variation overtime, may be a consequence of a major leaching

event (Smaling et al., 1993), change in the rate of mineralization of organic matters

or simply a consequence of the effect of changes in soil moisture conditions on the

amount of extractable nutrients. In a review study reported by Larners et al. (2002), it

was observed that, within-field fallow, kraaling, spot application of manure, use of

crop residues and household waste and intentional relocation of settlements,

contributed to temporal variation in soil fertility.

In the semi-arid areas, variability of soil fertility can be caused by salinity problems.

According to Mettemicht and Zinck (1996), salinization - alkalinization is a time and

space dynamic soil degradation process in semi-arid regions. Parent material,

topographic position and dry climate (which favours salt concentration in the top

soils) are the main factors controlling the current spatial distribution of salt - and

sodium-affected areas. In semi-arid areas where rainwater harvesting is applied as

supplementary irrigation, salinity of supplementary irrigation water affects soil

electrical conductivity (EC) (Patel et al., 2000).

Hartsock et al. (2000) noted that, electrical conductivity varied in both space and

time, but the spatial patterns in conductivity were temporally stable. The comparison

of EC and soil fertility elements was also done and it was also found that, EC relates

to factors that affect soil productivity, use, and management and therefore, EC may

be usefill in the preparation of agricultural management plans.
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2.7 Application of GIS and geostatistical analysis in soil fertility mapping

2.7.1 Application of GIS in soil fertility mapping

Geographical Information Systems (GIS) is

hardware, software, and geographical data designed for capturing, storing, updating,

manipulating, analysing, and displaying all forms of geographically referenced

information (Aronoff, 1989). The key capabilities of GIS are handling and analysing

data that are referenced to a geographic location. The potential of the system is most

apparent when the quantity of the data involved is too large to be handled manually.

The term GIS can be used interchangeably with spatial information systems.

According to Laurin and Thompson (1992), spatial information systems are defined

above or below the earth’s surface. Spatial is a term used here to refer located data

for objects positioned in any space, not just geographical, as a term used for other

world space. An information system is used here as a collection of data and tools for

working with the data.

Nearly all the information on RWH systems planning has some geographical or

spatial reality. The data that is available for planning is of different types (spatial and

non-spatial) and from different sources. Using GIS, sharing of information is made

easier and efficient, and it can help planners to think globally while planning locally.

Thus the role of GIS in RWH systems and soil fertility mapping is recognized

starting from data capturing, management, manipulation, data analysis and data

display. In studies involving analysis of objects and phenomena where geographic

location is an important characteristic or critical to the analysis, like RWH systems

as contemporary computer based tools for working with data for phenomena on,

an organized collection of computer
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and soil fertility mapping, GIS has been increasingly used, and it has proved to be a

powerful tool (Mallarino, 1998; Uboldi and Chuvieco, 1997).

According to Mallarino (1998), a study on the improvement of soil fertility

management in Colombia was done using grid sampling, differential global

positioning systems (DGPS) and yield monitors. In this study, data management with

GIS computer software allowed a more detailed evaluation of treatment differences

for different parts of fields and for estimating interactions between response to

fertilization and other growth factors.

Uboldi and Chuvieco (1997) used digital image processing and GIS techniques in the

assessment of current agricultural management in a semi-arid area located in a valley

in Argentina. The study focused on the identification of those sectors affected by

Several soil parameters were included in the GIS in order to obtain a land suitability

map on the basis of certain physical characteristics. The value of spatial analysis in

land use management was greatly enhanced by the use of GIS.

Mettemicht and Zinck (1996) used remote sensing and GIS to map salt and sodium

affected areas in the semi-arid valleys of Cochabamba in Bolivia, by combining

digital image classification with field observation of soil degradation features and

laboratory testing results. Salinity - alkalinity classes were established using

electrical conductivity and pH values. The overall accuracy was slightly low (64%),

but accuracies of 100 percent were obtained for some classes.

over or under utilization and, consequently, to improve current land management.
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Furthermore, Martinez and Zinck (1994) used GIS in the modelling spatial variations

of soil compaction in the Guaviare colonization area in Colombian-Amazonia. They

highlighted the effects of tropical rainforest clearing and poor pasture management

with particular emphasis on fertility depletion and surface layer compaction. They

found out that, there was deterioration of both physical and chemical soil properties.

2.7.2 Application of geostatistical analysis in soil fertility mapping

According to Johnson et al. (2001), geostatistics are statistical methodologies that

use spatial coordinates to help formulate models used in estimation and prediction.

Geostatistical analyst refers to exploratory and interpolation methods that use

information on the spatial coordinates of the data for surface fitting. For sometime,

geostatistical tools have been available, but never integrated tightly with GIS

modelling environments. Integration is important because, GIS analyst could be able

to quantify the quality of their surface models by measuring the statistical error of

predicted surfaces. Map quality is defined as the sum of a maps precision and

accuracy and is quantified as the mean square error of the residuals (predicted minus

measured) obtained with a validation data (Mueller et al., 2000). The quality of soil

fertility maps is fundamental to site-specific fertility management (SSFM). This is

because most SSFM recommendations are based primarily on whole field traditional

fertility recommendations. Factors that affect map qualities include the nature of soil

variability, intensity of sampling and method of interpolation.

Mueller et al. (2000) in the study of soil fertility map quality studied the impact of

spatial structure, grid sampling intensity and interpolation techniques on the accuracy

of soil fertility maps in several fields in Kentucky. The fields were sampled on a 30m
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grid and the samples were analysed for pH, P and K. The data were interpolated with

geostatistics analysis tools (Kriging and inverse distance squared). The root mean

square errors (rmse) were calculated using an independent check data set. The results

showed that, although the data were spatially structured, most predictions were poor

at the 30m-grid scale.

According to Mueller et al. (2000), among many factors influencing economic crop

responses include soil fertility levels. Field scale variation in soil fertility can be a

major source of uneven crop growth on soils of arid and humid tropics (Dobermann

et al., 1995). Field scale variation directly affects farmers’ performance but also

remains a major problem for the design and analysis of field experiments. Soil

heterogeneity is usually not considered in defining indices of soil fertility or land

quality, but uneven crop growth may be quite pronounced (Herrmann et al., 1994).

Dobermann et al. (1995) in their study on source of soil variation in an acid Ultisol in

the Philippines used the special tool of geostatistical analysis and the factorial

Kriging (FKA) to analyse processes causing spatial variation in soil chemical

properties (pH, P, K, Na, Ca, Mg, and Al). Soil samples were measured at two depths

within a single field. The factorial Kriging was applied to the data to identify,

interpret and map the processes causing spatial variability of soil fertility

characteristics. The results showed that, those multivariate geostatistical techniques

such as FKA were suitable for distinguishing the different processes causing spatial

variation at different scale. The intensive vertical and lateral soil water flow

determined the spatial variation of most soil chemical properties studied. Some
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superimposed processes acting at different spatial scale over different time are

inherent factor of soil genesis, whereas specific types of land use affect others.

According to Smith et al. (1993) in the study of evaluation of soil quality, multiple

variable indicator kriging (MVLT), a geostatistical technique was reported as the

method that could be applied on a small scale basis (e.g. an individual field or farm)

or on larger scale (e.g. growing region) depending on the number and locations of

soil samples.

According to Kuzyakova et al. (2001), application of geostatistics was used in the

processing of soil and agrochemical studies. In this study, enhancement of

experimental data processing was highly portrayed. Application of Kriging,

particularly, the advantage of the analysis of smoothed maps, was demonstrated and

the role of geostatistical techniques in the design of field experiments was shown. In

this study, analysis of variograms leads to important conclusion on the reasons

behind the variation in soil parameters and their correlation.

The above cited studies demonstrate the feasibility of geostatistics, GIS, GPS

mapping and laboratory soil testing for studying and evaluating soil fertility status

and variability under rainwater harvesting systems.
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CHAPTER THREE

3.0 MATERIALS AND METHODS

3.1 Description of the study area

3.1.1 Location

45 and 37° 54 East. The location of the study area is shown in the map in Figure 3.1.

The study area lies along the Moshi - Dar-es-salaam highway, about 140 km from

Moshi town, Tanzania. It stretches from the main road up to the South Pare

Mountains, and on the other side of the road, it extends some few kilometers towards

the Makanya lowlands. The area is located on the western slopes of South Pare

Mountains on the leeward side, at an elevation between 600 m and 2500 m above

mean sea level (amsl).

Three case study villages were selected based on the intensiveness of RWH

practiced, and their location along the toposequence in the catchment, which could

assist in the assessment of the effect of runoff on nutrient movement. The study was

carried out in three villages namely, Makanya, Mwembe and Tae, representing three

toposequence classes, that is the upper (top hill), mid and lowlands. Tae village is

located in the top hill and upper slopes of the mountain. Mwembe is found in mid

slopes of the mountain, and Makanya is located in the lowlands.

The study area is located between latitudes 4° 8 and 4° 25 South, and longitudes 37°
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Figure 3.1. Geographical location of the study area
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3.1.2 Rainfall and temperature

The rainfall pattern in the study area is bimodal, with mean annual rainfall of

approximately 400 - 600 mm. The short rains (Vuli) start in November and extend to

January. The long rains (Masika) start in March and extend to May. The Vuli rains

are lower and less reliable than the Masika rains. The long-term rainfall distribution

at Hassan Sisal Estate in Makanya (Figure 3.2), and Suji Mission in Tae (Figure 3.3)

represent rainfall pattern in the lowlands and the mountain, respectively. The

mountains profoundly affect the climate of the area. Agroclimatically, the study area

is classified as sub-humid in the mountains with an annual mean rainfall > 600 mm

to semiarid in the lowlands with an annual mean rainfall range between 400 and 600

mm.

Mean monthly temperature in the study area range from 16° C during the coldest

months (July to August) to 32° C during the hottest month (January). The minimum

temperature range from 13° C to 23° C during the coldest months, and the maximum

temperature range from 20° C to 36° C during the hottest months.
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Figure 3.2. Mean monthly rainfall pattern at Hassan sisal estate from 1990 - 2002.
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3.1.3 Topography

The topography of the Makanya village is flat with gentle slope and the altitude

ranges between 600 m and 700 m amsl. Mwembe village is located on the western

gentle slopes of South Pare Mountains and the altitude ranges between 900 m to

1500 m amsl. The terrain of Tae village is hilly with steep slopes. The village is

located on the upper slopes of the mountains. Its altitude ranges between 1200m to

2000 m amsl.

3.1.4 Vegetation and land use

Fairly uniform vegetation cover characterizes the Western Pare Lowlands. A

significant portion of the area is presently scrubland, thicket, with some pockets of

woodland and grassland. A few scattered shrubs and trees, mainly acacia species

occur throughout in the Western Pare lowlands. The foot slopes of the Pare

Mountains are dominated by shrub, and some pockets of wooded grassland but do

have a relatively large area occupied by small trees and shrubs, which again are

mostly acacia species. Thickets, scrub and some wooded grassland characterize the

lowland. In the mountains, remnants of natural vegetation or forest can still be

observed.

Land use is dominated by agricultural use and includes crop production and

livestock. In Tae village, the dominant farming system is maize - legume -

vegetables - livestock. Crop production system commonly used is agro-forestry,

which involves coffee and banana, maize -beans, vegetables — cabbage, tomatoes,

carrots, swiss chard, paprika, and taro. A few zero grazed animals are the dominant

livestock rearing system. In Mwembe village, the dominant farming system is maize
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mixed with maize as the main

crop. In Makanya village, the dominant farming system is maize - livestock. The

main crop cultivated are maize and lablab and to a small extent beans. Livestock kept

include cattle, goats, sheep, donkeys and chicken. Free range grazing is the dominant

livestock system.

3.1.5 Drainage pattern

In the study area, the whole western part of the catchment drains to Makanya through

one point. Two drainage systems, one originating from Tae area (Mangoloma river)

and another one from Mwembe, Chome and Vudee (Vudee river), join together at

Kimunyu in Mgwasi village. Just below this location, sisal effluent is discharged to

Makanya river. This stream crosses both the Dar-es-Salaam - Moshi road and the

railway line. Soon after the Railway Bridge at Makanya, the runoff from the main

stream leading to Pangani river is diverted to crop fields through numerous channels

made by farmers. Similarly, diversion of runoff is done in the villages in the

catchment area where drainage systems begin or pass through.

3.2 Determination of soil fertility status

3.2.1 Soil sampling

A participatory reconnaissance survey was done for the three villages Tae, Mwembe

and Makanya for selecting crop fields. Based

crop fields were selected randomly from each village for soil sampling, representing

crop fields from each indigenous land suitability classes. Indigenous land suitability

class refers to land classes as

suitability for crop production by using indicators such as plant, soil and water

on the reconnaissance survey, survey

- legume - vegetables. Beans, peas and lablab are

perceived by farmers and ranked based on their
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availability (Table 3.1a - 3.1c). Soil samples were collected from selected crop field

for laboratory analysis in order to establish the current soil fertility status of the study

area.

Composite soil samples each constituting of 10 sub samples at a depth of 0 - 30 cm

within the crop fields were collected using a soil auger. Overall, eight composite soil

samples were collected in Makanya village, 10 in Mwembe village and 13 in Tae

village. These composite samples were collected from different RWH systems and

the sampling distribution is shown in Appendix 7.

Table 3.1a. Local indicators and attributes of indigenous land suitability class I

Attributes

Soils

Plants

Key: Makanya means respective attribute is most applicable in Makanya village 
Mwembe means respective attribute is most applicable in Mwembe village

Yields
Terrain status 
and location

• Plant growth vigour: Mingurere (Makanya)
• Presence of pants that survive even during the dry season (Mwembe)
• Good crop growth
• Presence of the following plants: Ziga, Ibarasa, Mirangare

(Msosango), Makonje, Makongwe (Ikongwe or Likongwe)________
• Normal maize yield ranges 2500 - 1000 kg ha'1 (Makanya)
• Good water movement (areas with gentle slope)

• High availability of runoff (Makanya)
• Water supply is reliable throughout the year (Mwembe)
• No need of fertilizer (very fertile soil)
• Low frequency of watering
• Soil colour is black
• Sub soil is black, most, crack when is dry (Mwembe)

Local 
indicators 
Water
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Table 3.1b. Local indicators and attributes of indigenous land suitability class II

Attributes

Plants

Table 3.1c. Local indicators and attributes of indigenous land suitability
class III

Attributes

Plants

Terrain status 
and location

Local 
indicators

• Presence of the following plants: Ndulele (tula), Ziga indicates high 
water holding capacity, plants are green even during dry season

• Mabalanga indicates low fertility

Medium availability of runoff (Makanya)___________________
Soil become softer or powdery which is recognized during tillage 
Sandy soils are less fertile
Presence of excessive sedimentation
Colour is black or dark for fertile soil
Colour is black (Mwembe)
Texture is sand clay loam (tifutifu)_________________________
In good seasons the land productivity is very high
Fair vegetation density
Vegetation growth vigour (Mwembe)
Presence of the following plants: Sangari (coach grass), Lantana 
camara, Barasa (paniccum species), Zinga (Izinga), Ikongwe 
(Comelina), Vimbara (Bidens spp or blackjack) (Mwembe)

Water 
Soil

Local 
indicators 
Water 
Soil

Poor availability of runoff (Makanya)_____________________________
• High water holding capacity: If water get in once one will harvest
• The soil is reddish
• Compacted soil does not permit infiltration
• Dark coloured or reddish heavy soils (cracking when dry)

• Poor crop performance
• Dominancy of cyperous rotundus 

Low lying areas
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In Makanya, three crop fields, each representing land suitability class as ranked by

135 m was

land class two, and the third plot of 75 x 75 m selected from land class three. This

selection pattern was made in order to assess spatial variability of soil fertility within

crop fields (field scale) in the lowland (runoff receiving) of the study area. Soil

samples were collected from the fields in regular grid cells of 15 x 45 m width. At

each grid cell, 5 soil sub samples, one collected at grid center point and four sub­

samples collected randomly, were obtained using a soil auger to a depth of 0 - 30 cm

and these samples were combined to form a composite sample.

3.2.2 Soil analysis

The composite soil samples were air dried, ground and sieved through a 2mm sieve.

The sieved soil samples were used for the characterization of the physical and

chemical properties of the soil. For the purpose of determining soil fertility status, the

following chemical properties were determined: soil pH, organic carbon, extractable

phosphorus, total nitrogen, and exchangeable bases of Ca, Mg, Na, and K. Physical

properties analysed were soil particle size distribution, and electrical conductivity.

Soil pH was measured in 1:2.5soil:water suspensions as described by Thomas

(1996). The available phosphorous was determined using the Bray-I procedure (Kuo,

1996). Total organic carbon was determined by the wet digestion method of Walkey

and Black (Nelson and Sommers, 1996). The total N was determined by the semi

farmers were selected for more intensive soil sampling. A plot of 45 x

chosen from land suitability class one, another plot of 60 x 90 m was selected from
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micro-Kjeldhal procedure (Bremner, 1996). The exchangeable bases were extracted

by the ammonium acetate buffered at pH 7.0 method as described by Sumner and

Miller (1996). The electrical conductivity was determined by the procedure as

determined by Bouyoucos hydrometer method (Gee and Bauder, 1986) and the

resulting textural class by the USDA textural triangle (USDA, 1975).

3.3 Determination of nutrients in runoff rainwater

3.3.1 Runoff water sampling

Runoff water sampling was done every time when there was an episode of runoff in

river Makanya. Water samples were taken at a point about 100 m to an outlet point

(around Kimunyu in Mgwasi village) of Vudee Ephemeral River running from

Mwembe, Vudee and Chome villages. Similarly, other water samples were collected

at a point, about 100 m to an outlet point of Mangoloma Ephemeral River, flowing

from Tae village; and at Makanya road bridge near to a distribution point of runoff in

Makanya cropland. Water samples were collected during short rains, dry season and

long rains in the catchment area.

To determine the amounts of nutrients received by individual crop fields, water

sampling points were located along the small channels draining runoff rainwater into

the fields. Both water sampling and volume quantification of runoff rainwater in the

complemented to the measuring of nutrient density received in the fields.

Distribution points of water sampling are shown in the Figure 3.4.

described by Rhoades (1996). Particle soil distribution of the fine earth was

field was done simultaneously. This was done because both parameters
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More samples were collected from Tae village in the catchment area, near the

determine plant nutrients in water in the top hill area. First set of samples was

collected during short rains (“vuZi”), the second collected during long rains season

(“masikd"1), and the third sample was done during short dry season (Kipupwe).

Water samples were collected using clean 1500 ml capacity plastic bottles. Bottles

were labeled, capped and sealed using a masking tape. The number of water samples

and their distribution are shown in Table 3.2.

Table 3.2. Water samples collected during fieldwork.

Water sample location Number of samples

4 (masika) and 5 (vuli)9Makanya main stream

2 (masika) and 6 (vuli)8Minor stream (tributaries)

MasikaChannels in the crop fields 7

Tae village 4

yuliNatural forest in Mwembe village 1

Rain season when samples was 
collected

1 (masika), 2 (vuli) and 1 during dry 
season

Shengena forest reserve. Water samples from Tea village were collected, in order to
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Figure 3.4. Map ofMakanya river catchment showing distribution of rainwater 
sampling points.
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3.3.2 Determination of volume of runoff water received in the selected crop

fields in the lower zone (Makanya village)

The flow of harvested runoff was measured using control sections method (James,

1988). The flow was determined by using a Parshall flume installed in the channel.

The head-discharge equation (1) was used for free flowing Parshall flume. That is

when the tailwater does not affect the head upstream of the throat.

(1)For S < S,

Where Q = discharge (1/s);

Cf= coefficient;

H = head (m);

np = flow exponent;

K = unit constant (K = 3.28 for H in m.);

St = transition submergence.

Free-flow conditions exist when the tailwater depth is not high enough to affect flow.

A flume is considered to be submerged when the tailwater depth is sufficient to

affect the flow and the submergence ratio, S, (equation 2), exceeds the transition

submergence St.

(2)

Where S = submerged ratio;

hd s = —

Q = c,(KH)n'
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hd = head downstream of throat (m);

hu = head upstream of throat (m).

3.3.3 Runoff water analysis

The water samples were analysed for pH, electrical conductivity (EC) and the soluble

described under section 3.2.2.

3.4 Questionnaire survey and analysis

A questionnaire survey was conducted to collect information on how farmers address

the variability of soil fertility in crop fields under RWH systems, to determine the

soil fertility problems and available options for managing soil fertility, to understand

farmers perceptions of changes in soil fertility, the type of crops grown, and fertility

management practices, and finally to determine household characteristics such as

age, education, family size, landholding, and livestock keeping.

The information was obtained through interviews based on questionnaires (Appendix

1). The respondents were randomly stratified selected from the village records of

head of household farmers. The strata were the men and women heads of household

farmers. Ten percent (10%) of heads of household farmers were sampled and

interviewed from each selected village. A total of 144 respondents from Tae (43),

Mwembe (47) and Makanya (54) were interviewed.

Similarly, a second and small questionnaire (Appendix 2) was developed during the

execution of the first questionnaire survey to capture the detailed information on the

bases of Ca, Mg, K and Na. The analysis was done using standard procedures as



38

assessing the input of fairly available animal manure in the improvement of soil

fertility. Extra 30 questionnaires were administered in Makanya village based on the

potential of livestock farming in the village compared to other two villages. All

questionnaire responses were organized into manageable groups and analysed using

the statistical package for social sciences (SPSS).

3.5 Mapping of soil fertility spatial patterns in the study area

Soil fertility mapping in the study area was done based on the results of nutrient

status, which included total N, exchangeable bases of K. and Na, EC, and soil pH.

Surface analysis for spatial soil fertility patterns was done based on integrating soil

properties and GPS sampling points using Arc View GIS (ESRI, 1996), Spatial

Analyst (ESRI, 1996), and Geostatistical Analyst Software (ESRI, 2001). Map

surface interpolation was executed using Universal Kriging. The generated cell

values were then classified in ranges and colours to indicating the value range classes

pattern distribution for these nutrients.

use and management of animal manure that appeared to be missing. This aimed at

for each property. Three areas along toposequence were mapped for the spatial
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CHAPTER FOUR

4.0 RESULTS AND DISCUSSION

4.1 Some of the properties of the soils on the Makanya river catchment

on the Makanya river catchment were as given in Figures 4.1 - 4.7 and Appendix 9.

The data illustrates patterns and quantities of the nutrients and other soil properties,

which influence soil fertility within the toposequence zones on the catchment, in the

study area.

Clay (%) Silt (%)Sand (%)

RangeRangeVillage name Range
Mean

ToFrom To

24.8 6.0 28.2 12.534.463.6 19.4Makanya Lower 78.652.5

26.0 2.7 14.1 7.840.5Mid 12.080.6 66.2Mwcmbc 45.4

6.1 16.5 9.836.1 23.213.8UpperTae 75.9 67.052.5

Soil particle size distributions along the toposequence on the catchment are presented

in Table 4.1 and Appendix 9. Soil particle size distribution patterns along the

toposequence (Figure 4.1) show that, sand sized particles were dominant, followed

by clay and silt, respectively. The silt percentage differences in the catchment zones

is not significant, however, the relatively high percentage of silt fraction in the lower

Toposequenc 
czone 

Table 4.1. Soil particle size distributions along the toposequence on the 

catchment

Some of the properties of the soils in the lower, mid, and upper toposequence zones

Mean --------
From

Mean----------------
From To
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rainwater through RWH practices as a consequence of removal of topsoil by runoff

rain water in upper catchment area. The soil textural classes in the area ranged from

loamy, sandy loam to sandy clay loam. The dominant soil textural class in the area

was sandy clay loam. This soil textural class would favour RWH practices, because

of the high water holding capacity particularly if the 2 : 1 clay minerals are dominant

in the clay fractions of the soils (FAO, 1991).

v i!

Figure 4.1. Soil particle size distributions pattern on the Makanya river catchment

The soil pH (H2O) along the toposequence on the catchment is presented in Figure

4.2 and Appendix 9. The results show that, the pH of the soils on the catchment

ranged from 7.67 to 8.35 with a mean of 8.06, 6.90 to 8.25 with a mean of 7.40, and

5.22 to 7.75, with a mean of 6.67 in the lower, mid and upper zones, respectively

(Appendix 9). According to Landon (1991), these pH values are categorized as

80.0
70.0
60.0
50.0
40.0
30.0

20.0
10.0
0.0 .

0) o
CD
Q.

9
Lower Mid

Makanya Mwembe

a Sand (%) oCiay(%) oSiit(%j

■ 'j
Upper

Tae

zone on the catchment could be associated with deposited sediments by runoff
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mildly alkaline to moderately alkaline, neutral to moderately alkaline, and strongly

acid to mildly alkaline in the lower, mid and upper zones, respectively. The results

show that, there was an incline trend of pH reaction from upper, mid to lower zone

(Figure 4.2). The high soil pH values in the lower and mid zones may be due to

limited rainfall to cause leaching, and magnified by the deposited soluble salts

carried by the rainwater runoff. Further, this may be an indication of the presence of

soluble salts in the area, probably due to basic nature of the parent materials of the

soils. Soils with these pH values are considered to be suitable for irrigation as the

values for satisfactory irrigated cropping are in the range of 5.1 to 8.5 (Maletic and

Hutching, 1996).

8.50

8.00

6.50

6.00

Figure 4.2. Soil pH pattern on the Makanya river catchment

The results show that, the electricalpresented in Figure 4.3 and Appendix 9.

Upper

Tae

Lower

Makanya

Mid

Mwembc

7.50
X ex

7.00

The electrical conductivity values along the loposcquence on the catchment is
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conductivity of the soils

and 0.05 to 0.33 mS/cm, with a mean value of 0.12 mS/cm in the lower, mid and

upper zones, respectively (Appendix 9). The EC patterns distribution shows that, the

EC values decreased as altitude increases along the toposequence (Figure 4.3). Soils

with EC values ranging from 0.05 to 0.68

1991), or salt free (EUROCONSULT, 1989). Nyambilila (2003) observed that the

soils in Kisiwani, Gonja, Ndungu, and Kihurio in Same district were salt free. The

EC patterns are well related to the soil pH pattern along the toposequence. The EC

and pH values in the area decrease as altitude increase. The high value of EC in

Makanya village is related to the depositional effect of nutrients particularly the basic

cations from the upper slopes. Further, the scant rainfall in the area do not create

effective environment to wash out the deposited nutrients, as a result, during the dry

evaporation.

0.25

0.20

0.15

0.10

0.05

0.00

Figure 4.3. Electrical conductivity pattern on the Makanya river catchment
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Makanya

Mid

Mweinbc
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Tae
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are considered to be non-saline (Landon,

on the catchment ranged from 0.11 to 0.40 mS/cm, with a

season these nutrients are brought up to the surface through the process of

mean value of 0.23 mS/cm, 0.05 to 0.68 mS/cm, with a mean value of 0.20 mS/cm,
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The percentage organic carbon content along the toposequence on the catchment is

presented in Figure 4.4 and Appendix 9. Results indicate that on the catchment, the

percentage organic carbon of the soils ranged from 0.62 to 2.13%, with a mean of

1.21%, 0.55 to 2.42% with a mean of 1.51%, and 0.72 to 3.72% with a mean of

1.95% in the lower, mid and upper zone, respectively (Appendix 9). According to

Landon (1991) the percentage organic carbon values are categorized as low to

medium, very low to medium, and low to high, respectively. The results pointed out

that, pattern distribution of organic carbon tend to be high in the upper zone and

relatively low in the mid and lower zones (Figure 4.4). The percentage organic

carbon contents in the soils are similar to those from other studies done on the same

watershed area. According to Nyambilila (2003), the percentage OC contents of soils

from Kisiwani, Ndungu and Kihurio in Same district ranged from very low to very

high. It was concluded that, many soils from these areas seem to be low in organic

carbon. This problem is common in many soils in the semi-arid areas and this may be

the consequence of limited vegetation, as a result of low and unreliable rainfall

(Figures 2.2 and 2.3, and Appendix 5). The scanty vegetation affects very much the

agronomical and fertility management practices due to non-retum of crop residues to

the soil. The problem is magnified further by the farmers’ practices of burning

vegetation in the fields and using some of the crop residues and remains as animal

feeds, and hence loss (non recycling) of nutrients in the fields. The implication of

low OC hence soil organic matter is low water retention capacity, poor soil structure,

low nutrients retention capacity and low micro-organisms activities. The water

retention capacity of the soil is a very important soil property in RWH systems. This
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is due to low and unreliable rainfall as a result, soil need to retain enough water in

order to overcome the dry spell during the active growing stages of the plants.

2.50 -

2.00

1.00

0.50

0.00 .

Figure 4.4. Organic carbon pattern on the Makanya river catchment

The total nitrogen contents along the toposequence on the catchment are presented in

Figure 4.5 and Appendix 9. The results indicate that, the percentage total nitrogen

contents in soils on the catchment ranged from 0.13 to 0.47 % with a mean of 0.25

%, 0.08 to 0.35 %, with a mean of 0.22 %, and 0.08 to 0.55 %, with a mean of 0.33

% % in the lower, mid and upper zone, respectively (Appendix 9). According to

Landon (1991), the soils from these zones had low to medium, very low to medium,

very low to high percentage total N in the lower, mid and upper zone,and

respectively. Fertility patterns along the toposequence showed that, the percentage

total N (Figure 4.5) was relatively high on the upper zone, followed by the lower

zone and the least content was on the mid zone. Nyambilila (2003) reported similar

levels of total nitrogen content in Same district. The total N contents correlate very

Mid

Mwembc

Upper

Tae

Lower

Makanya

£ 1-50
oo
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well with OC contents in the study area. This indicates that the main source of N in

the soils in this area would be organic matter. Nitrogen is the most limiting plant

nutrient in most cultivated soil, where the mean total nitrogen is almost 0.15 %, and

ranges between 0.02 to 0.5 % (Landon, 1991).

0.35

0.30

0.25

0.20

0.15 -

0.10

Figure 4.5. Total nitrogen pattern on the Makanya river catchment

The extractable (available) phosphorus content (Figure 4.6 and Appendix 9) in the

lower, mid and upper zones of the catchment ranged from 39.49 to 81.16 mg/kg,

with a mean of 56.48 mg/kg, 6.75 to 79.25 mg/kg, with a mean of 39.51 mg/kg soil,

and 0 to 67.36 mg/kg, with a mean of 14.17 mg/kg soil, respectively (Appendix 9).

The pattern along the toposequence (Figure 4.6) shows that, extractable P content

distribution was high in the lower zone and decreased towards the upper zone in the

mountains. Comparing these levels to the standard rating of P (Bray I) for

agricultural crops (Landon, 1991), the soils in the lower zone had high P contents,

Lower
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Upper
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while in the mid and top hill zones had low to high P contents. Nyambilila (2003)

observed medium P in soils in parts of Same district. This may suggest that, the

parent materials in the area are rich in phosphorus. High P values observed in the

lower zone (Makanya village) could probably be the effect of natural erosion, as Tae

and Mwembe villages are located on the mountain slopes which are the removal

areas, while Makanya village is the depositional area. The high amounts of P content

cannot be accounted for by the application of P fertilisers because from the

questionnaire survey, farmers in the study area don’t use P fertilisers. On the other

hand, the percentage organic carbon contents in the soils range from medium to high

levels, hence available P are not associated with the soil organic matter based on the

very low percentage P contents in organic matter (less than 0.5 %). The implications

of the high P contents in the soil could create nutrients imbalance with respect to

nitrogen, particularly in Makanya and Mwembe villages, and the consequence of this

may result to early maturity and stunted growth of plants.

60.00

50.00

40.00

30.00

20.00

10.00

0.00

E

Mid

Mwembe

Upper

Tae

Lower

Makanya

Figure 4.6. Extractable phosphorus pattern on the Makanya river catchment
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The exchangeable bases Ca, Mg, K. and Na contents along the toposequence on the

catchment are presented in Figure 4.7 and Appendix 9. The results show that, the

exchangeable K on the catchment ranged from 1.40 to 2.65 cmol(+)/kg, with a mean

value of 1.76 cmol(+)/kg soil, 0.31 to 2.80 cmol(+)/kg, with a mean of 1.39

cmol(+)/kg soil, and 0 to 2.65 cmol(+)/kg, with a mean of 0.45 cmol(+)/kg soil in the

(1991), the exchangeable potassium of the soils was categorized as being very high

medium to very high and very low to very high in the lower, mid and upper zones

respectively. Nyambilila (2003) reported medium to high exchangeable K ir

Kisiwani, Kihurio, and Kimunyu in Same district.

Figure 4.7. Exchangeable bases pattern on the Makanya river catchment
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lower, mid and upper zones, respectively (Appendix 9). According to Landor



48

The exchangeable Ca in the soils on the catchment ranged from 7.35 to 22.57

mean of 10.60 cmol(+)/kg soil, and 2.37 to 19.23 cmol(+)/kg with a mean of 9.91

cmol(+)/kg soil, in the lower, mid and upper zones, respectively (Appendix 9). Also,

exchangeable Mg content in soils on the catchment, ranged from 4.08 to 7.93

mean of 4.34 cmol(+)/kg soil and 1.34 to 5.66 cmol(+)/kg with a mean of 4.27

cmol(+)/kg soil in the lower, mid and upper zones, respectively. Exchangeable Na

content in soils on the catchment ranged from 2.04 to 3.40 cmol(+)/kg with a mean

of 2.70 cmol(+)/kg soil, 1.76 to 3.94 cmol(+)/kg, with a mean of 2.53 cmol(+)/kg

soil, and 0.95 to 3.67 cmol(+)/kg, with a mean of 1.85 cmol(+)/kg soil in the lower,

mid and upper zones, respectively. The pattern distribution of these exchangeable

bases (Figure 4.7) indicate that, Ca, Mg, K and Na were tending to decrease

toposequence wise on the catchment in the direction of elevation increase. Relatively

high contents were registered on the lower zone. Overall, exchangeable Ca content

was very high in the study area and could be attributed to the high contents of Ca in

the parent materials (rocks and minerals) of the soils on the catchment.

rated as very high (Landon, 1991) and on the mid zone, as high to very high. On the

upper zone, Ca and Mg were rated as medium to very high, and Na ranked as high to

very high. In similar areas in Same district, Nyambilila (2003) observed that, Ca

content were medium to high, while Mg was adequate and Na levels ranged from low

to high. However, all the soils with high exchangeable Na were found to be non­

Calcium, magnesium and sodium exchangeable bases content in the lower zone were

cmol(+)/kg with a mean of 5.67 cmol(+)/kg soil, 3.06 to 9.83 cmol(+)/kg with a

cmol(+)/kg, with a mean of 14.53 cmol(+)/kg soil, 4.41 to 20.95 cmol(+)/kg with a
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sodic. The exchangeable bases in the soils on the catchment would not limit crop

production. The high Ca, Mg, and Na contents in the soil would be accounted for the

possibility of their high contents in the parent materials of the soil. Another reason

that can explain the high basic exchangeable contents values in the soils is minimum

leaching which is associated with low rainfall in the area. This is complemented with

sediments deposited by the runoff rainwater through RWH by diverting runoff,

particularly in the lower zone into crop fields. Based on the mean values, the basic

exchangeable cations contents are well correlated with pH and EC of the soils in the

area because all these properties have shown similar trends.

4.2 Spatial variations of soil fertility patterns on the Makanya river catchment

The spatial distributions of the selected soil fertility attributes namely soil pH,

electrical conductivity, total nitrogen and exchangeable bases (K and Na) were

mapped as shown in Figure 4.8. These spatial surface maps were developed based on

soil properties and soil sampling points coordinated by GPS receiver, and spatial

patterns were analysed using Arc View GIS and Geostatistical analyst.

The spatial pattern distribution of EC values on the mid and upper zones along the

toposequence seems to be quite homogeneous almost throughout the respective study

sites. The EC values are essentially below 0.2 mS/cm in these areas. The low EC

values is a reflection of the removal of basic cations and soluble salts either through

water erosion or leaching as a consequence of relatively high rainfall in the upper

and mid zones. The remaining area comprising the valley bottom, EC values range

from 0.2 - 0.6 mS/cm, except the small patches found on the bottom comer of the

mid zone which indicate to have relatively high values (0.6 - 0.8 mS/cm).



50

- Soil pH
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Figure 4.8. Maps of the soil fertility attributes in the selected sites along the
topo sequence in the study area

The electrical conductivity in the lower zone (Makanya) of the catchment portrays

different pattern distribution as compared to the mid and upper zones. EC values in

this area seem to fall into three classes. The dominant class includes the area
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surrounding the receiving area of rainwater runoff where the EC values range from

0.2 - 0.4 mS/cm. A patch which EC values range from 0 - 0.2 mS/cm is surrounded

by the dominant class. The bottom part in this zone shows to have relatively high EC

values (0.4 - 0.6 mS/cm). The EC values found in the lower zone are the same as

values obtained in bottom part of the mid and upper zones on the catchment. This

suggest that accumulation of exchangeable basic and soluble salts through harvesting

rainwater runoff, either by diverting runoff as is in the lower zone (Makanya village)

or side hill sheet/rill runoff utilization as noted in the mid and upper zones, could

explain source of this spatial variation patterns in the study area.

Spatial patterns distribution of soil pH and exchangeable K. in the study area

indicates some common patterns. In the mid and upper zones on the catchment, K

showed to be low in elevated terrain areas, and relatively high in the valley bottoms.

Similarly, soil pH level in the upper zone showed to increase from the upper slopes

to the bottom. Soil pH in the mid zone is almost uniform (7.3 - 7.8) throughout the

area, except two small patches that range from 7.8 to 8.4. In the lower zones, soil pH

under RWH practice. In the whole study area, the cause of the spatial pattern

variation is possibly associated with slope facet and RWH practices. Runoff tends to

erode surface soil, which accumulate on the lowlands thus the enrichment of the

runoff receiving area. The concept of accumulation of nutrients in the lowlands is

highly displayed in the distribution of these fertility attributes in the study area.

Hatibu and Mahoo (1999) reported similar argument in the tropic semi-arid areas, of

Tanzania, where high value crops like vegetables are grown.

and exchangeable K concentration values are relatively high and uniform in the area
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Spatial patterns distribution of the total nitrogen along the toposequence in the study

area indicated that, in the upper zone of the catchment, almost more than half of the

area has higher than 0.2 percent of total nitrogen. On the mid zone, almost the entire

the valley bottom parts (along the ephemeral river of Mwembe) shown to have

relatively higher value of total N (0.2 - 0.5 %). In the lower zone of the catchment,

total N is delineated into several distinct areas. The receiving area of rainwater runoff

and the tail area that receive runoff occasionally had relatively high (0.5 - 1.0) total

N percentage, while the remaining area, contain below 0.5 total N percentages. The

reasons that can be given for the receiving area to contain high total N percentage is

possibly due to surface soil organic matter contained in the harvested rainwater

runoff. The decrease of total N on the mid part of the lower zone is probably caused

by the small amounts of runoff received at the same time, the vegetation is very

sparse. Unless the rainfall is high as was in 1997/98 elnino rains, otherwise runoff

harvested decreases as you move away from the receiving area. The tail part has

high value of total N (0.5 - 1.0 %), possibly due to limited plant growth, as a

consequence to limited water availability hence reduced removal of N from the soils

by plants. The upper zone of the catchment has relatively high percent N content (0.2

— 1.0 %), possibly due to high vegetation available in the area. Based on the rainfall

data, (Figures 2.2 and 2.3, and Appendix 5), the upper zone of the catchment has

relatively high rainfall, thus high vegetation is expected, hence high organic matter.

Neue and Snitwongse (1988) reported organic matter to be the main source of

available nitrogen in most soils.

area has total nitrogen percent below 0.2 and this comprise steep slope areas, while
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Spatial patterns distribution of exchangeable sodium in the upper zone of the

catchment in the study area shows that, the highest values of Na (above 2.0

cmol(+)/kg) are found on small patch on the hill slopes area and in the area located

supported by RWH practices. The high concentration of extractable Na, most

probably could be due to enrichment as a result of runoff that is normally stored

overnight in the micro-dam (ndiva).

Plate 1: Micro-dam (ndiva) made of stones

In the mid zone on the catchment, higher sodium contents are prominent on the

sequence. Thus, the spatial patterns of exchangeable Na is probably more controlled 

by terrain and associated with natural RWH.

valley bottoms, and decreasing towards steep slopes. In other words, sodium 

concentration decreases with topographic position, and it follows the slope facet

on the foot slopes. The foot slopes area is where the agricultural activities are
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In the lower zone in Makanya village, higher concentrations of extractible Na (above

2.0 cmol(+)/kg) are shown in the receiving area, and it tends to decrease downwards.

This could be explained by the area being the runoff receiving area, and associated

with RWH practice particularly macro-catchment techniques. However, this

influence is not evenly distributed, as it tends to decrease downwards following the

existing gentle slope.

The overview of soil fertility attributes maps indicated that, some nutrients in the

catchment zones in the study area increase with terrain elevation and others

decreased as elevation on the terrain increases. On the other hand, some soil fertility

attributes exhibited different distribution patterns and this was found to be common

in the lower zone. It was observed that, where macro-catchment RWH system by

diverted rainwater runoff is practiced, the distribution patterns of soil fertility is

related to water.

4.3 Factors contributing to soil fertility variability under RWH systems on the

Makanya river catchment

The understanding of the factors contributing to the spatial fertility variability is

important as this would contribute to future agricultural and environmental

management plans for the Makanya river catchment. Spatial fertility variability

determines how the agricultural land will be managed in the most productive and

sustainable way, and to conserve environmental and natural resources.

Therefore, factors contributing to soil fertility variability in the area were one of the

focal points. Three key factors namely, runoff water quality, runoff rainwater
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quantity, fertility management practices and crop management, were selected to

Makanya river catchment. Runoff rainwater quality was assessed through the

determination of some fertility attributes in water. The runoff rainwater quality was

assessed through monitoring events of received runoff in the lower zone (Makanya

village), which was assumed to have had an impact in the crop fields. Another

measurement was to quantify the volume of runoff received. The fertility

management practices on the other hand were assessed through questionnaire survey.

The following sections portray the results and findings obtained on this context.

4.3.1 Extent of rainwater harvesting in the study area

In the whole study area, the results (Table 4.2) shows that, out of 144 respondents

92% indicated practicing RWH while 8% indicated not practicing RWH. However,

through field survey, it was observed that, those 8% disclaimed practicing RWH also

misinterpretation was raised based on how people define RWH in the study area,

particularly in the lower zone (Makanya village). For example a farmer in Makanya

village considered RWH practice only when rainwater runoff is diverted into the

crop fields (Plates 2 and 3).

Table 4.2. Extent of RWH on the Makanya river catchment

Extent of RWH practices 
Practicing RWH 
Not practicing RWH 
Total

Frequency
132
12

144

Percent
91.7
8.3

100.0

assess the magnitude and spatial variability of soil fertility under RWH systems on

they were practicing RWH without their knowledge. The problem of
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Furthermore, the study revealed that, most female household fanners (Plate 4) were

involved in RWH practices. Table 4.3 illustrates that all the interviewed female

farmers were practicing RWH. On the other hand, the three main categories of RWH

systems namely, in-situ, micro-catchment and macro-catchment RWH (Table 4.4)

are being practiced in the study area. This indicates that in the tropic semi-arid area,

rainfed farming system is always done together with RWH systems to improve yields

and sustainability.

Table 4.3. Extent of RWH practices on the basis of gender and village on the
Makanya river catchment

GenderVillage

Makanya

20.411

Mwembe

2.71Tae

2.31

Male
Female
Village-level

Male 
Female 
Village-level

Male
Female
Village-level

39 
8

47

36 
6

42

100.0
100.0
100.0

97.3 
100.0 
97.7

Percent
78.8 
100.0
79.6

Frequency
41
2

43

RWH practice extent
Practicing RWH Not practicing RWH

Frequency Percent
11 2L2-



Plate 2: Runoff rainwater diverted into main field channels at Makanya Road Bridge

Plate 3: Runoff rainwater directed into the fields
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. T

Plate 4: Female farmer diverting rainwater runoff into a maize field
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4.3.2 Farmers experiences on soil fertility levels on the Makanya river

catchment

Farmers’ experiences on soil fertility in the study area are presented in Table 4.5.

The study revealed that, 13.5% respondents were experiencing soil fertility changes

different in other villages located in the mid and upper zones on the catchment. In

Mwembe and Tae villages almost all interviewees had the feeling that, positive or

negative changes in soil fertility exist. Farmers’ perceptions on soil fertility changes

were on both, fertility depletion and enrichment. The majority from all villages in the

study area claimed to have more fertility enrichment than depletion. Local indicators

of soil fertility used by farmers to assess soil degradation or enrichment were decline

in crop yields and stunted crop growth and increase in crop yields, respectively

(Table 4.7).

Fanner's perception

3 2.1.7134 24.1

The difference perceptions appeared in the toposequence zones can be related with

respective zones location on the catchment. In Makanya village for example, farmers

Table 4.5. Farmer’s experiences on soil fertility changes on the Makanya river 

catchment (n = 141)

Experiencing soil 
fertility changes 
Not experiencing soil 
fertility changes

Villages in the catchment 
Mwembe

Frequency
46

Tae 
Frequency 

38
Percent 

27.0
Percent

32.6

in Makanya village, whereas 24.1% do not experience changes. The situation was

Makanya
Frequency Percent

19 133“
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believed that, harvested rainwater runoff collect nutrients in the upper catchment.

This has some truth, since as the runoff move downwards to the lowland, it erodes

surface soil, which has high organic matter, which then accumulate in the lowlands.

This contributes to soil fertility in the lower zone where micro-catchment RWH is

practiced. Obviously, other interviewees in Makanya village perceived the soil

fertility as depleting, possibly because of the accessibility to runoff. Because of low

rainfall, the limitation of runoff results in sparse and stunted crop growth in the area.

In Mwembe and Tae villages, the perception judgement of the respondents depends

where his/her farm is located. All the farms in the bottom and foot slopes are

perceived as being fertile. This is probably due to eroded surface soil with high

organic matter, which accumulated in the lowlands. Due to the areas being dry and

located in the mountainous slopes, the majority of farmers have fields in the bottom

and foot slopes areas.

4.3.3 Soil fertility management on the Makanya river catchment

4.3.3.1 Use of farmyard manure in crop production

The distribution of livestock in the study area is presented in Table 4.6. The livestock

considered to contribute to soil fertility. With an exception of Tae village, most

farmers let their animals graze on communal lands. Some nutrients may return to the

farm through harvesting runoff, which erode soil surface organic matter, although

much of the manure will remain on the communal grazing lands. Majority of farmers

in Tae village, stall - feed their cattle in zero grazing units, because of the scarcity of

groups considered in this study area were those found in the area, and that are



62

agricultural land. This facilitates the collection and storage of manure and ensure that

manure remain on the farm.

Table 4.6. Livestock keeping on the Makanya river catchment

Village
Cattle Chicken and ducks

Tae

87 56 89 5467 77

62.2%60.8% 39.2% 37.8%53.5%46.5%Percent in the study area

A more detailed study about livestock possession, use of farmyard manure and some

reasons for limited use of farmyard manure was done in Makanya village. The study

revealed that, the majority of livestock keepers possessed between 1-5 and 6-20

animals (Table 4.7). The number of sheep, goats and chicken owned in the village is

very small, hence insignificant contribution to soil fertility. However, even the little

available farmyard manure is not fully utilized for soil fertility improvement. Table

4.8 show that only 52.6% responded as livestock keepers applied farmyard manure in

the crop fields, and 36.8% do not use it at all.

24
51.1%
31.2%
16.7%

29
67.4%
33.3%
20.3%

30
65.2%
34.5%
21.0%

16
34.8%
28.6%
11.2%

14
32.6%
25.0% 
9.8%

30
65.2%
33.7%
21.0%

40
93.0%
44.9%
28.0%

16
34.8%
29.6%
11.2%

3
7.0%
5.6%
2.1%

17
39.5%
22.1%
11.8%

Own 
“19“ 

35.2% 
21.3% 
13.3%

Livestock groups 
Goats, sheep, pigs 

and donkeys 
Own 
28 

51.9% 
32.2% 
19.6%

Don't own
26

48.1%
46.4%
18.2%

Don’t own
35

64.8%
64.8%
24.5%

Don’t own 
36 

66.7% 
46.8% 
25.0%

The whole Frequency 
study area

Mwembe Frequency 23
Percent within village 48.9%
Percent within livestock group 34.3%
Percent within study area 16.0%

Own
Makanya Frequency 18

Percent within village 33.3%
Percent within livestock group 26.9%
Percent within study area 12.5%

Frequency 26
Percent within village 60.5%
Percent within livestock group 38.8%
Percent within study area 18.1%
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Table 4.7. Livestock keepers in Makanya village

ChickenGoatsCattle

Table 4.8. Extent of the use of farmyard manure by livestock keepers in

Makanya village (n = 19)

The reasons given for limited use of farmyard manure in Makanya village (Table

4.9) are that, crop fields are inherently fertile and fields are located far away from

homestead or kraal (boma). Other reasons given as to the limitation of use of FYM

knowledge about the use and benefits, and a number of farmers believe that by

harvesting rainwater runoff automatically one harvest nutrients as well, thus no need

for the use of FYM.

Agropastoral livestock keepers, being unaware of the use and potential of FYM in

observed that the farmers with sizable number of animals (Table 4.11) are the ones

Livestoc 
k group 
classes 

Not used at all
Burnt or sold
Sold or given as an offer

Pcrccn 
t 

54.5 
27.3 
18.2 

100.0

7
1
1

Pcrcen 
t 

36.4 
54.5 
9.1 

100.0

1-5 
6-20 

21-50 
Total

36.S
5.3
5.3

Percen

2S.6
71.4 

0
100.0

Pcrccn 
t 

50.0 
42.9 
7.1 

100.0

Use of FYM
Applied in the crop fields

Frcqucnc 
y 
6 
3 
2 
11

Frcqucnc 
y 
7 
6 
1 

14

Frcqucnc 
y 
4 
6 
1 

11

Percent
52.6

Frequency
10

Frequenc 
y 
5 
10 
0 
14

were non-assurance of getting higher yields due to limited soil moisture, limited

Livestock group 
Sheep

crop production either throw away the manure or bum it (Table 4.10). It was



64

who either bum or throw away the FYM. . Many nutrients are lost through the

burning of manure, particularly C, S, H and O. Disposing farmyard manure in this

fashion could be due to accumulations at homestead and transportation cost for

carrying manure into the fields when the kraal (boma) is located very far away from

the crop fields.

Table 4.9. Reasons for limited use of farmyard manure (n = 9)

33.33Other

Table 4.10. Final destination of the unused FYM in Makanya village (n = 10)

Causes
Crop fields are fertile
Fields located far away from the source

Final destination
Thrown away 
Burnt

Frequency 
4~ 
2

Percent
60.0
40.0

Percent
44.4
22.2

Frequency
6
4
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4.3.3.2 Soil fertility management practice in the study area

The common types of soil management practices in the study area are given in Table

4.12. These common soil fertility management practices include the use of crop

residue (86.10%), intercropping (76.4%), application of farmyard manure (75.7%)

and application of mulch (71.5%). Agro-forestry practices (66.0%) were found to be

most applicable in Mwembe and Tae villages, most probably due to high rainfall

compared to Makanya village. Bush fallowing (39.6%) appeared to be the most

favoured practice in Makanya village compared to Mwembe and Tae villages. The

most used fallowing period was one year or less. This practice is more in the lower

availability of agricultural land in Makanya village compared to the mountainous

extremely low. In Makanya village only one respondent (0.7%) has been using

inorganic fertilisers, no interviewee indicated to have used fertiliser in Mwembe

village whereas in Tae village three respondent (2.1%) used inorganic fertilizers.

Among the reasons contributing to very limited use of inorganic fertilisers as

portrayed by the farmers is associated with non-assurance of getting higher yields,

due to unreliable rainfall and high soil fertility status of the soils.

The causes of soil fertility changes on the catchment as identified through

questionnaire survey are categorized as the factors contributing to soil fertility

improvement (fertility enrichment) and factors that encourage or cause soil fertility

depletion. Wind and drought were pointed out as the major causes of soil fertility

decline. Drought was pointed out probably because it destroys crops hence decline

areas (Tae and Mwembe). The application of inorganic fertilisers was found to be

zone of the catchment, possibly due to rapid depletion of plant nutrients and also
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in vegetation which limit the effective amounts of crop residues to be incorporated

into the fields, thus negatively influencing the nutrients re-cycling process. Generally

drought affect mulching and also bush fallow lose its meaning as vegetation decline.

Fertiliser application is strongly pointed out as one of the factors that can increase

soil fertility. However, this management practice option appeared not to be favoured

in the study area, as it has been presented in Table 4.12. It is suggested that this

reluctant behaviour could be influenced by farmers’ economic status and enhanced

by some of agricultural policies. Agricultural Structural Adjustment Program in the

1990s is an example of agricultural policies that involved abolishing farm input

subsidies. This has had serious implications for the rural economy, as producers are

was advised by Lompo et al. (2000) in Burkina Faso.

no longer able to obtain agricultural inputs at affordable prices. Similar argument
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Inorganic fertilisers enhance wilting of plants 2 6.6

Non assurance of getting higher yields 3.31

In Makanya village (Table 4.13) for example, most of the respondents (63. 3%)

failed to give reasons for not using inorganic fertilisers or manure in crop production.

However, reasons for limited use of inorganic fertiliser as well as manure were high

fertility status of the soils (17%) and inadequate comprehension of the advantages of

Also fanners pointed out that, inorganicusing fertilisers and manures (3%).

fertilizers enhance wilting of plants (7%) and the use of these materials is not

favoured due to non-assurance of getting higher yields.

4.4 Nutrients content in rainwater runoff along the toposequence on the

Makanya river catchment

The analytical data for pH, electrical conductivity and contents of Ca, Mg, Na, and K

parameters for the vuli, kipupwe and masika rainwater runoffs were as presented in

Figures 4.9 - 4.14 and Appendix 4.

The analytical data of the chemical properties of rainwater runoffs on the Makanya

river catchment (Appendix 4) showed that, pH level of the water ranged from 7.9 to

8.3. This alkaline water reaction could be due to soluble salts contained in water,

Table 4.13. Reasons for not using inorganic fertilisers and farmyard manure in 
Makanya village (n = 30)

Other reasons
No reason

2
19

6.7
63.3

Reasons or causes
Soil is fertile
Knowledge about the use and benefits of fertilisers and 
manure is limited

Frequency
5
1

Percent
16.7
3.3
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which could be related to the eroded soluble salts gathered by runoff water on the

catchment. The possible source could be associated with the accumulated salts in the

topsoil during the dry seasons and exchangeable cations content in the soils. In the

semi-arid and arid areas, concentration of salts in the topsoil normally is associated

with dry climate, as a result salts accumulate on the surface during the dry period

(Mettemicht and Zinck, 1996). Of course, during rain season, the effect is not much

reduced since rains are normally not enough to washout or leach the accumulated

salts on the surface. Another possible source of soluble salts in water could be

associated with soil parent materials in the area. This could be probably an indication

that the parent materials of the soils were basic.

n

Tae

The mean runoff rainwater pH value (Figure 4.9) shows some variations along the

toposequence. Generally the water pH values decreased from the upper to lower zone

il_ B
Makanya

Figure 4.9. Variability of pH in rainwater runoff along the toposequence on the 

catchment

i_ B
Mgwasi
Villages

gVuli 2002/03
□ Kipupwe 2003
□ Masika 2003

8.6 .
8.5 .
8.4 .

8.3 .
8.2

- 81

8
7.9
7.8
7.7
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with exception of the pH of the runoff at Mgwasi station for the masika rains.

However, pH level was of alkaline reaction (above 7.8) for the all sample stations in

the three seasons on the catchment. Water pH variations were portrayed at each

Makanya (lower zone) stations, pH showed to decrease from vuli to masika season.

The temporal variation of pH could be related to the temporal distribution of the

rainy seasons. The vuli normally start after very long dry period (four to five

months). This makes the area to lose vegetation as a consequence, when the vuli

rains starts, erodes the soils accompanied with soluble salts easily. As a result,

runoff rainwater contains high sediment containing soluble salts and exchangeable

bases and hence high pH level. In the kipupwe, pH level decreases because rains stop

and water become clearer as a result of low sediment load in runoff. In the masika,

the water pH level continues to decrease because runoff rainwater contains low

sediments loads because rains start shortly after vuli season. This makes the soil to

remain covered with vegetation, hence reduce erosion effect on the soil. On the other

hand, the decrease of pH shown along the toposequence in the study area could be

associated with water clearance as one descends along the toposequence.

The EC values of runoff rainwater was measured based on the fact that it is the

water ranged from 0.14 to 1.06 mS/cm. This range falls in the category that ranged

from none restriction on use and slight to moderate (FAO, 1985). The EC values of

the sampled runoff water were in the tolerant limits. However, this should be kept

monitored because, its accumulation in the soil could cause salinity problem. A

measure of the water salinity. The results (Appendix 4) showed that, EC values of

sampling station in terms of temporal variation. For the Tae (upper zone) and
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salinity problem can occur if the total quantity of salts in the irrigation water is high

affected. Excessive soluble salts in the root zone inhibit water uptake by plants. All

in all, the soils in the study area (Appendix 9) appeared to be non-saline.

1.40 .

1.20

1.00

0.80

0.60 .

0.40 .

0.20

0.00 .
Tac

The electrical conductivity trend of runoff water along the toposequence is presented

in Figure 4.10. The results show that, the EC values tended to increase from vuli to

masika at Makanya and Mgwasi station while Tae station (upper zone) showed

almost no change. The difference in EC values at Mgwasi for the vuli and masika

b_ m
Makanya Mgwasi

Villages

Figure 4.10. Variability of EC in rainwater runoff along the toposequence on the 
catchment

q Vuli 2002/03'

: q Kipupwe 2003 :
□ Masika 2003

I
S 
y

enough for the salts to accumulate in the crop root zone to the extent that yield are
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seasons could be due to the amount of sediments in the water samples and possibly

related to the presence of soluble salts.

The variation in the content of Ca, Mg, K and Na runoffs collected along the

toposequence are presented in Figures 4.11 to 4.14, respectively and in Appendix 4.

The data shows that, the concentration of the bases in water are relatively small at

Tae station in the upper zone compared to mid and lower zones. The contents of the

bases in the water runoff on the catchment have same bearing to the exchangeable

bases in the soil and the pH of the soils (Figure 4.2 and 4.7). The basic cation

contents in the water runoffs would also depend on the volume of discharges for the

various rainy seasons.

0.12 .

o.io

0.06

0.04

0.02

r~i~w
Tae

Figure 4.11. Variability of the amount of Ca in rainwater runoff along the 

toposequence on the catchment

Mgwasi
Villages

-

EjVuTi 2002/03
□ Kipupwc 2003
□ Masika 2003

0.00
Makanya

~ 0 08

i
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0.25 .

0.20

0.15

0.10

0.05

Makanya Tac

The amount of discharges of flow is related to the amount of rainfall and intensities,

hence, the higher the rainfall and intensities, the higher the extent of soil erosion. The

contents of the basic cations in the water runoffs in the lower zone were found to be

higher than those for the upper zones and this could be due to accumulation of

eroded soluble salts as runoff move downwards to the lowlands. The variations in the

basic cations concentrations in the runoffs between vuli and masika could probably

due to temporal variation. The temporal variability could also explain the changes in

the vegetation, EC etc. during the rainy season (yitli, kipupwe and masika).

0.00

Figure 4.12. Variability of the amount of Mg in rainwater runoff along the 

toposequence on the catchment

Mgwasi
Villages

OVuli 2002/03
□ Kipupwe 2003
□ Masika 2003

■>

iu,
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0.05

0.05
0.04

0.04

0.03

0.02

0.02

0.01

0.01

0.00
TaeMakanya

Figure 4.13. Variability of the amount of K in rainwater runoff along the

toposequence on the catchment

0.80

0.70 .

0.60

0.30

0.20

0.10

Figure 4.14. Variability of the amount of Na in rainwater runoff along the

toposequence on the catchment

This trend of water quality variability along the toposequence could initiate the

necessity of assessing the quality of runoff rainwater intended for the supplementary

irrigation through RWH practices.

IB
Mgwasi

Villages

EjVuli 2002/03
□ Kipupwe 2003
□ Masika 2003

gjVul'i 2002/03
□ Kipupwe 2003 
q Masika 2003

|^p|
Tae

g 0.03

O 
E o

Mgwasi

Villages

g 0.50

0.40

0.00 1^41—
Makanya



76

4.5 Nutrients accumulated by diverted rainwater runoff in the selected crop

fields in Makanya village

In Makanya village in the lower zone, a number of crop fields were selected (Figure

22) to investigate the effects of diverted runoff into these fields on nutrients

accumulation, hence changes in soil fertility status of the fields. Table 4.14a presents

the selected crop fields as represented by fanners’ names and harvested volume of

water by diverting rainwater runoff from the Makanya river. The results show that,

the volume of runoff rainwater diverted into the fields by single episode ranged from

68 to 523 m3 ha'1. This indicates that, those who own small field harvest more water

by diverting runoff into their fields.

Table 4.14a. Quantities of rainwater runoff diverted to selected crop fields in
Makanya village (masika 2003- rainy season)

Farmer name 
Majid Sengasu 
Fatuma Hussen 
Shaban Bakari 
Tusu Juma II 
Tusu Juma I

Area (ha)
0274
0.474
0.088
0.201
0.211

Qv (m ) 
34.24 
125.45 
45.16 
13.85 
43.53

m7 ha
125.0
264.7
513.2
68.9
206.3
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Legend

Maize fields sampled group

Intensive soil sampled fields

Water sampled fields

Water channels

Figure 4.15. Map of Makanya village showing selected crop fields
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Table 4.14b presents the data for fertility nutrients harvested in the selected fields

that harvested rainwater runoff. The results show that, by diverting runoff rainwater

of Ca, Mg, K and Na, respectively, were accumulated. This may lead to think that,

for several runoffs within the cropping season, this could be a contribution as the

plant nutrient pool in the soil. For the long term, Na accumulation could probably

cause the problem of excessive sodium in the soil, hence sodicity (FAO, 1985).

4.6 Spatial and temporal variability of soil fertility in the runoff receiving area

(Makanya village)

4.6.1 Temporal variability of soil fertility in the runoff receiving area (Makanya

village)

Soil fertility variability within the selected crop fields in the land suitability classes

from farmers’ perception in the runoff receiving area (Makanya village) are

Table 4.14b. Nutrients accumulated by diverted rainwater runoff in the selected 

crop fields in Makanya village

Farmer name 
Majid Sengasu 
Fatuma Hussen 
Shaban Bakari 
Tusu Juma II 
Tusu Juma I 
Mean value

___ K
25.0
58.9
89.9
19.3

286.1
95.8

__ N
225.
943.
714.
357.
542.
556.

__ Ca
50.0

195.6
174.0
75.7

722.4
243.5

Base content in (mol(+))/ha

________ Mg
87.5

312.5
320.3
104.0
659.1
296.7

once into the crop fields, the average of 45.88, 66.31, 15.75 and 164.59 mol(+) ha'1
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presented in Tables 4.14a - 4.14c. The soil fertility variability was determined during

vuli and masika rain seasons. The results showed that, within the selected crop fields,

unsystematic spatial and temporal variation of soil fertility status were observed for

both vuli and masika rain seasons.

The unsystematic spatial and temporal variation of soil fertility observed, could most

probably be related to micro-slopes existing within the fields. Since the samples were

taken within the farm area, for both short and long rains, various micro-slopes

normally existing in the manually managed fields could facilitate both the movement

and accumulation of nutrients. For example in the three land suitability classes, the

increase of OC from the head to the tail of observation strip was noted. This could be

influenced by existing micro-slope from the head to the tail. Another source of

variation could be due to heterogeneity of agronomic practices applied in the fields.

For example, the time differences in weeding can cause small differences in the

nutrient level within few meters in the field.

Results from the soil samples collected in the crop field under indigenous land

suitability class one (Table 4.15a) indicated an increase and decrease in values of

Based on attribute mean values, higher values were registered in themasika rains.

masika rains compared to the vuli rains. The increment was noted for electrical

conductivity, extractable P and total nitrogen, while OC, pH and exchangeable Na

values showed to decrease. For soil samples collected from the selected crop fields in

the indigenous land suitability class two (Table 4.15b), results revealed that all

assessed soil fertility attributes tended to decrease in values from vuli rains to masika

some of the soil fertility attributes like EC and OC, respectively, from vuli rains to
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rains except only one attribute. The decrease was noted on EC, OC, total N,

extractable P and exchangeable Na, while soil pH level tended to increase.

Results for soils sampled in indigenous land suitability class three (Table 4.15c)

revealed that, some attributes increased, others decreased, and one attribute remained

constant. The increments were noted for extractable P and exchangeable Na, while

the decrease were registered for pH, electrical conductivity and organic carbon.

Total nitrogen did not show any variation from vuli to masika.

The reasons for having several cases of incremental changes of soil fertility in the

indigenous land suitability class one compared to other classes, was probably

associated with macro-catchment RWH practices. This land class is located on the

receiving area of rainwater runoff. Therefore, accessibility probability of harvesting

runoff is very high compared to others land suitability classes. Due to the eroded soil

surface organic matter by runoff, it is obvious that when harvested and applied in the

crop fields, the improved change of soil fertility is expected. Of course the whole

rainwater than others.

For all three suitability classes, the results showed that the OC content decreased

from vuli to masika. This could be probably associated with the short period

available, nearly a month (Figures 3.2) between these rain seasons. As a

consequence, the generated vegetation during vuli doesn’t get enough time

decompose and generate organic matter during masika growing season.

area is under RWH, but the head part, has higher chance of receiving runoff
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Figures 4.16 - 4.22 present spatial variability of soil fertility in the three land

suitability classes as perceived by farmers in lower zone (Makanya village). The

increasing from suitability class one to three while clay and silt percentages showed

to be relatively high in land class one compared to others. The difference in levels of

sand fraction in the three classes was not significant as all portrayed high percentages

contents of sand. All in all, the observed variation existing could be associated with

RWH practiced in the area. High soil moisture content in class one compared to other

environment to generate vegetation, hence high organic matter in land suitability

biological and physical properties as well as chemical properties. On the other hand,

relatively high clay and silt percentage could be related with RWH practice. The

runoff rainwater collects silt and some clay particles in the upper catchment,

harvested as sediments in the runoff. These are potential materials in RWH areas as

in the head part where land class one is located there is a higher influence of RWH

practice to the soil than others due to easy rainwater accessibility and sediment

depositions. Land class three located in the tail part has minimum influence because

of the lower chance of receiving runoff. However, currently an improvement has

been observed in land class three due to improved water channel network facilitating

the use of road water runoff generated by roof in the buildup areas in the village.

classes is expected due to harvested rainwater, which mostly decreases as one moves 
J

from class one to class three. The quantities of rainwater harvested create better

4.6.2 Spatial variability of soil fertility in the runoff receiving area

soils particle size distributions (Figure 4.16) showed that, sand percentage was

class one. This organic matter is very important in the improvement of the soil
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sSand (%) aClay(%) cjSilt (%)

presented in Figures 4.17, 4.18 and 4.22, respectively, increased from land class

three in the tail part to land class one in the head part. This distribution pattern is

most probably related to the amounts of water harvested and consequently plant

growth and water percolating in the soil. As was observed in the assessment of soil

fertility attributes in rainwater runoff, water was found to contain basic soluble salts

and high pH (Figures 4.9 and 4.11 - 4.14) when runoff reaches in the lower zone.

Obviously, this tends to influence the irrigated soil as well, however, this effect on

the soil seems to decrease from class one to class three.

54 0 | 

340
24 0 1 II
140 U
4.0

class I class 11 class III
Indigenous Suitability classes

Figure 4.16. Soil particle size distribution in the indigenous suitability classes
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Soil pH, electrical conductivity, and contents of soluble salts (Ca, Mg, K and Na) as
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Figure 4.17. Soil pH pattern in the indigenous suitability classes

The pattern distribution of organic carbon and total nitrogen in the three classes

(Figures 4.19 and 4.22), respectively, indicate high contents of organic carbon and

total nitrogen in the indigenous land suitability class one, decrease in class two and

some relatively increase is noted in class three. The relatively high contents of OC

could be related with organic matter contained in runoff due to eroded soil surface

organic matter. Also, sisal waste could be another contributing factor, as considered

by many farmers in the area, to the main source for the soil fertility nutrients. Similar

argument about the contribution of sisal waste to plant nutrients for maize crop, was

reported by UNIDO and CFC (2001). The similarity of pattern distribution of OC

and total N could indicate that probably the source of N is organic matter.
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Figure 4.18. Electrical conductivity pattern in the indigenous suitability classes
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Figure 4.19. Organic carbon pattern in the indigenous suitability classes
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Figure 4.20. Total nitrogen pattern in the indigenous suitability classes

Figure 4.21 presents the extractable phosphorus pattern in the indigenous suitability

classes. The results show that, extractable phosphorus tends to increase from the

head to the tail part in the lower zone. This pattern could be the influence of RWH

practice undertaken in the area. Soil moisture is expected to be high in the runoff

receiving area and decreases towards the tail area. Therefore it may be true that the

moisture availability facilitate also P availability to plants. Hence, this causing the

decrease of P in the soil as the moisture increases.
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Figure 4.21. Extractable phosphorus pattern in the indigenous suitability classes
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Figure 4.22. Exchangeable bases pattern in the indigenous suitability classes
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CHAPTER FIVE

5.0 CONCLUSION AND RECOMMENDATIONS

5.1 Conclusions

The study attempted to assess the spatial and temporal variability of soil fertility

under rainwater harvesting sytems in Makanya river catchment in Same district,

Tanzania. On the bases of presented findings, the following conclusions can be

drawn.

1. The study portrayed the decrese of K along the toposequence, and low levels of

OC and N in the soil. Therefore, it is important to assess soil fertility status and

variability in semi-arid areas particularly where there is growing need of RWH

systems in order to improve yield in the sustainable way.

2. Spatial pattern distribution analysis has been observed as suitable technique to

identify the soil fertility distribution patterns on the terrain. The use of GIS, GPS

and Geostatistical analyst was critical in this context because fertility spatial

pattern were well portrayed in the maps.

3. It was also observed that, where macro-catchment RWH by diverting runoff

techniques is practiced, the distribution pattern of soil fertility in the areas was

asociated with water, whereas in the other areas that ultilize side hill sheet or rill,

soil fertility pattern distribution is governed by the nature of terrain (slope facet).

The fertility status of most of the soils in the study area were low to medium.4.

The contributing parameters to the low fertility status of the soil include: high

soil pH (alkaline soil reactions), low total nitrogen and organic matter, caused by

low vegetation cover and limited on use of fertilizers and manures.
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5. Runoff rainwater had high pH values and high amounts of sodium. Therefore it

can be concluded that, in the long nin, continuing harvesting the runoff for

suplementary irrigation may cause the soil to become sodic and saline as well.

5.2 Recommendations

For optimal and sustainable crop production, appropriate soil fertility'1.

management packages have to be developed for the study areas, hence, adopted

to the whole catchment area with recpect to village location along the

toposequence. The use of manure should be incouranged where RWH techniques

are practiced.

Under RWH systems, the qualities of irrigated water has to be given due2.

consideration when applied or added to soils with high pH (sodic, sodic-saline

and saline soils).

Most of the land identified by farmers as good quality land was found to have3.

low soil fertility level. Therefore, categorization of soil quality based on farmers

knowledge should be applied cautiously. Therefore, it is recommended that,

scientific input for the improvement of indigenous classification of soil fertility is

proposed, through participatory approach.

The soil fertility attributes combined with spatial pattern distribution can be4.

useful in designing soil fertility management practice.

5. Further studies are proposed to investigate more about spatial patterns of soil

moiture availability in area (soils) under rainwater harvesting systems, how is
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related to soil fertility nutrients spatial pattern distribution in different RWH

techniques in semi-arid areas.
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APPENDICES

B5. Is rainwater harvesting sufficient?

Purchased, 
Rented 
Inherited?

i
ii 
iii 
iv
v

i.
ii.
iii.

SECTION B: Rainwater harvesting 
Bl. Do you practice RWH?
B2. If yes, when did you start RWH?

B3. How much of your cultivated land is under RWH? 
B4. What type of RWH are you using?

In-situ RWH
Micro-catchment system
Macro-catchment RWH.

C5. Are you cultivating all your land?
C6. If not, how much land you cultivate per season (acres)?
C7. Reasons for reducing cultivated land?

Long travelling distance to plot(s)
Reduced production
High input
Erosion
Water shortage

18-25
25-35
35-50
50-90

A3. Place of birth:
A4. Tribe:
A5. Place of usual residence:
A6. Years spent in this village:
A7. Highest level of education:
A8. Marital status:
A9. Number of dependants:

Appendix 1: Questionnaire 1

A sample of household questionnaire for soil fertility and fertility management strategies on 
the Makanya catchment -WPLL.
SECTION A: Background information
Al. Gender of household head:
A2. Age group:
i.
ii.
iii.
iv.

SECTION C: Land use and land tenure 
Cl. Do you own land for agricultural use? 
C2. If Cl is yes, how did you get it?

iii
C3. How long have you possessed the land? 
C4. Do you keep any livestock?
If yes, what type?
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E7. If you practice fallow, how long do you fallow?

C8. Are all your plots in one unit? 
C9. Is your farming land enough? 
CIO. If not, what is your plan?

Cl 1. What are current crops?
Cl2. What were your previous crops?
Cl3. Reasons for changing your previous crops?
Cl4. Do you plan to change your present crop?
Cl 5. What kind of crops do you want to opt? Reasons:

Fertilizer application 
Manuring 
Inter-cropping
Mulch or compost application
Agroforestry
Crop residue application 
Fallowing.
Others (specify)

Mulching 
Crop residues 
Crop rotation 
Contour farming 
Terracing 
Planting trees 
Agro-forestry 
Fallow 
Others (specify)

SECTION D.~ Soil erosion
DI. Do you experience soil erosion on your land?

D2. Which features lead you to believe that such a problem exists? 
D3. Do you use any measures to control erosion?
D4. Which measure do you use? 
i 
ii 
iii 
iv 
v 
vi 
vii 
viii 
ix

SECTION E: Soil fertility
El. Do you experience soil fertility changes on your farm?
E2. If yes, is it positive or negative?.
E3. What features lead you to believe that such fertility depletion or enrichment exists?
E4. If soil fertility increasing or decreasing, what are the major reasons?
E5. Do you use management practices to maintain or enrich soil fertility on your farm?
E6. Which of the following practices do you use?

iii
iv
v
vi
vii
viii
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management in Makanya village.

Name of household Date

Village Ward Division 

Reasons for immigration

Q2: For the past ten years, did you experience any soil fertility' changes in your fields?

( J
) 1= enrichment, 2= depletion

Appendix 2: Questionnaire 2

A sample of household farmer questionnaire for farmyard manure use and

1= Yes, 2= No. If yes, what happened ( 
If no, what are features lead you to believe that:

RWH categories: 1= In-situ RWH, 2= Micro-Catchment RWH, 3= Macro-Catchment RWH
Soil fertility management strategies: 1= Application of inorganic fertilisers, 2= Application of 
farmyard manure, 3= Inter-cropping (legumes and cereals), 4= Application of mulch and farmyard 
manure, 5= Agro-forestry, 6= Application of crop residues, 7= Fallowing
Indigenous land suitability class: 1= class 1, 2= class 2, 3= class 3

Residence: 1= I was bom here, 2= Immigrated here
Reasons for immigration: 1= Searching for agricultural land where RWH is applicable, 2= I was 
accompanied with my parents, 3= Looking for green pasture, 4= Appointment transfer

Indigenous land 
suitability 
classes

Soil fertility 
management strategies 
(a case of depletion)

a) .
b) .
c) .

RWH 
categories

A: BACKGROUND INFORMATION 
Residence

B: RAINWATER HARVESTING AND SOIL FERTILITY 
| Do you harvest rainwater? 1= Yes, 2= No | |

QI: Crop fields, RWH and crop management 
Crop 
fields
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Q3: If inorganic fertilisers were applied, which types were applied? 

J 1= Yes, 2= No. If yes, what type do you own?

)

QI 1: Give reasons for not using both inorganic fertilisers and farmyard manure?

a) 

Q10: If you are buying, offered or collected from grazing area, which area you’re getting it 
from?

total number
total number 
total number 
total number 

Q9: If you are not a livestock keeper, and you are applying farmyard manure, where and how 
do you get it?
1 = purchasing 2. Offered 3. Collected from grazing area 4. 

Q8: If farmyard manure is not used anyhow, where is it finally taken to?
a)____________________________________________

Q7: If you sell or give it to somebody as an offer, where is taken to: ( 
1= Tae 2= Mwembe 3. Bangalala 4= Chome 5= Vudee 6= other places: 

Q6: If you are not using farmyard manure, then give the reasons for not using farmyard 
manure?
a)_________________________________________________________

b) .
c) .

b) .
c) .

Q4: Do you own any livestock? (  
1= cattle: 
2= goats: 
3= sheep: 
4= chicken:

Q5: If you are a livestock keeper, how do you use the farmyard manure produced by the 
animals or livestock. ()  
1= for sale
2= applied in the fields
3= given as an offer
4= Not used anyhow
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b) 

c) 

Thank you very much for your cooperation.
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Appendix 3: Spatial and temporal soil fertility status in Makanya village:

Exch. Bases (cmol( -)Kg) SOIL TEXTURE

Sample Id OC (%1 %T\I pl-d Ed cd NdMd
i Short rains (vuli) 2002

SCL1.79 0.42 8.1 6.78 3.13 56.0 31.0 13048.52 0.3 21.6 2.4

SCL2.28 0.46 45.66 7.9 0.5 5.94 3.40 2.8 63.0 22.4 14.619.9

31.7 17.6 SCL0.50 42.47 7.49 1.7 50.72.34 8.0 0.4 24.8 2.04

SCL2.58 59.5 31.9 8.62.18 42.80 8.0 22.2 6.75 1.40.46 0.4

SCL2.58 2.0 50.7 29.9 19.40.56 39.95 7.9 0.5 24.4 7.062.38

SCL9.86.62 2.85 1.5 65.6 24.61.83 0.45 61.14 8.1 0.3 20.8

58.7 27.5 SCL43.57 20.5 2.58 1.7 13.80.42 8.1 0.3 6.441.97

7.52 2.4 51.8 27.5 20.6 SCL43.57 0.4 23.9 3.402.42 0.48 8.0

SCL2.85 59.5 24.18.0 21.6 6.54 1.4 16.42.26 0.43 56.04 0.3

12.8 SCL5.67 2.58 1.2 64.8 22.40 15 41.50 8.0 0.3 18.41.83

SCL23.5 7.52 3.13 1.7 59.5 25.8 14.748.50 0.30.46 8.12.18

27.5 SCL22.0 6.73 3.13 2.1 57.0 15.546.70 3.1 0.40.422.20

58.1 27.2 SCL0.4 22.0 6.75 2.85 1.8 14.746.70 8.00.442.14Mean

ii. Long rains (ntasika) 2003

CL8.07 3.94 46.7 32.7 20.67.8 0.5 26 2.647.072.69 0.55

22.7 7.32 15.5 SCL0.5 1.22 1.5 60.4 24.149.78 7.90.432.18
SCL0.5 21.8 6.55 3.13 57.0 29.2 13.87.9 1.844.880.462.24

2.85 53.6 31.0 15.5 SCL7.9 22.3 7.14 1.847.87 0.42.36 0.46

47.2 SCL25.7 7.32 3.67 2.0 31.0 21.845.71 8.0 0.40.482.30

CL8.0 0.3 25.1 8.11 3.40 2.0 43.7 34.4 21.947 070.502.44
65.6 SCL0.5 22.7 6.68 2.58 22.4 12.056.80 7.8 1.40.492.44

SCL19.7 5.93 2.85 1.5 62.2 22.4 15.543.57 7.9 0.40.482.52
19.9 5.74 2.58 21.1 17.6 SCL8.0 03 1.4 61.366.820.391.72

59.5 SCL0.3 19.2 5.98 2.85 1.7 24.6 15.850.32 8.00.480.64
SCL0.3 23.6 7.79 1.76 2.3 56.0 31.7 12.38.145.910.461.99

7.9 0.4 22.2 7.0 2.04 61.3 25.8 SCL42.29 1.2 12.90.482.03
0.4 22.6 6.97 2.74 56.2 27.57.9 1.849.010.472.13Mean

KEY: C: Clay, SCL: Sandy Clay Loam, SL: Sandy Loam, SC: Sandy Clay

Appendix 3a. Spatial and temporal soil fertility status in the crop fields of Mr. E. 
Mnyuku

Mnyuku 15-17

Mnyuku 1-2

Mnyuku 24-25

Mnyuku 3-5

Mnyuku 6-8

Mnyuku 32-34

Mnyuku 29-31

Mnyuku 12-14

Mnyuku 26-28

Mnyuku 18-20

Mnyuku 9-11

Extractable 
P(mg/kg)

Mnyuku 23-25

Mnyuku 1-2

Mnyuku 6-8

Mnyuku 15-17

Mnyuku 3-5

Mnyuku 32-34

Mnyuku 26-28

Mnyuku 21-22

Mnyuku 12-14

Mnyuku 9-11

Mnyuku 29-31

Mnyuku 18-20

Text 
class

Sand 
(%)

Clad (%1 Silo

16.3 SCL
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Exch. Bases (cmoK+J/Kg) SOIL TEXTURE

Sill Text
Sample Id OC (%) %TN pH EC Ca NaMg K (%:

i. Short rains (vuli) 2002

Simba 4-5 0.66 0.22 57.07 7.8 0.19 11.2 6.64 2.85 3.27 69.0 22.4 8.6 SCL
Simba 8-9 0.72 0.21 55.19 7.7 0.26 7.28 5.09 2.04 2.18 75.9 13.8 10.3 SL
Simba 1 0.59 0.18 67.64 7.8 0.20 5.78 3.78 2.85 3.11 75.4 15.5 9.2 SL
Simba 21-22 0.59 0.15 66.00 7.7 0.12 8.55 4.73 2.31 2.18 75.9 17.2 SL6.9
Simba 14 0.74 0.18 65.19 7.7 0.20 8.18 4.44 2.85 2.80 74.2 22.9 2.9 SCL
Simba 2-3 0.62 0.15 59.51 7.7 0.22 6.93 2.31 19.4 SL4.11 2.33 77.1 3.5
Simba 10-11 0.72 0.15 53.83 7.9 0.11 7.11 4.65 1.76 2.02 58.7 27.5 13.8 SCL
Simba 17-18 0.74 0.21 56.00 7.9 0.15 8.70 4.52 1.76 2.02 70.8 20.6 8.6 SCL
Simba 19-20 0.66 57.350.17 7.8 0.14 7.92 4.33 2.04 2.02 20.672.5 6.9 SCL
Simba 15-16 0.210.64 64.91 7.5 0.14 6.94 2.04 1.87 18.9 SL4.27 77.6 3.4
Simba 12-13 0.53 56.530.17 7.8 0.16 5.57 3.72 2.04 2.02 17.275.4 7.4 SL
Simba 6-7 1.01 0.24 66.55 7.6 0.33 9.75 3.67 2.80 63.0 27.5 9.4 SCL6

2.3^0.69 0.19 60.48 7.7 0.19 7.83 4.69 2.38Mean 72.1 20.3 7.6 SCL

ii. Long rains (masika) 2003

58.16 7.7 0.09 8.89 4.8 2.04Simba 19-20 0.74 0.15 1.71 72.5 21.1 6.4 SCL
Simba 15-16 0.70 0.17 51.12 7.7 0.10 6.44 1.76 19.4 SL3.75 1.09 75.9 4.7

47.87 7.9 0.06 6.28 3.89 78.9Simba 1 0.39 0.14 1.76 1.56 17.6 3.5 SL
50.32 7.8 0.11 3.87Simba 2-3 0.64 0.14 6.65 2.31 1.87 75.9 19.4 4.7 SL
60.05 7.6 0.10 7.88 4.01 2.85 7.5 SCLSimba 14 0.62 0.17 2.49 71.8 20.6
63.03 7.7 0.13 6.95 4.02 2.58 2.02 SLSimba 21-22 057 0.14 75.9 17.2 6.9
46.26 8.2 0.08 8 4.02 2.04 1.250.51 0.14 77.1 17.2 5.7 SLSimba 10-11

7.9 0.1550.58 5.6 4.33 1.49 1.09 72.5 20.6 6.9 SCL0.72 0.2Simba 17-18
47.07 7.8 0.08 2.040.47 6.16 4.01 1.40 77.1 15.8 7.0 SLSimba 12-13 0.17

8.1 0.09 7.46 4.89 2.31 22.90.57 0.18 51.12 1.40 74.2 2.9 SCLSimba 8-9
10.2 5.96 2.5856.28 7.9 0.19 2.02 64.8 25.8 9.4 SCL0.92 0.15Simba 6-7

7.9 0.1049.78 7.77 4.62 2.58 1.56 71.8 22.4 5.8 SCL0.62 0.13Simba 4
52.64 7.8 0.11 7.35 4.35 2.20 1.62 74.0 20.00.16 6.0 SL0.62Mean

KEY: C: Clay, SCL: Sandy Clay Loam, SL: Sandy Loam, SC: Sandy Clay

Appendix 3b. Spatial and temporal soil fertility status in the crop fields of Mr. A. 
Simba

Sand Clay 
(%) (%llass

Extractable
P(mg/kg]
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Exch. Bases (cniol(^)Kg) SOIL TEXTURE

Sample Id OC (%) %TN ECpH Ca Clay(% Silt(%]Mg Na K Sand ("..I

i Short rains (vuli) 2002

James 23-24 1.15 58.630.32 7.4 0.62 3.35 7.6 SCL14.42 2.31 2.02 70.1 22.4

James 5-6 0.94 0.22 56.29 7.5 1.56 5.7 SL0.30 8.80 3.66 2.04 77.1 17.2

James 21 0.82 0.20 49.55 7.6 17.2 6.9 SL0.18 8.15 3.49 2.31 1.56 75.9

James 11 0.47 0.18 72.77 7.4 6.00 3 24 1.76 78.9 17.6 3.5 SL0.12 1.40

James 15-16 0.22 87.11 7.0 7.50.64 0.29 8.59 4.20 2.31 1.40 73.6 18.9 SL

0.15James 19-20 0.64 65.89 6.8 6.38 3.52 2.04 1.25 75.9 18.9 5.2 SL0.22

7.6 73.6 18.9 7.5 SLJames 2 0.57 0.10 83.32 0.13 8.39 4.18 2.04 1.40

15.5James 12 0.47 0.11 69.54 7.1 0.17 6.64 3.51 1.49 1.09 78.9 5.6 SL

1.71 54.2 20.6 25.1 SCLJames 17-18 0.72 0.13 80.41 7.2 0.26 7.76 3.83 2.85

5.7 SL0.17 55.52 7.0 6.43 3.39 2.04 0.93 75.4 18.9James 9-10 0.59 0.13

7.5 SL72.89 0.51 10.65 3.50 2.04 1.40 73.6 18.91 38 0.31 7.2James 4

5.40 1.25 75.4 17.2 7.4 SL0.57 67.70 7.2 0.16 2.82 2.31James 13-14 0.15

7.78 2.58 1.25 73.6 20.6 5.8 SCL56.30 6.8 0.39 3.84James 7-8 1.03 0.22

15.5 5.6 SL0.08 5.64 3.34 2.31 1.25 78.90.60 0.15 66.41 7.3Janies 22

7.6 SL0.25 73.9 18.57.2 7.93 3.56 2.17 1.39076 0.19 67.34Mean

li. Long rains (masika) 2003

7.71 3.97 74.5 18.1 7.5 SL70.17 7.3 0.3 2.31 1.320 57 0.16James 1-2

15.8 SCL0.6 3.78 2.58 2.02 61.3 22.980.14 6.9 12.41.33 0.29James 7-8

7.89 17.2 5.7 SL62.77 7.3 0.2 3.81 2.58 1.25 77.10.80 0.17James 9-10

5.3 SL7.2 0.2 6.99 3.74 2.85 1.56 75.4 19.466.660.55 0.15James 13-14

8.2 02 9.74 3.72 3.11 74.2 19.4 6.4 SL53.70 3.941.07 022James 22

75.4 17.2 7.4 SL53.95 6.7 0.2 7.62 2.96 1.76 1.250.200.64James 21

70.1 7.6 SCL6.9 0.1 6.96 3.91 2.58 1.09 22.40.15 121.390 51James 17-18

78.9 15.5 5.6 SL7.3 0.1 5.45 3.14 1.76 1.090.15 70.820.51James 12

SCL0.4 9.01 4.95 0.93 70.1 22.4 7.650.84 6.4 2.040.170.57James 15-16

17.2 SL0.4 8.07 3.58 2.58 1.25 75.4 7.457.84 7.00.180.88James 3-4

7.2 0.2 6.39 4.01 2.31 1.25 75.4 17.2 7.4 SL81.710.180.64James 5-6

8.17 7.0 SCL7.3 0.2 3.67 2.31 1.40 71.8 21.161.210.180.68James 19-20

11.8 1.87 6.9 SCL7.3 0.2 4.44 2.58 69.0 24.166.930.22James 23-25 0.92

9.97 2.65 5.7 SL65.38 7.2 0.2 4.98 3.13 77.1 17.20.170.64Janies 11

0.2 8.44 3.9 2.52 1.57 73.3 19.4 7.4 SL7.268.820.74 0.19Mean

KEY: C: Clay, SCL: Sandy Clay Loam, SL: Sandy Loam, SC: Sandy Clay

Appendix 3c. Spatial and temporal soil fertility status in the crop fields of Mr. J. 
Elinazi

Extraciable P 
(mghg)

Text 
class
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Appendix 4: Some chemical properties of rainwater runoff on the Makanya river
catchment

Rain season Field dateSample Id Village PH Ca K Na
Vuli 2002-3 8.101.11.02 0.70 0.13 0.410.04

20.11.02 8.3 0.060.36 0.08 0.02 0.20
0.3422.12.02 8.0 0.04 0.08 0.02 0.22

8.331.12.02 1.02 0.12 0.30 0.05 0.55
02.01.03 8.6 0.74 0.06 0.15 0.02 0.37

8.3 0.6 0.1 0.2 0.0 0.4

0.02 0.38Vuli 2002-3 01.11.02 8.4 0.55 0.05 0.11
0.05 0.1220.11.02 7.9 0.25 0.03 0.01

0.30 0.02 0.05 0.01 0.2422.12.02 8.0Mwembe
0.748.7 1.22 0.06 0.26 0.0131.12.02Mwembe

0.01 0.408.5 0.73 0.04 0.1502.01.03Mwembe
0.01 0.388.3 0.61 0.04 0.12Mean

0.34 0.012002 8.7 1.06 0.07 0.39MwembeVuli 2002-3

0.13 0.00 0.02 0.00 0.1213.10.02 8.2TacVuli 2002-3

0 16 0.01 0.04 0.00 0.0916.10.02 8.3Tac
0.34 0.02 0.11 0.00 0.1031.12.02 8.4TacTac
0.21 0.06 0.00 0.108.3 0.01Mean

0.038.2 0.14 0.01 0.00 0.0718 03.03TacKipupwc 2003 W1

0.98 0.07 0.02 0.548.4 0.1402.04.03Masika 2003 W3
0.02 0.188 1 0.33 0.04 0.0702.04.03W4

8.3 0.93 0.07 0.14 0.02 0.4102.04.03W5
8.1 0.03 0.06 0.02 0.140.3005.04.03W9

0.03 0.06 0.02 0.1505.04.03 8.0 0.26W7
0.06 0.02 0.148.0 0.29 0.0405.04.03W8

0.150.99 0.31 0.26 0.2507.04.03 7.1Wil
8.2 0.82 0.11 0.15 0.03 0.5207.04.03W12

1.23 0.35 0.32 0.14 0.2607.04.03 7.4W13
0.81 0.14 0.20 0.04 0.4907.04.03 8.1W14
0.66 0.08 0.467.8 0.18 0.2724.03.03W2

7.9 0.69 0.13 0.16 0.05 0.32Mean

8.5 0.13 0.27 0.03 1.0907.04.03 1.66Masika 2003 W10
0.04 0.00 0.0605.04.03 8.1 0.16 0.01W6

8.3 0.91 0.07 0.15 0.01 0.57Mean

0.03 0.00 0.06Masika 2003 8.1 0.14 0.01W15 Tae 24.04.03

Tae
Tae Malewa 
stream

Mwembe natural 
forest

Kimunyu
Mwembe

Makanya
Makanya
Makanya
Makanya
Makanya
Makanya
Makanya
Makanya
Makanya
Makanya
Makanya

Mgwasi
Mgwasi

Makanya
Makanya
Makanya
Makanya

Mgwasi
Mgwasi
Mgwasi
Mgwasi
Mgwasi

Base content in solution 
(cmol(+yi)
Mg

0.15Makanya bridge Makanya
Makanya
Makanya
Makanya
Makanya
Mean

EC .
(mS/cm)
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Appendix 5: Guide to soil fertility ratings (Landon, 1991)

(i)
Medium High Very high

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

Organic C % <0.60 0.60-1.25 >3.501.26-2.50 2.51-3.50

Total N <0.10 0.10-0.20% 0.21-0.50 0.51-1.00 >1.0.00

C/N 14-20:

C/N >: 20

Soil reaction

(iii)
Medium

<7

Slightly acid

Neutral

Mildly alkaline

Moderately alkaline

Strongly alkaline

Extremely alkaline

Extremely acid -

Very strongly acid

Strongly acid

Medium acid

(ii)

Soil reaction (pH H2O) is classified as follows:

good quality 

moderate quality 

poor quality

pH below 4.5 

pH 4.5 to 5.0 

pH 5.1 to 5.5 

pH 5.6 to 6.0 

pH 6.1 to 6.5 

pH 6.6 to 7.3 

pH 7.4 to 7.8 

pH 7.9 to 8.4 

pH 8.5 to 9.0 

pH above 9.0

C/N ratios indicate the quality of the organic matter:

• C/N 8-13:

Organic matter and total nitrogen

Very low Low

high
Avail. P (Bray I mg/kg <7 7-20 >20
Avail. P (Olsen) mg/kg <5 5-10 >10
Available phosphorus is determined by the Bray I method if the pH in H,0 of the soil is less than 7.0 
In soils with a pH in H,0 of more than 7.0, the Olsen method is used.

Available phosphorus
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(iv) (iv) Cation Exchange Capacity (CEC)
Low Medium

CEC 6.0 12.0 12.0-25.0

(V) Exchangeable calcium
Very highVery low Low Medium High

Ca

me/lOOg >20.0<2.0 2.0-5.0 5.1-10.0 10.1-20.0

4.1-6.0 >6.0me/100g 0.5-2.0 2.1-4.0<0.5

2.6-5.00.2-0.5 0.6-2.5 >5.0me/lOOg <0.2and

Exchangeable magnesium(vi)
Very highMedium HighLowVery low

0.3-1.0 1.1-3.0 3.1-6.0 >6.0<0.3me/100gMg (Clayey soils)

0.8-2.0 2.1-4.00.3-0.7 >4.0me/100g <0.3Mg (Loamy soils)

1.1-2.00.2-0.5 0.6-1.0 >2.0<0.2me/100gMg (Sandy soils)

(Kaolinitic 

sandy soils)

(Loamy soils)

Ca

Very low 

<6?0
High 

25.0 -40.0

Very high 

V40X)Me/100g

CEC is determined using IM ammonium acetate in soils with pH < 7.5; In soils with pH > 7.5 CEC is 
determined using IM sodium acetate.

(Clayey soils, rich 

in 2:1 clays) 

Ca
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(vii) Exchangeable potassium
Very low Low Medium Very highHigh

K. (Clayey soils) me/100g <0.20 0.20-0.40 0.41-1.20 >2.001.21-2.00

K (Loamy soils) me/100g <0.13 0.13-0.25 0.26-0.80 0.81-1.35 >1.35

K (Sandy soils) me/100g <0.05 0.05-0.10 0.41-0.70 >0.700.11-040

(viii) Exchangeable sodium

Very highHighVery Low Medium

low

>2.000.71-2.00<0.10 0.10-0.30 0.31-0.70Me/lOOgNa

Soil sodicity(ix)
Non-sodic

26-35 >3516-2511-156-100-5

Soil salinity(x)
Non-saline

>159-155-8Ece mS/cm 0-4

ECe - Electrical conductivity of the soil saturation extract (average over the root zone).

Base saturation(xi)
High Very highMediumLowVery low

41-60 61-80 >8020-40<20Base saturation %

More important than the absolute level of exchangeable Na is the Exchangeable Sodium 

Percentage (ESP) calculated by dividing exchangeable Na by CEC (x 100). ESP values are a 

measure of the sodicity of the soil.

Slightly 

sodic

Slightly 

saline

Moderately 

sodic

Moderately 

saline

Strongly 

sodic

Strongly 

saline

Very 

strongly 

sodic

Extremely 

sodic

ESP
ESP - Exchangeable Sodium Percentage (average over the root zone)
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Mean monthly rainfall: 1990 - 2002

— Hassan-MakanyaSuji mission

200
180
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140
120
100
80
60
40
20
0

9 10 11 12853 421

Appendix 6: Rainfall data in the study area

1
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6 7

Months
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Appendix 7: Soil sampling distribution in RWH systems

MW2 370870 9537091 Omari Mlckea
MW3 371231 9539427 Janet Marko Micro-catchment
MW4 370935 9539439 Abdalla Kadufa In-situ
MW5 371763 9540579 Macro-catchment "ndiva"
MW6 371674 9540639 In-situ
MW7 372064 9540454 Micro-catchment
MW8 371821 9539782 Solomon Ramadhan Mkumbwa In-situ

Daudi AbdallaMW9 371645 9539750 Micro-catchment
MWI0 9539850 Elibariki Mchani In-situ371498
KISIMA Kistma371337 9539285

9520406376584
In-situ9520098Tae2 377226
In-situ9520216Tae3 377503

9520335377885Tae4
9522648Tae5 378605

Macro-catchment "ndiva''9522789Tac6 379048
In-situ9521310378862Tae7

9520168Tae8 378071
9520719Tac9 377313
9520590377687TaelO
9521142377809Tael 1
9521376377434Tael 2
9521999376964Tael 3

Macro-catchment
Macro-catchment
Macro-catchment
Macro-catchment
Macro-catchment
Macro-catchment
Macro-catchment
In-situ and Micro-catchment

370092
370157
370266
369965
370146
370499
369643
367055

Walter Mjerna
Walter Mjerna
Shabani Kila

Macro-catchment "ndiva"
Macro-catchment "ndiva"

Macro-catchment "ndiva”
Macro-catchment "ndiva"

In-situ
Macro-catchment "ndiva"

In-situ
Macro-catchment "ndiva"

Point_Id
Tael

RWH system
Road rainwater (Micro­
catchment) 
Micro-catchment

Appendix 7.1. Mwembe village soil sample GPS points
Point Id X-coord Y-coord Fanner name
MWl 370656 9537021 Omari Mrutu

Appendix 7.3. Makanya village soil sample GPS points 
Sample Id. V.rnnrriinatn V-cnnrriinate RWH system

Shabani Bakari 
Fatuma Hussen 
Tusu Juma I 
Majid Sengasu 
Tusu Juma 11 
Mnyuku 
Simba 
James

Appendix 7.2. Tae village soil sample GPS points 
X-coord Y-oord RWH system

In-situ

X-coordinatc Y-coordinate
9517167
9517189
9517009
9517132
9517126
9516740
9517218
9518462
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(a) Soil pH map of the study area

Appendix 8: Maps of some of the soil fertility attributes in the study area
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(b) Electrical conductivity map of the study area
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(c) Total nitrogen map of the study area
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(d) Extractive potassium map of the study area
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(e) Extractable sodium map of the study area
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