HURIA

Journal of The Open University of Tanzania

Volume IX  JUNE, 2011  ISSN  0856 6739
COVER SKETCH TO BE REPLACED ON PRINTING

[image: image32.emf]1


2


3


4


5


6


7


8


9


10


11


12


13


Scale


C


o


n


c


e


n


t


r


a


t


i


o


n


Legend


Mine Blocks


Residential areas




1

2

3

4

5

6

7

8

9

10

11

12

13

Scale

C

o

n

c

e

n

t

r

a

t

i

o

n

Legend

Mine Blocks

Residential areas


The Open University of Tanzania

P. O. Box 23409

DAR ES SALAAM

TANZANIA

Fax (255) 022-2668759

        Website http://www.out.ac.tz
HURIA

[image: image1.png]


[image: image28.emf]0

100

200

300

400

500

1 2 3 4 5 6 7 8

Dbh Classes

Number of stems ha

-1

Journal of The Open University of Tanzania

Volume IX. JUNE, 2011 ISSN  0856 6739
[image: image2.png]



The Open University of Tanzania

P. O. Box 23409

DAR ES SALAAM

TANZANIA

Fax (255) 022-2668759

         Website http://www.out.ac.tz
Editorial Board

	Prof. M. D. Varisanga     
	
	Chairperson/Editor, Faculty of Science, Technolgy and Environmental Studies, The Open University of Tanzania



	Dr. C. Muganda

	
	Institute of Continuing Education, The Open University of Tanzania 



	Dr. E. Babyegeya
	
	Faculty of Education, The Open University of Tanzania



	Mr. P.P. Lipembe
	
	Faculty of Arts and Social Science, The Open University of Tanzania



	Prof. N.N.N. Nditi
	
	Faculty of Law, University of Dar es Salaam



	Dr. A. Nyamora

	
	University of Dar es Salaam




Editorial Office

The Open University of Tanzania,

Kawawa Road, Kindondoni Municipality,

P. O. Box 23409,

Dar es Salaam, Tanzania

Tel: (255) 022-2668835, 022-2668820

Fax: (255) 022-2668759

Website: http://www.out.ac.tz
©  The Open University of Tanzania 2008
All rights reserved.

NOTE


Opinions expressed in this journal are those of the authors and not necessarily those of the publishers – The Open University of Tanzania. 

Contents
Editorial i v     

The Impact of Visual Tools in Teaching Programming to Novices: The Case of Random Access Memory (RAM) Diagrams

Leonard J. Mselle  01 
Inspirations from Nature in the Development of New Materials for the Future

E.T. Bisanda 11    
Development and Applications of Insect Pest Management Technologies in Stored Crops: A Contribution T=to Integrated Pest Management

C.P. Rugumamu  17  
Flower Colour Inheritance in Nicotiana Alata (Solanaceae) and its use as a Genetic Marker for Gene Flow Studies

Margaret Mollel1 and   Teklehaimanot Hailesesalssie2 33    
Reproductive Performance, Mineral and Body Condition Status of Smallholder Dairy Cattle in Rungwe District, Tanzania

A. A. Gimbi1, A. E. Kimambo2, N. L. Kanuya3, L. A. Mtenga2, 

G. H. Laswai2 and J. Madsen4     39
Natural Forest Regeneration, Stocking Structure and Uses of Tree Species: The Case of Munene Forest Reserve in Bukoba Rural District, North Western Tanzania

D. B. Fungameza   47 
Evaluation of Mosquito Traps for Sampling Man-biting Mosquitoes in Rufiji District, Tanzania 

1E.S.P. Kigadye, 2G. Nkwengulila 3S. Magesa, 4S. bdullah  61
Heavy Metal Levels in Drinking Water: Mining Area vis-à-vis Poorly Planned City in Tanzania

I.A. Tarimo1 and J. A. Saria2  70
Characteristics and uses of Solar Home Systems in Selected Un-Electrified Rural Villages in Muleba District, Tanzania

D. P. Ikwaba 80
Editorial
Dear esteemed readers,

 I am cordially introducing you to a special volume of Huria Journal which carries a combination of scientific papers.  This was done deliberately to encourage scientists to publish in the Huria Journal and do away with the notion that the Huria Journal is meant for Open and Distance Learning only. Actually, as the name Huria means in Kiswahili, the Journal is open for any subject area. May I also take this opportunity to appreciate the job well done by the editorial team whose tenure has come to an end.  They did a commendable job in carrying the journal from a local context to international status. Presently the Journal accepts articles from all over the world.
The article by Mselle focuses on the impact of visual tools in teaching programming to novices. The article articulates the challenges faced in teaching and understanding programming. The paper emphasizes that when teaching programming visual tools improve the understanding of programming to novices. Mselle recommends a more forceful campaign to combine RAM diagrams with lectures and laboratory work in teaching programming to overcome apathy among novices. Bisanda’s paper is a review article in which he explores on how nature can inspire human mind to develop smart material of the future. The articles brings awareness on how research and development of engineering systems based on imitations of natural bio-mechanical systems in plants and animals could be utilized to intricate tasks not possible at present.
Rugumamu’s article critically analyses developments and applications of technologies in the management of insect pests of stored crops. She argues that when wisely employed these technologies can play a great role in increasing food security, environmental conservation, reduction of poverty and ultimately improving the people quality of life. Mollel and Hailesesalssie paper is a research article which investigated Flower colour inheritance in Nicotiana Alata (Solanaceae). They performed reciprocal and backcrosses to confirm their findings that flower colour in Nicotiana alata, can be used as an easily interpreted morphological marker, in the following combination: red x white, red x lime green, lime green x white and pink x white.
Gimbi and others endeavoured to establish the causes of suboptimal reproductive performance (RP) of dairy cows and heifers kept by small-holder farmers and investigated possible intervention measures. Their findings conformed suboptimal reproductive performance (RP) in the dairy cows and the study suggested supplementation of deficient minerals. Fungameza’s paper is a research paper which investigates natural forest regeneration. Among other things the paper proposes that local community be involved in conservation of forests. In addition the study investigated the sustainability of natural species for timber and other forest products.
Kigadye and others evaluates the sampling efficiency of mosquito traps for sampling man-biting mosquitoes in Rufiji District Tanzania. The study validates the use of CDC light traps as an alternative for human biting catches in the estimation of the entomological inoculation rates (EIR) and vectorial capacity (VC) in malaria transmitting mosquitoes in the study area. Tarimo and Saria have researched on  high heavy metal levels in drinking water in a mining area (Mererani) and a poorly planned city (Dar es Salaam) in Tanzania. The Heavy metals in the mining area is attributed to decay, decomposition and leaching of old used materials while heavy metals in drinking water in Dar es Salaam is attributed to untreated waste products and age of pipes. The last contribution in this special issue of Huria Journal is by Ikwaba. The author recommends the use of solar electricity in un-electrified remote villages in Tanzania as a more viable alternative to grid electricity. The paper discusses technical problems and how they can be resolved. 
Finally, the Editorial team  record its appreciation for the voluntary work done by various distinguished academicians, who have accepted to review the articles found in this very issue. It is our hope that from this range of articles, you will find the current volume stimulating or challenging, and may even provoke you to consider our Journal in your future academic publications.

Prof. M.D. Varisanga

Editor-in-Chief

Huria Journal 

The Impact of Visual Tools in Teaching Programming to Novices: The Case of Random Access Memory (RAM) Diagrams

Leonard J. Mselle

School of Informatics and Virtual Education

The University of Dodoma, Box 259 Dodoma Tanzania

Abstract: In this paper, manual Random Access Memory (RAM) diagrams are demonstrated; an experiment to test their impact on teaching programming to novice students is carried out. Chi Square-Test is carried out on means between two groups (experiment and control). Results are presented and discussed.
Key words: Teaching Programming, Visual tools, RAM Diagrams, Novice programmers. 
INTRODUCTION

Background 

Difficulties in teaching and understanding programming 

Problems faced by novice programmers together with general difficulties inherent in learning programming have been widely covered in the literature [1,2,12].  Andrew Scott et al state that it is a well-established fact that many students find introductory programming concepts difficult to master [3].  

The reason, some researchers contend, is due to multiple issues that a student is required to master simultaneously. Kirsti Ala-Mutka states that the art of programming includes knowledge of programming tools and languages, problem- solving skills and effective strategies for programme design and implementation [1].

With such multiple issues to tackle, it is easy for students to become overwhelmed and demotivated [3].

Leslie J. Waguespack Jr. reported that poor programming skills and a complete inability to write program after two or even three years’ study appeared to be a common problem to most computer science students. He maintains that most computer science students graduate with weaknesses reflected in:

· Insufficient prior knowledge in the fundamental concepts and general programming principles
· poor understanding of basic codes
· general lack of confidence in writing any programme due to poor memory of syntax [6].
A survey carried out at the Kigali Institute of Science and Technology (KIST) in 2005 and 2006 revealed that more than 99.2% of graduates in computer science shunned the programming projects. More than 95% did not want to pursue any career that involved programming. This is in consistence with what is said in the literature.

Solution from Visual Tools

Visualization solutions in programming education have received wide attention. Various researches have announced results in favour of such tools [2,3,6,8].

An extensive literature review concerning the use of visual tools in programming is found in the work by Kirsti Ala-Mutka. In this work, the author covers a wide range of challenges inherent in teaching programming as well as possible solutions that visual tools can provide [1].

Ben Ari et al have shown that animation tools have improved leaning of elementary programming. Employing an animation tool called ‘Jeliot 2000’ they found evidence that the improvement was due to the rich concrete terminology that the animations supplied [8].

Similar tools, with slight variations in their focus, have been devised and their results have been favourable.

Andrew Scott et al. introduced an on line tool that perform flow chart simulation. In this work, they argued that their effort was focused on overcoming the weaknesses of algorithmic problem solving and subsequent development of source code.  They further assert that flow charts have been traditionally used to visualize programming structure and that they are excellent to a novice. They contend that flow charts are easily understood with little or no prior training and provide the novice with an accurate mental model of an algorithm [3].

In related works, but with emphasis on the ‘roles of variables’, Sajaniemi et al employed visualization to test the effect of the concept of ‘roles of variables’ in teaching programming. In this research they reported positive results [7,9].

Supporters of visual tools have argued that such tools are essential in developing mental models for novices. Such mental models, they confirm, are imperative for programmers to develop abstract representations of processes in the form of logical structures [1,2,8,11].

The current situation in Tanzania and Rwanda

So far, lectures and laboratory work are invariably the exclusive method used in teaching programming in Tanzania, Rwanda and most certainly, elsewhere in Africa. Visual tools, with exception of flow charts are rare. A survey of 57 programming books done in two Tanzanian universities - University of Dar es Salaam (UDSM) and The University of Dodoma (UDOM) and two Rwandan universities - National University of Rwanda (NUR) and Kigali Institute of Science and Technology (KIST) found that only three titles had employed RAM diagrams to complement lectures and laboratory work. However, these titles did not employ such diagrams consistently.

When lecture notes from 26 lecturers from these Universities were checked for visual tools, only one lecturer had employed RAM diagrams. Fourteen out twenty six had used flow charts. The remaining had not complemented their lectures with any type of visual aids.

These findings lead to the conclusion that the practice of using RAM diagrams to enhance comprehension, has yet to capture sufficient attention of mainstream programming teaching. The evidence shows that flow charts are still the only prevalent visual tool used to complement code statements. The reason could be one or combination of the following;

· The current programming books, which play a key role oi curricula design, are still too   much language–focused at the expense of pedagogical concerns vis a vis comprehension. The few books that happen to include RAM diagrams, have not presented the concept in a consistent manner.  Such diagrams are not employed methodically, so as to be followed throughout the introductory course. They are rather presented in isolated fashion, only helping to address one isolated programming concept such as, arrays or parameter passing between functions, etc.
· Most curricula are designed to respond more to specific programming languages rather than to the pedagogical challenges of making programming comprehensible to novices.
· Most of present visual tools are more available in soft form, i.e. (program animation) rather than in hard (paper/book) form. Availability of such tools in books would have quickened their dissemination and popularise their use because books and papers are still the major means of content presentation.

· The effectiveness and impact of RAM diagrams has not been sufficiently popularized.

The above scenario called for the effort to devise and test some elementary visual tools in the form of RAM diagrams. These diagrams were used to complement lectures and laboratory work in teaching programming to novices. The aim is to provide the novices with the image of variables in the computer memory during different phases of code writing, compilation and execution. These images are employed consistently by the lecturer throughout different stages of the course. 

OBJECTIVES

This paper presents a sample of manual RAM diagrams that were employed in teaching and learning programming in KIST. The diagrams depict the effect of each code statement in relation with the variables in the computer memory. This depiction is expected to show the variable’s behaviour in response to each statement. Such depiction is expected to simplify the teaching and understanding of the code to novices.

Furthermore, an experiment is carried out to measure the impact of employing RAM diagrams in teaching programming. Data from a group of students who are taught employing RAM diagrams and another group that is taught without employing such tool are compared. Chi Square test is carried out to determine whether there is significant impact on the process of understanding of the subject, as well as student’s competency and confidence in coding when RAM diagrams are employe to teach them.

METHODS

Description of RAM Diagrams 

The RAM diagrams comprise three main parts. The first part is the heading, stating the aspect of programming that is being demonstrated i.e. Variable declaration, data feeding, selection, etc. The second part is the RAM-image which is represented by contiguous square cells (rectangles). The third part is the piece of code associated with its impact on the memory variables. 

The effect of the code-statement on memory cells is shown by depicting such effect on the corresponding RAM-cells. Below are RAM diagrams depicting the effect of two statements:

1. The first code segment is about variable declaration with statements like  int x; etc. The associated RAM diagram depicts the link that is established between a memory cell and the variable names;  ‘x’ and ‘y’ as a result of variable declaration statements (int x; char y;).
2. The second piece of code is about data feeding with statements such as x=5; etc. Changes of the contents in respective variables are depicted by a corresponding RAM diagrams.

Figure 1: Example of RAM Diagrams
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The size and format of these diagrams is freely chosen by the lecturer depending on the aspect that is being covered. These diagrams are manually drawn during or before lectures and laboratory sessions. They may also be prepared by using software such as Power Point or MS Word. The important condition is that they are employed consistently throughout the introductory part of the course to cover all preliminary aspects of programming ranging from variable declaration, data feeding, flow of control (sequence, bifurcation and looping), functions, arrays and file handling. 

Advantages of RAM Diagrams

1. In order to employ or understand them, RAM diagrams do not require students to learn any new concept.
2. RAM diagrams portray a direct relationship between the code statement and its effect on the memory variable.

3. Roles of variables, are tacitly expressed by RAM diagrams when demonstrating the aspects of flow of control, arrays and functions.
4. Their incorporation in the curricula requires neither additional time nor additional tools (software or hardware). 
5. RAM diagrams are not machine dependent. They can be employed within or outside computer environment. This gives them advantage of portability and flexibility and therefore adaptability and spread. 

The Experiment

Lectures and laboratory works

A total of seven hundred and four (704) students and nine lecturers were involved in the experiment.

A group of 64 students (experimental/variable group) composed of randomly selected–students pursuing electrical engineering, were lectured and tutored while applying RAM pictures. This group was assigned to one lecturer who was competent in the usage of these pictures. 

The remaining 640 students (control group) were lectured and tutored without using the diagrams by various lecturers.  All lectures were based on the same syllabus Introduction to C programming. The sample was taken from first year students pursuing first degree in various engineering and science disciplines.  

Lectures and laboratory work were carried out within the same semester. For the experimental group, lectures and laboratory work were conducted by the same lecturer. For the control groups, laboratory work was conducted by different tutorial assistants. Lecture hours, tutorials and laboratory work were the same for all students.

Every week, all students were required to submit written codes in relation to previous lectures and laboratories. In total, twelve code segments were demanded from each student. The assignments were identical.

Their ability to code and submit the assignments on time was recorded to determine both the interest and competency in the subject on the student’s side. This was done during the entire semester. Observation was divided into three phases and results were recorded and summarised in a graph (Ref. Chart No. 1).

Final examination

At the end of the course, a common final examination was given to all students. The examination had a total of eight questions. Students were asked to choose any five questions. Each question had a section for both theoretical knowledge and coding. Coding formed ¾ of each question. In order to minimise bias, it was ensured that:
(a) The lecturer of the experiment group was excluded from setting and grading the final examination;
(b) No single question in the examination had been attempted before by the students in the experimental group (this condition did not apply to control groups);

(c) No student was notified of this study.

Ability to understand questions and student’s confidence to tackle them was measured by recoding all queries posed by students. Respective invigilators were requested to tape record all queries posed by students. At the end of examination, these queries were given to the researcher. The questions were categorized as follows:

(a) Queries that indicate lack of understanding of examination by student (i.e. I do not understand this question). These are shown as Q1 in Table 1. The smaller percentage for such queries indicates confidence and understanding of the subject by students;
(b) Queries that seek clarification due to obvious mistakes (i.e. I think semi colon or a brace is missing in this code). These are shown as Q2 in the table. The bigger percentage of such queries indicate, confidence and sufficient level of understanding of the subject; 
(c) Queries that seek clarification due to tacit ambiguity (i.e. this condition/expression is out of array boundary). These are shown as Q3 in Table 1. Bigger percentage of such queries indicate high degree of understanding and high confidence in the subject;
(d) To complement the above, at the beginning of the examination, all lecturers were requested to administer a one-question interview to examinees and record the results. The question was, “who thinks that he/she can tackle this exam easily?” Results from this question are presented as Q4 in Table 1. A larger percentage of students who are confident in tackling the exam indicates more confidence and understanding of the subject;
(e) Comparison was done on examination results to determine the difference in performance between the experiment and control groups. The base score is 55%. This is shown as Q5 in Table 1. The more the number of students with scores equal or above 55% is, the higher the level of understanding of that group in programming. Results from experiment are presented in Table No. 1 and summarised by graphs in Charts 2 and 3.

RESULTS AND DISCUSSION

Observation 

Chart No. 1: Comparison of student’s ability to code and submit assignments in time
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In the first four weeks, as shown in Chart No 1, the number of students who were still interested in the subject was not very different between the two groups (10% gap). As time went on, the number of students with interest increased from 54% to 65% in the experiment group while it shrank to 12% in the control group. This difference continued to the end of the course, with a gap of 66%.

The experiment 

Table No. 1 presents the number of queries in percentages, and overall performance in the final examination between the experiment group and the control group.

Table No 1: Percentages of different queries posed by students during final examination
	Queries
	Q1
	Q2
	Q3
	Q4
	Q5

	Control Group
	50%
	14%
	0%
	14%
	14%

	Experiment group
	2%
	30%
	50%
	80%
	64%


Queries that were categorised as Q1, classified as uninformed queries, were more prevalent in the control group compared to experimental group. Chart No. 2 reflects the difference between the experimental group and the control group.

Chart No. 2: Comparison of percentages of uninformed queries posed by students in the final examination

[image: image4.emf]0%

10%

20%

30%

40%

50%

60%

Q1

Control

Experiment


Queries that are grouped as Q2, and Q3, categorised as informed queries are used to measure the student’s confidence and mastery on the subject. The more there are such queries the more informed the group is.

Regarding ability by students to detect obvious errors, as represented by Q2, the experiment group was 26% more capable as compared to the control group.

On the capacity of students to detect tacit errors, represented as Q3, the margin is 50% in favour of experiment group.

The confidence, to tackle questions as measured by Q4 in the interview, is 76% higher on the part of the experiment group.

The experiment group is 50% better on the number of students with a score equal or above 55% in the final examination.

Chart No. 3 summarises the differences observed between the two groups. 

Chart No. 3. Comparison of percentages of informed queries, and answers from interview during the final examination
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Chi square Results

The chi square test was performed on the above data to determine the significance of the difference between the means of the two groups.

At the level of confidence 95% the chi square value obtained was 3.39 with the degree of freedom 2. This, indicate a significant difference between the means of the two groups.

CONCLUSIONS


The presented RAM pictures are simple enough to be adopted without any alteration of curricula. They are portable and adoptable for various examples in different media–i.e, on paper, on teaching board and on machine provided they convey the image of variable behaviour in the computer memory.

Results from the experiment showed that students who were taught by combining RAM diagrams with lectures and laboratory works were consistently interested in the subject. The majority– above 70%, found it easy to do their assignments and their confidence and understanding of the subject was undiminished. 

To the contrary, students who were taught without RAM diagrams lost their interest on the subject much earlier. More than 76% had difficulties gaining competence and at the end the majority had lost interest in the subject. As indicated by the results, use of RAM diagrams, had a positive impact, on teaching and understanding programming. The statistical results on the performance in the examination show an improvement of over 55%.

The Chi square test results support the idea of using visual tools, and in particular, RAM pictures in teaching programming to enhence understanding and comprehension.
The overall results are consistent with the idea that, when employed consistently and methodically in teaching programming, visual tools improve the teaching and understanding of programming to novices.

RECOMMENDATIONS

I would recommend a more forceful campaign to combined RAM diagram with lectures and laboratory work in teaching programming to overcome the apathy among programming novices. The popularity and systematic use of these tools is lagging behind. It is therefore useful that further studies be done to find out ways of making their use popular in consonance with their effectiveness.
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Inspirations from Nature in the Development of New Materials for the Future

E.T. Bisanda

Faculty of Science, Technology and Environmental Studies,

The Open University of Tanzania

P.O. Box 23409 Dar es Salaam

Abstract: The natural world presents the most sophisticated but efficient examples of smart machines that defy common understandings of mechanics of machines. By emulating these physical examples, scientists and engineers have been to design machines that can fly like birds, dive like sharks, etc.  The new generation of materials called smart materials is a result of intricate studies made on natural systems, that resulted in development of materials that can mimic nature. 

In this paper, a review is made of several examples where smart materials have changed our world. These include piezo-electric materials, electro- and magneto- rheostatic materials, auxetic materials, photochromic materials, halochromic materials, and smart clothing materials.  Examples of smart phenomena in nature that can be used for development of future materials are also presented. These include the termite mound, geckos feet, the basilisk lizard, and the spider silk. The papers goes to show that the extent to which we can emulate nature to design mechanical systems that can do intricate tasks not possible at present.

Key words: smart materials, biomimetics, piezo-electric, gecko tape, spider silk.

INTRODUCTION

Development in the human society has always been associated with landmark technologies and materials that are dominant during that era. Thus we saw the stone, bronze, and iron ages that we use to describe human history on basis of materials that were used for making tools.  The industrial revolution in the western world was only possible after discovery of efficient ways of producing iron and steel massively, new technologies for smelting non – ferrous alloys, processing of plastics, and more recently, composite materials.

Due to increased knowledge in the internal structure of materials, new processing techniques were innovated, new materials emerged, and engineers were able to develop sophisticated machines and structures such as the internal combustion engine, the gas turbine, and millions of electromechanical gadgets that surround our world today. Today, it is even hard to imagine how we survived in the past without electricity, radio, mobile phones, email, TV, etc. Yet, all these came about due to inventions and improvements in materials processing, and increased understanding of the natural world, from which new systems evolved. The future of advanced materials and new technologies is dependent on our ability to mimic nature and natural system, in the same way we learnt to design planes by looking at how and why birds fly.

Material scientists use four interrelated areas of structure, properties, processing, and performance to develop new materials. The structure relates to how the atoms (or molecules), crystals, and phases are arranged. They investigate their size, orientation, and perfection. There are only about 100 different kinds of atoms (elements) in the universe, and materials formed from these atoms depend largely on how they are put together. For example, the charcoal left after a fire, graphite in a pencil, diamonds in jewellery, and carbon nanotubes, are all made of carbon atoms put together in different ways.

Properties of a material, including the strength, toughness, hardness, conductivity, melting point, etc. are all strongly dependent on the structure.  Other properties of interest are optical, electrical and electronic behaviour.

Processing relates to how the material is made – whether it is cast, drawn, moulded, machined, or fabricated. During processing, the material is subjected to heating, cooling, or pressure. Each of these is likely to alter the shape while also modifying the internal arrangement of atoms, crystals or phases. As a consequence of changes in the internal structure, the properties will also change.

Performance is a measure of how well a material functions in its intended use.  For example, a high performance material will be one that has maximum specific strength (strength to density ratio), the best resistance to environmental degradation (resistance to heat, moisture, radiation, etc), or one that improves the overall reliability of the product/system. The performance of a material can be modified by the introduction of thin films or coatings to surfaces, or injecting atoms of a foreign element into the near surface. An example is the razor blades produced by Gillette, which have a surface coating applied to maintain a sharp cutting edge while improving corrosion resistance.  Gears are often subjected to surface hardening by the addition of nitrogen or carbon atoms at the surface to improve resistance to wear. Another example is that of polymer light-emitting diodes, or polyLEDS. Previously, LEDs were only available in red or green. Today, any colour in the visible spectrum can be made by modifying the structure of the polymer – such as poly(p-phenylenevinylene) or poly(flourene) – or by adding dyes to the polymer to change the colour of light emitted.

This paper looks at potential technologies of the future, which will be based on imitating natural systems, i.e. use of lessons from living organisms to design mechanical and electromechanical systems for performing difficult tasks that are not yet possible with existing technology.

SMART MATERIALS

Smart materials are a new generation of materials that try to mimic materials and structures of the natural living world. Most of the materials familiar to us, are ‘dumb’, because they have been processed and designed to offer only a limited set of responses to external stimuli. Even the most advanced composites such as glass or carbon fibre reinforced plastics, can only be tailored to a single combination of properties. ‘Dumb’ materials and structures contrast sharply with the natural world, where animals and plants have a very clear ability to adapt their environment in real time. Thus a new field of materials research called biomimetics has emerged, which looks at the extraction of engineering design concepts from biological materials and structures, so as to come up with new materials of the future. The concept is to evolve truly ‘smart’ or intelligent response, allowing a flexible structure to adapt its form in real time, such as to minimize the effects of an external force or changes in the environment, in order to prevent catastrophic collapse.

Thus, smart materials are those that respond to stimuli in their environment, such as temperature, light, magnetic fields, or electrical currents. We may start to think of advances such as a self-repairing house, antennae that bend towards the signal, liquids that solidify when heated, and cans that can be crushed and then regain their original shape under heat – so – called shape memory metals. Let us examine a few examples of smart phenomena and related materials.

Piezo-electric materials

Piezoelectric materials are crystalline materials that have the ability to generate a voltage when stress is applied and vice-versa. Such materials are now in common use is electromechanical transducers, such as generation of ultrasonic waves, digital timers, and various sensors of external forces in measuring systems. Another useful example in our everyday life is the airbag sensor in your car. The material senses the force of an impact on the car and sends an electrical charge deploying the airbag.

Electro-rheostatic and Magneto-rheostatic
Electro-rheostatic (ER) and magneto-rheostatic (MR) materials are fluids, which experience dramatic change in their viscosity. These fluids change from a thick fluid (similar to engine oil) to nearly solid substance within the span of a millisecond when exposed to a magnetic or electric field; and the effect can be reversed just as quickly when the field is removed. MR fluids are now being developed for use in car shocks, damping washing machine vibration, prosthetic limbs, exercise equipment, and surface polishing machine parts. ER fluids have mainly been developed for use in clutches and valves, as well as engine mounts designed to reduce noise and vibration in vehicles. 

Auxetic Materials

Auxetics are materials that, when stretched, become thicker perpendicularly to the applied force. That is, they have a negative Poisson's ratio. This occurs because they contain hinge-like structures which flex when stretched. Such materials are expected to have interesting mechanical properties such as high energy absorption and fracture resistance. This may be useful in applications such as body armour, packing material, knee and elbow pads, robust shock absorbing material, and sponge mops [1]. It is hoped that in future, bumper bars may be made of an auxetic material which grows fatter when stretched and thinner when compressed.

Photochromic materials
These are materials that change colour in response to light. A good example are the light sensitive sunglasses that darken when exposed to bright sunlight. Scientists at the Department of Energy's Lawrence Berkeley National Laboratory and the University of California–Berkeley, have discovered accidentally, an inexpensive material that changes color on exposure to light [2]. The material, which they were studying in an effort to improve the performance of an advanced rechargeable battery, may be useful in developing a next generation of energy-efficient windows that switch from transparent to opaque spontaneously upon exposure to increasing levels of sunlight, or by the application of a small voltage.

Halochromic Materials

A halochromic material is a material which changes colour when pH changes occur [3]. The term ‘chromic’ is defined as materials that can change colour reversibly with the presence of a factor. In this case, the factor is pH. The pH indicators have this property. Halochromic substances are suited for use in environments where pH changes occur frequently, or places where changes in pH are extreme. Halochromic substances detect alterations in the acidity of substances, like corrosion in metals.
Halochromic substances may be used as indicators to determine the pH of solutions of unknown pH. The colour obtained is compared with the colour obtained when the indicator is mixed with solutions of known pH. The pH of the unknown solution can then be estimated. Obvious disadvantages of this method include its dependency on the colour sensitivity of the human eye, and that unknown solutions that are already coloured cannot be used.

The colour change of halochromic substances occur when the chemical binds to existing hydrogen and hydroxide ions in solution. Such bonds result in changes in the conjugate systems of the molecule, or the range of electron flow. This alters the amount of light absorbed, which in turn results in a visible change of colour. Halochromic substances do not display a full range of colour for a full range of pH because–after certain acidities, the conjugate system will not change. The various shades result from different concentrations of halochromic molecules with different conjugate systems.

Smart Clothing

Research is in progress to develop smart materials in clothes that would monitor our health, stress levels, or other physical needs and respond accordingly. The fabric would– for example, be more insulating when it gets cold, emit an alarm– if you are having a heart attack, or provide a read out of vital signs.

It has been reported [4] that skiers from the USA and Canada at the 2006 Winter Olympics wore suits that were made from a smart material that instantly hardens upon impact, protecting the wearer from injury. 

BIOMIMETICS

The natural world is full of examples of smart phenomena, including the ability of plants to adapt their shape in real time, e.g. to allow leaf surfaces to follow the direction of sunlight, reflex to heat or pan in animals, etc. These materials and structures of living things (plants or animals) have capability to sense their environment, process this data, and respond.  Just as a falling apple is said to have inspired Sir Isaac Newton in formulating the famous laws of motion and gravitation in physics, so 21st century materials scientists and engineers are turning to nature for inspiration. Biomimetics is attracting considerable attention in the construction industry, where there is enormous potentials for improvements to materials, construction techniques and building design. Inspiration is found in some unlikely places!

The Termite Mound

The Eastgate Building in Harare, Zimbabwe, is the country’s largest commercial and shopping complex, and yet it uses less than 10 percent of energy consumed by a conventional building of its size because there is no central air conditioning and only a minimal heating system. The design follows the cooling and heating principles used in the region’s termite mounds.

Geckos Feet

Have you ever considered how a gecko is able to stay and crawl upside down on the ceiling without falling? Now some physicists have established that some geckos can take a load of up to 40kg without falling from that position!
Unlike tree frogs and many insects that use some form of glue-like fluid to get a grip, geckos are dry danglers. Their fan-shaped, highly flexible feet enable them to get traction on a wide range of surfaces while moving or standing, either up, down, or upside down. This gravity – defying power is said to lie in the tens to hundreds of thousands hair–like structures, known as setae, on gecko’s toe pads. In 2000, researchers were able to demonstrate that the large surface area of setae allow the animals to take advantage of the molecular–level attraction called Van der Waals forces, to stick virtually at any surface. More recently, it has been shown  [5] that friction is also involved, and these animals use a whole bag of tricks to help them adjust to circumstances from moment to moment. Now researchers and corporations around the world are racing to create the first synthetic ‘gecko glue’, and the US military is leading the way in trying to create gecko–inspired robots that can scale any surface. 

It has been reported [6] that a team of physicists at the University of Manchester were able to produce the first ‘gecko tape’.  Humans may soon be able to climb walls, crawl across ceilings, and slip through high towering walls of any building, with the agility and skill of a gecko!

The Basilisk Lizards that walk on water

In 2004, Havard researchers discovered how a basilisk lizard (sometimes called “Jesus Lizards” because they appear to walk on water) manage to run across the surface of water on their two hind legs, with front arms outstretched. They move at speeds faster than 1.5 m/s comparable to a human running at 104 km/h! The lizard first slaps the water with its web-like foot, strokes downward with an elliptical motion to create an air pocket, and then pulls its foot out of the water by curling its toes inward. By repeating this sequence up to 10 times a second, it generates sufficient forward thrust and lift to run on water without tipping over or sinking.  Now scientists at Carnegie Mellon University in the US have built a tiny robot that can walk on water [7], much like insects known a water skimmers, water skaters, pond skaters, or Jesus bugs. Although the robot is still at prototype stage, it is believed that one day it could be equipped with biochemical sensors that monitor water quality. It could also be fitted with cameras for spying, search and rescue operations, or for exploration. The robot might also be outfitted with bacteria to help break down pollutants in the environment.

Spider Silk

Scientists have recently found out [8] that spider silk is a light, tough and strong material, with many potential applications. A team of researchers at MIT are struggling to investigate ways of producing a material with the enormous energy absorption and strength of spider silk. Such a material would be ideal for making artificial tendons, speciality textiles, and lightweight bullet-proof gear. However, unlike sheep or silkworms, spiders cannot be penned in together or raised as a group, and are difficult to domesticate because they are territorial and cannibalistic. 

Spider silk is known to be a polymer with two distinct alternating phases. One phase is soft and elastic, while the other consists of hard crystallites. Spider silk’s strength and flexibility is said to come from the nanoscale crystalline reinforcement and from the way the tiny crystallites are oriented and adhere to the softer and amorphous phase constituent [9].

CONCLUSION

In this paper, an attempt has been made to bring to the awareness of Tanzanian readers, the immense opportunities that are available for research and development of engineering systems based on smart materials and the imitation of natural bio-mechanical systems in plants and animals. The extent to which we can emulate nature is limitless.  
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Abstract: This paper presents a critical analysis of developments and applications of technologies in the management of insect pests of stored crops. The management technologies discussed include, industrial chemical pesticides; biological control; varietal resistance; Genetic Modified Crops (GMCs); traditional pesticide materials; policies and legislation. Further, the implications of each management technology to the welfare of the communities and the ecosystems in general are discussed. They are these technologies which could form components in the Integrated Pest Management (IPM) approach to combating insect pests of stored crops. It is revealed from the analysis that when wisely employed– free of antagonistic use, developments in pest management play a great role in increasing food security, environmental conservation, reduction of poverty and ultimately improving the peoples’ quality of life.
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INTRODUCTION 

Insect pest infestations cause greater losses of stored crops in developing countries thereby hindering agricultural development resulting in food insecurity. In cases of insect pest outbreak, the stored crop is at high damage risk given the low Economic Injury Level (EIL). In controlling this hazardous condition, the major thrusts reported in the developments of insect pest management technologies were initially directed to crops in farm fields amongst rural communities (Abate et al., 2000; Chapman, 2000; Rugumamu, 2005).  Away from the farms at international border posts of many countries, government agencies are also reported to enforce plant quarantine regulations as pest control measures. In principle pest control measures have to be extended to storage ecosystems and integrated into an operational system, be it large or small in scale, if they are to be effectively applied. The major objective of this paper is to search and critically analyse developments and applications of insect pest management technologies in order to recommend their wise use in protecting stored crops in an integrated manner. 
In the recent past, therefore, development and applications of technologies in the management of insect pests form a sound basis for a better understanding of their contribution to the Integrated Pest Management (IPM) approach. In most cases, one deciphers that some technologies are so integrated to become components of IPM. The current thrust in pest management is on IPM, a domain of extension science referring to a management system that combines all economically, technically and ecologically applicable technologies to keep pest populations below those causing economic injury while minimizing unwanted side effects of the applied measures (Hill, 1987; Benbrook, 1996; Matteson, 2000; Neuenschwander et al., 2003). Timely application of arthropod pests control measures following fluctuations of pest populations in relation to their general equilibrium position, economic threshold and economic injury levels was illustrated by Hill (1987).  
Various scientific and technological discoveries and developments over time have been contributing vastly in managing insect pests and vectors of crop diseases particularly in farm fields at varying degrees. In this regard, Chapman (2000) outlined landmark events in insect-related basic biology and applied entomology of the twentieth century. Table 1 shows some major advances in insect pest management over time as modified from Chapman (2000). 
Table 1 Major developments in insect pest management over time

	        Time                                           Development in pest control

	1920s – 1930s
	Biological control campaign against prickly pear in Australia



	1940


	DDT first synthetic insecticide used



	1950s -1990s
	Varietal resistance to insect pests broadly classified by Painter (1951) and Russell (1978). 

Silent spring published.

Synthetic pyrethroids based on structure/activity relations.

Sterile male technique eliminates screw worm from most of 

North America.

IPM concepts established.

Transgenic cotton containing Bacillus thuringiennsis toxin commercially available.


As correctly stated by FAO (1991) losses in stored food crops impact negatively the national food security in particular and the economy in general. Food security is conceived to be a situation in which people do not live in hunger or fear of starvation (Wikipedia Encyclopedia). It is reported that worldwide, around 852 million men, women and children are chronically hungry due to extreme poverty, while up to 2 billion people are intermittently food insecure due to varying degrees of poverty (FAO, 2003). According to FAO (1996), food security exists when all people, at all times, have access to sufficient, safe and nutritious food to meet their dietary needs and food preferences for an active and healthy life.  

FAO is currently carrying out a Special Programme for Food Security (SPFS) assisting some governments replicate successful food security practices on a national scale. The SPFS also encourages investment in rural infrastructure, off-farm income generation, urban agriculture and safety nets.  It is also reported that for the United States Department of Agriculture (USDA), food security is attained when all household members’ access at all times to enough food for an active, healthy life (FAO 1996).  Noting that a household is the lowest level of community organization in Africa the above conception merits high consideration in this regard. 

In Tanzania for instance, the overall policy in the food and agriculture sector, is to achieve self-sufficiency in food and food security through increased food production as well as increased commodities for export and hence reduction of poverty, (URT, 1996; URT, 2005). This policy places emphasis on, among other things, food production and underscores the need to utilize science and technology in order to develop the agricultural sector and that science and technology should aim at the maximization of productivity through introduction of improved methods of farming, seed varieties and better methods of food and crop processing, preservation and storage. 
Science and technology is a term of art generally used to encompass the relationship between science and technology. According to the Wikipedia Encyclopedia, technology can be broadly referred to as the entities, both material and immaterial, created by the application of mental and physical effort in order to achieve some value. By the same token, pest management technology may refer to a collection of control techniques and methods, skills, processes, tools and raw materials to creat a current state of knowledge in order to produce desirable management approach to solve problems of pest infestations in farm stores.  On the other front, science is the reasoned investigation or study of phenomena, aimed at discovering enduring principles among elements of the phenomenal world by employing formal techniques such as the scientific methods (The Reader’s Digest Great Encyclopaedic Dictionary). Hence technology is often a consequence of science and engineering, although technology as a human activity precedes the two fields.

This paper is organized around eight inclusive introduction, namely insect pest infestations of stored crops, application of chemical pesticides, biological control, varietal resistance, application of traditional pesticides, legislative methods and lastly the way forward in stored products Integrated Pest Management (IPM).

Insect Pest Infestations of Stored Crops
According to Hall (1970); Pantenius (1987) and Dick (1988) for instance, the harvested crop is the net result of all prior production efforts and any subsequent losses incurred are absolute losses with no possibilities for compensatory action. It is imperative therefore, to develop effective management technologies against stored crop pests especially in such a system where rural livelihoods are based on agricultural production. Maize, (Zea mays), for example, is a staple food and cash crop grown and stored in almost all the regions of the tropics (Burtt-Davy, 1914; Acland, 1975 and Lupatu, 1980, Abate et al., 2000).  The recent technological development including the introduction of many new maize varieties to farmers have taken the crop propagation into the highlands and middle altitudes. 
In the early 1980s problems associated with maize and cassava storage in some East and West African countries– for example, have been aggravated by the accidental introduction of the Larger Grain Borer (LGB), Prostephanus truncatus (Golob and Hodges, 1982; Bell and Waters, 1982; Golob, 1988). The beetle is a serious alien insect pest of drying maize in the field and to a greater extent in storage where the crop is stocked for several months for future consumption (Rugumamu, 2003a). The LGB was given various local names reflecting the great losses it causes to on-farm stored maize and cassava (Hodges et al., 1983). Both larvae and adults of this serious pest do eat voraciously creating a lot of dust and frass not fit for human consumption and hence causing economic damage to the crops in traditional storage systems. 

Prevailing relative increases in crop yields have been facilitated partly by scientific and technological advances in breeding for genotypes of greater resistance to field pests and diseases and partly by application of modern farm practices and implements. However, Okiwelu, et al. (1987) and Abate et al., (2000), among others, noted that greater storage losses to insect pests may also result from some of the improved technologies. Some new crop varieties, however, are mostly susceptible to insect pest infestations in farm fields and in storage. This observation emanates from the fact that not all technologies enhance culture in a creative way as in some cases it can also triger negative impacts to societies.  

Until recently, it was commonly believed that resistance of a crop variety could only be effective to growing plant in the field (Painter, 1951; Hill, 1987). It was later demonstrated that some grain physical and chemical/nutritional characteristics incorporated during breeding could result into its susceptibility to insects in storage (Arnason and Gale, 1992; Throne, 1994; Rugumamu, 2005). As advanced by de Waal (1997), some efforts have been made to prevent and alleviate famine disasters through mitigation and prevention while others have concentrated on relief supplies. It is, however, cautioned that whereas some measures have proved successful some other relief forms perpetuate famine. Following from the above, users should be cautioned given that some technological development efforts knowingly or unknowingly could aggravate socio-economic problems. 

Application of Industrial Chemical Pesticides

Historically, when synthetic chemical pesticides mostly the organochlorine group came into widespread use in the 1940s they promised an era of abundant agricultural yields. However, Carson (1962); Hill (1987) have their thoughts shared with Edward Groth who in his foreword in the book “Pest Management at the Crossroads” by Benbrook (1996) noted that it didn’t take long to recognize that these miracle chemicals had costs and risks as well as benefits. The chemicals were highly toxic to most insect groups with control levels of 98 – 99% or even higher, broad spectrum and persistent thereby becoming unfriendly to the environment.  

Currently, control of stored insect pests is mainly achieved by the application of some industrial pesticides including Permethrine; Pirimiphos-methyl, an organophosphosphorus, Carbamates (Kilimo/GTZ 1996; Golob et al., 1999; Golob, 2002) even though this strategy has several shortcomings, economically, technically and ecologically. Insect Growth Regulators (IGR) and Juvenile Hormones (JH) are included in the pesticides groups which are specific and have minimal disruptive effects on the environment. JH– if applied to full-grown larva, disturbs the process of metamorphosis and the insect dies as a deformed pupa/adult (Berry, 1985; Chapman, 1998). Nonetheless IGRs are not as specific as JH but they interfere with cuticle formation at the time of ecdysis and hence killing the moulting larva.  

Field evidence reveals that, only rarely does chemical application kill all the pests, and that the few which survive during successive generations develop slight genetic differences from the main stock of the insect species which become biotypes usually giving serious problems as they develop resistance to the chemicals (Hill, 1987; Golob, 2002). Incidentally, genetic resistance to pesticides in pest populations and outbreaks of new pest problems when broad-spectrum insecticides remove natural checks and balances, have led to escalating dependence on pesticide use with no real decline in pest-induced crop losses (Benbrook, 1996).  It is further urged that if not well monitored, continued additions of chemical pesticides result into general ecological disturbance as well as causing residue in ecosystems (Chapman and Reiss, 2002). As a consequence toxicological experiments have showed that pesticides could cause cancer and birth defects and damage or could interfere with nervous, endocrine, reproductive and immune systems in mammals (Edge and Schauber, 2000;  Fischel, 2005).

Socio-economic status in Africa has made the use of synthetic pesticides the lowest among all regions of the world (Sangodoyin, 1993; Abate et. al., 2000). The chemical pesticides are very expensive and most governments have reduced subsidy to farm inputs especially to pesticides (FAO, 1991; Arthur, 1996). Further, at the level of management, misuse of chemicals during application, non-availability when most required and incorrect timing of treatment given the low EIL in storage, aggravate chemical control problems. Based on the later evidence, Benbrook (1996) lamented that many chemical pesticides cost comparatively little to use, in large part, because the risks and social costs associated with their use are not included in their price.

To this end, in Tanzania for example, a full-fledged Tropical Pesticides Research Institute (TPRI) under the Ministry Agriculture and Food Security was established by the Act, 18/79. The purpose of this Act was to institutionalize a system for both research and regulation of pesticides in use in the country. Akhabuhaya (1980) reported that TPRI was charged among other things, to supervise and regulate the manufacture, importation, distribution, sale and use of pesticides and to administer the regulations made under the Act. As urgued by Carson (1962), Akhabuhaya and Lodenius (1988), Metcalf (1980 and1994), Dendy et al. (1991), Hodges (1994), Arthur (1996) among others, any rational decision on the use of chemical pesticides in pest management must be based on the cost–benefit analysis and environmental impact considerations. It is against this background that strategies for minimizing expenditure in pesticide use will be a factor to sufficient food supply, reinvesting of finances obtained from other sectors and last to the reduction of health hazards resulting from unwise applications of the pesticides which– in some cases, are unauthentic. 

Biological Control of Insect Pests

Another alternative in IPM is biological control which, in a broad sense, includes all types of control involving the use of natural organisms which have a long history of evolution (Hill, 1987; Rees, 1988; Dick, 1990; Scholler et al., 1997; van Emden, 1999; Neuenschwander et al., 2003). The main attractions of biological control are that it reduces the necessity of using chemical poisons and in its most successful cases gives long-term control from one introduction (Hill, 1987; van Emden, 1999). In this regard, biointensive IPM is advocated in agricultural systems. Benbrook (1996), however, emphasized that expanded reliance on biontensive IPM could work when far-sighted policies are in place from both government and private sector. Biological control is most effective against pests of exotic crops which often do not have their full complement of natural enemies in the introduced locality. On rare occasions, a local predator or parasite will successfully control an introduced pest. 

Regarding the use of predators in biological control, the histerid beetle predator Terestriosoma nigrescens Lewis was released and established as a natural enemy for the control of P. truncatus (Horn) in some African countries including Kenya (Giles et al. 1996; Meikle et al., 2002a; 2002b; Holst and Meikle, 2003). Initial studies on the impacts of this entomophagous insect to control the stored product insect pest have concentrated on observing its spread and the effects on loss reduction in experimental maize stores (Rees, 1988; Borgemeister, 2001). It may not be surprising now, however, if T. nigrescens has already been established in more African countries. Entomopathogenic fungi, Beauveris spp was reported to infect various insect pests of stored maize in Kenya (Oduor et al., 2000). The pests include, P. truncatus, S. zeamais, Tribolium spp, Carpophilus spp. In principle, Scholler et al., (1997) report that given the low Economic Injury Level of infested stored crops, Stored Product Protection (SPP) by applying natural enemies should be taken much early during storage 

A major limitation to this technology is that most predators are not host-specific and hence not particularly confined to any specific host (Rees, 1985; Rees, 1988; Bottrell et al., 1998). Further, the enemy requires longer period to be effective.  It is thus advanced that ecological research on specificity of agents to the pests may allow a wide introduction of more predators; pathogens (fungi, bacteria, viruses); parasites and parasitoids of common insect pests as biological control measures. 

Male sterilization and use of pheromones are other biological methods of insect pest control (Kettle, 1992; Hill, 1987). Male sterilization method is effective when applied to restricted populations and also in species where females mate only once and unable to distinguish or discriminate against sterilized males. Attractant pheromones are used in pest population monitoring so that control measures may then be exercised if necessary with precise timing. It should be appreciated moreover that aggregation pheromones could be employed in insect pest behavioural control where insects are induced to fly to inappropriate hosts.

Genetic engineering for crop protection may be carried out in countries that have ratified the Cartagena protocol on biosafety, an international law which was negotiated under the Convention on Biological Diversity (CBD). This has basic requirements for member countries to comply when pursuing Genetically Modified Orgarnisms (GMOs) (Nakora, 2005). The principles and procedures of compliance and inspection required for the execution of safely confined field trials (CFTs) of GM crops are comprehensive.  

Plans on GMOs in many countries are underway and in Tanzania, for instance a National Biotechnology Advisory Committee (NBAC) was established in 2006 under the then Ministry of Science, Technology and Higher Education (MSTHE). The committee is entrusted to the Commission for Science and Technology (COSTECH) which is the national focal point for the biotechnology/biosafety activities in the country.  The committee consists of members from various institutions and includes policy makers, government agencies, Research and Development (R&D) institutions and the private sector. Decisions by this body take into account human and environmental safety, public concerns, ethical, and socio-economic factors. 

Under genetic engineering technology, many food plants are being genetically engineered to resist pests in field and storage. The commercial success, Bacillus thuringiensis, commonly known as Bt, a bacterium occuring naturally in the soil and can also be easily produced in mass by fermentation on an inexpensive media (Federici, 2007). The insecticidal activity of Bt was first discovered in 1911 and was, however, commercially available in the 1950s. The pathogen causes disease to insect pests and produces crystal proteins that are lethal to insect larvae (Hill, 1987; Cranshaw, 2003). The Bt crystal genes have been transferred into maize, enabling it to manufacture the natural insecticide against insect pests such as corn borers (Cranshaw, 2003; Paalberg, 2006; Yarobe and Quicoy, 2004; Hosea et al., 2005; NewAfrican, 2009). Recently, strains have been produced that affect some dipteran larvae, such as mosquitoes, and larvae of leaf beetles. It is further reported by van Emden (1999); Cranshaw (2003) that these bacteria are the active ingredient in some insecticides and are the only microbial insecticides in widespread use. 

Basically, Bt is considered safe to people and non-target species, such as wildlife and that some formulations can be used on essentially all food crops (Hill, 1987; van Emden, 1999; Cranshaw, 2003; Federici, 2007). In recent years, there has been tremendous renewed interest in Bt and several new products have been developed, largely because of the safety associated with the Bt-based insecticides. Genetic engineering in this case makes it possible to locate the gene that produces Bt toxin proteins inhibitors of insect digestive enzymes and transfer the gene into crop plants. 

Following developments in GMO, the TPRI cautioned that there should be a close monitoring in the development and testing of any genetically engineered products and scientific advices concerning their safety should be provided according to LEAT, (2004). It was, however, lamented by Hosea and Muruke (2007) among others, that although there is still some ambivalence about the long-term effects of GM foods, it may be advanced that many consumers in East Africa without their knowledge are probably already consuming these products imported from countries which had made Bt maize trials. 

It is further advanced that, such a situation may be possible because in Africa there are no laws at present which require food containers to have labels detailing the way their ingredients have been made and, as a result, there is no way that consumers can know what exactly they are consuming. Transgenic maize and cotton containing the gene for Bt toxin were widely planted for the first time in 1996 and by 2004 such crops had been planted on some 50 million acres worldwide (Dent, 2000; Hosea et al., 2005). It is further reported that in the United States over 70% of the cotton planted and 40% of the maize planted is with transgenic varieties (Hosea and Muruke, 2006). 
The main advantages of biological control of insect pests according to Hill (1987) evolved around the absence of toxic effects. The bottom line is that no development of resistance by the pests, no residuals of poisons in the environment, no build-up of toxins in food chains, it is mostly selective therefore no killing of beneficial organisms, permanence of successful control and also it is self-propagating and self-perpetuating and hence self-adjusting (Scholler et al., 1997; van Emden, 1999). Despite the importance of biological control there can arise shortcomings, for example, most predators used to attack pests and vectors are not host-specific hence could attack beneficial organisms (van Emden, 1999). The genetically manipulated parasites or pathogens also when misused may result into disasters. In this regard, concern is usually expressed over the dual-use nature of biological agents due to the ease with which they could be directed to antagonistic use for biological warfare against crops and animals including humans.

Varietal Resistance in Pest Management

Resistant crop varieties are an aspect of pest control of great importance whereby plant breeding is a very specialized subject in its own rights and hence it is dealt with separately, not just within biological control (Bhatia, 1976; Hill, 1987).  Varietal resistance to insect pests was broadly classified by Painter (1951) into three categories which are non-preference, antibiosis and tolerance. In this context, Hill (1987) noted that in stored products, non-preference and/or antibiosis types of crop resistance to insect pest attack has adverse effect on the bionomics of the pest by causing its death or decreasing the rate of its development and reproduction. Russell (1978) noted that the basis of the resistance categories is a function of slight variations in genetic material. 

It is emphasized by Bosque-Perez and Schulthess (1998) and van Emden (1999) that host-plant resistance as a pest control method is environmentally safe, economically acceptable to farmers and most compatible with other components in IPM initiatives. Further, Bhatia (1976); Henckes (1992); Rugumamu (2004; 2006a; 2006b) reported the use of insect resistant crop varieties as one of biological components in the IPM which could significantly reduce losses of stored crops. As a contribution to this pest control initiative, varying levels of resistance of some maize varieties to P. truncatus and S. zeamais were determined in the laboratory and in the field farm studies by, among others, Dobie (1974); Howard (1984); Derera et al. (2001); Rugumamu (2005). The findings from these studies indicate significant differences among the maize varieties tested according to statistical methods by Fowler et al. (1999) and Sokal and Rohlf (1998). These results did shed light to the importance of pursuing a search on susceptibility and infestation levels of many more maize varieties developed, grown and stored by smallholder farmers in order to identify resistant varieties to the common insect pests. 

Under subsistence food production, however, it has been noted that the availability of resistant varieties has, to some extent, failed to achieve a major impact (Mohamed and Teri, 1989; Hillocks, 1995; Abate et al., 2000). This is so because, first, local varieties were probably most resistant due to co-evolution and selection by farmers over many years; second, farmers in unstable and variable environments plant mixtures of varieties that are more able to respond to erratic rainfall, fluctuations in soil conditions and to pest and disease problems; and, third, breeding physical characteristics in varieties may have a detrimental effect on either palatability or cooking time or both and therefore unacceptable to farmers. However, given the potency of resistant varieties to insect pest control, it is recommended that deliberate effort by policy markers be directed towards dissemination of the knowledge to stakeholders, the smallholder farmers in order to enhance food security and poverty reduction. 

The various methodologies currently used for assessing and determining varying resistance of crop varieties to stored insect pests are presented by McCain et al. (1964); Widstrom et al. (1972); Urrelo et al. (1990); Howe, (1971); Dobie, (1974); Rugumamu, (2006b). These scientific innovations are intended to positively contribute to the welfare of the world community by reducing food insecurity and hence poverty and to promote national growth.  Different crop varieties are produced in various breeding programmes and it is now known that some grain physical and chemical/nutritional characteristics could affect their susceptibility to insect attack and damage (Dobie, 1977; Bhatia, 1976; Berry, 1985; Gatehouse, 1987; Chapman, 1998 and 2000; Hans-Jorg, 1993; Kostal, 1993; Raikhel and Snigirevskaya, 1998; Aluja et al., 2001; Rugumamu, 2004).  The methodologies for screening crops for varietal resistance are in line with the need to monitor the possible misuse of breeding technologies which could lead to mass production and distribution of varieties with poor storage qualities leading to losses of higher magnitude resulting into famine and hence national insecurity. 

Application of Traditional Pesticides       
Farmers’ ingenuity in rural areas has enabled them– through time, to apply indigenous pesticide materials to protect crops (Rugumamu and Mtumbuka, 1998; Rutatora, 1994; Abate et al., 2000; Rugumamu, 2005). It is advanced by Abate et al. (2000) and UNESCO (2002) that pest management practices in traditional African agriculture have a built-in mechanism in the overall crop production systems.  It is acknowledged by Rutatora (1994); Elwell and Maas (1996); Rutatora and Mattee (2001); Rugumamu (2003a; 2003b) among others, that the majority of smallholder farmers in most African countries employ only Indigenous Knowledge Systems (IKS) in their agricultural production processes including storage.

As stated by Elwell and Maas (1996) and Abate et al. (2000), due to increased applications of chemical insecticides by some communities over the last few decades, some traditional methods of protecting stored seeds and food crops are being forgotten to the extent that some farmers are now unaware that traditional low-cost alternatives do exist.  It is however cautioned by Golob (1988); Golob and Hanks (1990) that rampant claims of the effectiveness of traditional grain protectants need further research to establish their efficacy and full potential as well as any possible toxicological hazards associated with their use. The current emphasis upon IPM is, in effect, a reassertion of the need to put traditional good husbandry practices in place as a fundamental component of pest control (Elwell and Maas, 1996; Haines, 1999; Abate et al., 2000). 

In some African communities, consultations to traditional priests or healers are another kind of insurance against pests and thieves attack to crops (Local community pers. com). Though not formally propagated some smallholder farmers on consulting these priests are assured through prayers that the cultivated seeds through maturity and storage will be free from all sorts of losses. It is believed that the bottom line is for them to observe certain rules and regulations at all stages in the production system.
Legislative Control

Legislative measures of pest control such as restrictions of movement of produce at entry points at international borders are usually enforced by state agencies as a pest control strategy (Golob, 1988; Kirenga pers.comm.). The programme for example is practiced in Tanzania and is adaptable as a model for other countries in Africa to prevent the exotic insect pest, P. trucatus infestations from spreading to neighbouring countries (FAO, 1995). The strategy, however, is reported to work with limited success given free movement of people and porous borders in this global village. 

Way Forward in Stored Products Integrated Pest Management

Based on the above analysis, it is concluded that development and applications of science and technology in stored insect pest management cannot be overemphasized. It is evident that when wisely used control strategies form components of IPM and the main advantages of various insect pest management technologies have been highlighted for the increased agricultural production. It is, however recommended that extensive and in-depth multidisplinary research is essential in order to eliminate possible dual uses.  

Although development of components of IPM was recommended over thirty years ago, the thrust was on the effective uses of various control measures in farm field environments (Dobie, 1977; Hill, 1987). Given the existing situation regarding insect infestations Dick (1988; 1990); Haines (1999); Adda et al. (2002) call for research in the field of IPM that will reduce reliance on only chemical control in farm stores. It is noted, however, that IPM strategies are specific to each pest, climatic conditions and other local factors. It is against this background that IPM requires multidisciplinary research, often years of it to develop successful IPM methods and unlike chemicals, once developed; IPM strategies cannot be packed and sold everywhere.  

On another front, it is advanced here that instead of IPM “technology transfer” through training and visit (T&V) system, the “farmer first” paradigm of participatory non-formal education led by IPM extensionists in farmer field schools followed by community IPM activities is highly recommended. This approach which would have greater success in achieving IPM implementation emphasizes farmer-training-farmer and research by farmers (Matteson, 2000; Meikle et al., 2002; Scoones and Thompson, 2009). In essence, with well synergized IPM components extended to a storage level, it would result in a total well being of stored crops and the ecosystem in which they grow and by the same token improve food security and the economy of a country. When scientific and technological advances are wisely applied in agricultural production systems in accordance with the knowledge on biological conservation, crop pest management and food security will be significantly promoted. 
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Flower Colour Inheritance in Nicotiana Alata (Solanaceae) and its use as a Genetic Marker for Gene Flow Studies
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Abstract: In Nicotiana alata, flower colour inheritance has followed Mendelian inheritance with dark colours being dominant over lighter colours. Reciprocal crosses concluded the absence of the cytoplasm involvement in the determination of flower colour. The backcross confirmed the dominant nature of red as the backcross between any F1 to the red parent produced only red flowers. On the other hand when light coloured morphs were the parents, the offspring segregated in a ratio of 1:1 confirming the monogenic recessive inheritance of light colours.  The exception for the above patterns of inheritance was when the F1 of the lime green x pink was crossed with the pink pollen donor and produced red purple offspring. Flower colour in Nicotiana alata, could be used as an easily interpreted morphological marker in most morphs. 
Key words: Flower colour, inheritance, morphological marker, Nicotiana alata 

INTRODUCTION
Gene flow and the subsequent hybridization and introgression of genes from cultivated and genetically modified (GM) crops into the gene pools of wild relatives has been documented in crops such as rice, rapeseed and maize. There is a concern about gene flow from GM crops to their close relatives because the transfer of transgenes could bring about unintended effects in natural ecosystems (Colwell et al., 1985; Ellstrand & Hoffman, 1990; Snow & Palma, 1997; Whitton et al., 1997). Therefore, studies of gene flow are important in both conservation genetics (reviewed in Wan et al., 2004) and ecological risk assessment of GM crops (Ellstrand, 1999; Ellstrand, 2003; Luby & McNicol, 1995; Snow et al., 2003). 


Molecular markers, such as microsatellites and RFLPs, can be used  for  measuring genetic variation, gene flow and hybridization between populations and in determining paternity (Arias & Reiseberg, 1994; Jorgensen & Andersen, 1994; Morris et al., 1996; Paul et al., 1995). Molecular markers are widely used in genetic analysis because they are considered to be objective measures of variation as they concern the DNA molecule itself. They are not subject to environmental influences and tests can be carried out at any stage during plant development. However, they require complex equipment, expensive consumables and technical expertise (Khan & Spoor, 2001; Vicente & Fulton, 2003). Morphological markers can therefore be used as an alternative depending on the biological question under investigation.  The advantage of morphological markers over molecular markers is that they do not require sophisticated equipment and provide a direct measurement of the phenotype (Vicente & Fulton, 2003). Morphological traits, such as flower, seed or seed-coat colours can be used as efficient genetic markers if they have simple inheritance (Cruzan, 1998). Flower colour has been used as a morphological marker for genetic studies in many species because of the ease of visual identification (Clarke et al., 2004; Kazan et al., 1993; Kumar et al., 2000).

Flower colour is either monogenically or polygenically inherited depending on the plant species. In several species such as Brasicca napus, B. rapa and  Leucaena, flower colour is monogenically inherited (Chen & Heneen, 1990; Simioni et al., 1998; Rahman, 2001). In other species, however, flower colour appears to be determined by many genes, each with a small effect. For example, in Petunia over 30 genes are found to be involved in colour expression (Nieuwhof et al., 1990). Epistatic interactions between two or more genes, cytoplasmic effects and environmental factors may also play an important role (Pahlavani et al., 2004).
In Nicotiana alata (Link and Otto), a widely grown ornamental plant occurring in white, red, pink, purple, green and yellow flower colour can be used as a morphological marker. However, the genetics of flower colour inheritance in N. alata, has not been extensively studied although in the related species N. langsdorffii and N. sanderae several genes are known to be involved (Smith, 1937). Our objectives were 1) to understand the mode of inheritance of flower colour in five different colour morphs (genotypes) of N. alata. 2) Identify flower colours that have monogenic inheritance which could be used as markers in studies of gene flow and hybridization in this species.

MATERIAL AND METHODS

We used five morphs (genotypes) of Nicotiana alata which differed in flower colour. The colours were white, lime green, pink, purple and red. Plants from true breeding lines of each morph were obtained from Åbergs trädgård, a nursery in southern Sweden. The plants were kept in the green house using ordinary potting soil and treated under ordinary agronomic conditions. The temperature in the greenhouse was kept constant at 23oC, with a light and a dark  cycles of 12 hrs. 

In the early summer of 2003 we performed controlled crosses between the colour morphs making a total of 20 cross combination including reciprocals (Table 1). For each cross combination we pollinated three flowers on each of the 20 recipient plants.

Flowers of the recipient parents were emasculated and bagged before anthesis, and after pollination flowers were again bagged to prevent contamination with pollen from undesired morphs. To determine the flower colour of the offspring, three capsules from each pollinated plant were taken and five seeds from each were grown in pots in the greenhouse. To avoid subjectivity, we scored flower colour using the Royal Horticultural Colour Chart (2001). To verify the genotype of the F1 and determine the number of genes that control flower colour from the segregation ratio, a backcross test was performed (Table 2). Backcrosses were made between F1s and both parents. Three crosses were made with each of the 20 F1 cross combinations, which gave us a total of 60 crosses. Twenty seeds from each capsule were sown in September 2004 for flower colour scoring. 

Table1: Flower colour and number of F1 generation resulting from crosses among the five colour morphs

	First crosses and reciprocals 
(♀ x ♂)
	F1
	Colour Chart Code
	N

	White x Red

Red x White
	Red purple  

Red purple
	61B

61B
	15

15

	White x Purple

Purple x White
	Red purple 

Red purple
	67A

67B
	15

15

	White x Pink 

Pink x White
	Red purple 

Red purple 
	73A

73A
	15

15

	White x Lime green

Lime green x White
	Yellow green 

Yellow green
	145D

145B
	15

15

	Red x Purple

Purple x Red
	Red

Red
	45C

45C
	15

15

	Red x Pink 

Pink x Red
	Red 

Red purple
	53C

N57A
	15

15

	Red x Lime green

Lime green x Red
	Red

Red
	45B

45B
	15

15

	Purple x Pink

Pink x Purple
	Red purple 

Red purple
	60B, 67A

60B, 67A
	8, 7

8, 7

	Purple x Lime green

Lime green x Purple
	Red

Red
	53A

53A
	15

11

	Lime green x Pink

Pink x Lime green
	Red purple, Red

Red purple
	N57C, 53A

61B, 60A
	6, 6

9, 6


RESULTS AND DISCUSSION 

In this study we found that most flower colours in N. alata follow Mendelian inheritance and are controlled by a single locus with dark colours being dominant over lighter colours. Red flower colour was dominant over all colours, while white was recessive to all. Nineteen out of 20 monohybrid crosses produced either red or red purple flowers (Table1). There were differences in the intensities of flower colour between crosses of red x pink and lime green x pink and their reciprocals. However, they were within the same colour category and were grouped together for statistical analysis. The crosses between white and lime green yielded yellow green flowers (Table 1). 

Since the reciprocal F1 crosses yielded the same results as the first crosses, it can be concluded that the cytoplasm is not involved in determination of flower colour in N. alata. The backcross confirmed the dominant nature of red as the backcross between any F1 to the red parent produced only red flowers. However, when the parents were recessive (light coloured) the offspring segregated in a ratio of 1:1 confirming the monogenic recessive inheritance of light colours in N. alata (Table 2). These results suggest that the F1s were heterozygous and that the allele’s segregated during gamete formation as expected.  Similar results have been reported of the dominant nature of violet flower colour over very light violet colour in Vigna sinensis (Hanchinal & Goud, 1978; Jindla & Singh, 1970). The exception for the above patterns of inheritance in our study was when the F1 of the lime green x pink was crossed with the pink pollen donor and produced red purple offspring (Table 1 and 2). This ambiguous result could be due to the interaction between the pink and lime green colours as both were recessive when crossed with darker colours. 
Table 2: Observed and expected ratios of flower colour segregation in backcross populations with chi-square values  
	Backcross

F1 x Parents
	  Observed
	
	  Expected
	
	Ratio
	X2
	P value

	(White x Red) x Red
	1W
	58R
	58R
	
	
	
	

	Red x White) x White
	26W
	33R
	29.5W
	29.5R
	1:1
	0.83
	0.5

	(White x Purple) x Purple
	50P
	
	50PP
	
	
	
	

	(Purple x White) x White
	18W
	21R
	19.5W
	19.5PP
	1:1
	0.23
	0.9

	(White x Pink) x Pink
	1W
	44R
	45PK
	
	
	
	

	(Pink x white) x White
	21W
	29RP
	25W
	25PK
	1:1
	1.28
	0.5

	(White x Lime green) x Lime green
	59LG
	
	59LG
	
	
	
	

	(Lime green x White) x White
	33W
	24LG
	28.5W
	28.5LG
	1:1
	1.42
	0.5

	(Purple x Red) x Red
	52R
	
	52R
	
	
	
	

	(Red x Purple) x Purple
	27R
	33PP
	30R
	30PP
	1:1
	0.60
	0.1

	(Pink x Red) x Red
	56R
	
	56R
	
	
	
	

	(Red x pink) x Pink
	25R
	35PK
	30R
	30PK
	1:1
	1.60
	0.1

	(Lime green x Red) x Red
	22R
	
	22R
	
	
	
	

	(Red x lime green) 
x Lime green
	32R
	27LG
	29.5R
	29.5LG
	1:1
	0.42
	0.5

	(Purple x Pink) x Pink
	53RP
	
	53PP
	
	
	
	

	(Pink x Purple) x Purple
	23PP
	19RP
	21PP
	21PK
	1:1
	0.38
	0.5

	(Lime green x Purple) x Purple
	60PP
	
	60PP
	
	
	
	

	(Purple x Lime green) 
x Lime green
	31RP
	29LG
	30PP
	30LG
	1:1
	0.07
	0.5

	(Lime green x Pink) x Pink
	45RP
	
	22.5LG
	22.5LG
	
	
	

	(Pink x Lime green) x Lime green
	32R
	28LG
	30LG
	30PK
	1:1
	0.26
	0.5


(W= white, R= red, LG = lime green, PK = pink, PP = purple, RP = red purple)

According to our study, flower colour in Nicotiana alata, can be used as an easily interpreted morphological marker in the following cross combinations:  red x white, red x lime green, lime green x white and pink x white. Some other crosses such as purple x pink and lime green x pink are not recommended because of the ambiguous results.
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Abstract: A study was conducted in Rungwe district-Tanzania, aimed at establishing causes for suboptimal reproductive performance (RP) of dairy cows and heifers kept by smallholder farmers and investigate on possible interventions. Phase I of the study involved a survey to identify reproductive status of the animals. Monitoring was done in phase II, to assess the mineral, body weight (Bwt), body condition score (BCS) and RP of the animals. It was observed in phase I that breeding by natural mating (hand mating) and zero grazing were practised by all the respondents. Drying up of pregnant cows was done 1-3 months prior to calving without steaming up. Supplementary feeds varied in composition and amount and the supply varied with availability of ingredients. The observed average calving interval (CI) was 526.5 ± 133.7 days (range 365 – 1095 days and coefficient of variation (CV) was 25%. This was longer (P<0.05) than expected CI (375 days).
During monitoring phase calcium (Ca) and copper (Cu) deficiencies were observed, where mean plasma Ca and Cu concentrations were 6.9 ± 1.1 mg/dl (CV = 16%) and 0.5 ± 0.2 µg/ml (CV = 40%), respectively. Mean phosphorus level was 7.2 ± 2.0 mg/dl (CV = 28%). Mean Bwt and BCS were 342.1 ± 66.8 kg (CV = 20%) and 1.8 ± 0.5 (CV = 28%), respectively. Cyclicity resumed after 90 days postpartum in 86% of the animals and first visual oestrus was observed 142.9 ± 29.2 days post partum (range 59 – 164 days and CV = 20%). Suboptimal RP was indicated in the initial survey and confirmed in phase II. It was suggested that supplementation of the deficient minerals starting 1 month precalving to 3 months post calving and energy for 2 months before and after calving could improve the RP.
INTRODUCTION

Rungwe district belongs to Southern Highlands Zone (SHZ) of Tanzania where increase in dairy herd has been low compared to projected numbers and long calving interval (CI) has been suspected to be a contributing factor (Mwakyembe, 1996). Elsewhere, negative energy balance and mineral deficiencies and/or imbalances have been indicated to contribute to poor reproductive performance (RP) and among minerals, Ca, P and Cu deficiencies have been shown to adversely influence the RP of cattle (Call et al., 1986; Manickam and Balagopal, 1993; Garcia-Bojalil et al., 1998). The objective of the present study was to establish causes for suboptimal RP in dairy cattle in the district and propose possible interventions.

MATERIALS AND METHODS

Study area

Rungwe district has an area of 2,211 km2 located between longitudes 330 20' E and 340 00'E and latitudes 8050'S and 9020'S. It’s altitude varies from 1,000m to 2,958m. Annual precipitation of 1700mm to 2400mm is distributed almost throughout the year except for September and October. Average temperature is between 230C and 250C.

Phase I - Survey to identify reproductive status of the animals

A cross sectional study design was used with multistage, purposive sampling followed, to obtain 3 divisions, and 2 wards from each division depending on the availability of dairy cattle keepers and accessibility. Two villages were randomly selected from each of the selected wards and 6 farmers were selected from each of the villages depending on their availability and willingness to participate in the study. The selected divisions with wards in parentheses were Pakati (Masoko and Mpuguso), Tukuyu (Bagamoyo and Bulyaga) and Ukukwe (Kyimo and Kiwira). Participatory Rural Appraisal technique was used for data collection.
Means, ranges and standard deviations were calculated and Chi-square test was used to compare the observed and expected CI using SPSS 9.0 for windows (Copyrightã SPSS Inc, 1989-1999).

Phase II - Monitoring of animals’ mineral, body conditions and reproductive performance status
Research design and sampling

A longitudinal monitoring experiment with multistage, purposive sampling was set where the same 3 divisions were selected as in phase I. Afterwards, 3 wards were selected from each of the 3 divisions depending on availability of dairy cattle keepers and accessibility. One village and 3 farmers were then selected from each of the selected wards and villages, respectively. The farmers were selected depending on their availability, having a cow or heifer that was about 7 months pregnant and willingness to participate in the study. A sample of 27 animals (7 months pregnant) was then obtained from the farmers (one animal per farmer). Oestrus detection and hand-mating the animals were performed and recorded by farmers. The animals’ identity, breed and parity were recorded.

Samples and measured parameters

Milk and blood samples were collected between March and June, 2002.

· Milk samples were collected once every 5 days from 14 to 90 days post calving for determination of progesterone concentration. Milk samples were also collected when heat signs were observed on days different from the days scheduled for sampling.

· Blood samples for determination of Ca, P and Cu concentrations, were collected monthly (starting about 60 days precalving to 90 days post calving) by jugular venipuncture using 5ml EDTA vacutainer tubes (BD Vacutainer Systems, Plymouth, UK). The samples were centrifuged at 2000 revolutions per minute for 15 minutes to obtain plasma that was kept frozen at –200C until when laboratory analyses were carried out.
· Individual body weights were estimated monthly by measurement of heart girth circumference with a weigh band.
· Body condition scoring was done monthly (scale of 0-5 with half scores in between).

Laboratory analyses

Standard radioimmunoassay (RIA) was used to determine progesterone level. An increase in progesterone concentration after calving above 1 ng/ml or more for 2 consecutive sampling days was considered an indication that ovulation had taken place (Terqui et al. 1982).
Calcium and P concentrations were determined by spectrophotometer method (Kessler and Wolfman, 1964) while Cu concentration was determined by atomic absorption spectrophotometric technique (Paynter, 1987).

Calculations of reproductive parameters

· The interval between calving and observation of first visual oestrus was calculated from records and confirmed by RIA of milk progesterone.
· Days to start of postpartum cyclicity were determined by RIA of milk progesterone.

· Oestrus detection rate was calculated as the proportion of visible heats recorded by farmers expressed as a percent of those cows registered as being in oestrus by use of milk progesterone assay.

Statistical analysis

The computer program, SPSS 9.0 for windows (Copyrightã SPSS Inc, 1989-1999) was used to calculate means, ranges and standard deviations.

RESULTS
Phase I - Survey to identify reproductive status of the animals

1. System of rearing cattle, drying off and supplementary feeding of dairy cattle in Rungwe District

Most respondents (94.4%) practised indoor rearing of the animals (zero grazing), where grasses were cut and carried to feed the animals (Table 1.0).  
Table 1:
Rearing system, dry period and supplementation of cattle as reported by farmers in Rungwe district

	
	
	
	Division

	Rearing system
	N
	Overall
	Tukuyu
	N
	Ukukwe
	N
	Pakati
	N

	Zero grazing
	68
	94.4%
	95.8%
	23
	95.8%
	23
	91.7%
	22

	Mixed
	4
	5.6%
	4.2%
	1
	4.2%
	1
	8.3%
	2

	
	
	
	
	
	
	
	
	

	PC1 Drying off
	
	
	
	
	
	
	
	

	Yes
	59
	100%
	100%
	19
	100%
	22
	100%
	18

	No
	0
	0%
	0%
	0
	0%
	0
	0%
	0

	
	
	
	
	
	
	
	
	

	Dry period length (months)
	59
	2.1±0.3

(1-3)
	2.1±0.3

(2-3)
	19
	2.1±0.3

(2-3)
	21
	2.0±0.4

(1-3)
	19

	
	
	
	
	
	

	Provision of supplement
	
	
	
	
	
	
	
	

	Yes
	68
	94.4%
	100%
	24
	95.8%
	23
	87.5%
	21

	No
	4
	5.6%
	0%
	0
	4.2%
	1
	12.5%
	3

	
	
	
	
	
	
	
	
	

	PC supplementation (C-2)2
	
	
	
	
	
	
	
	

	Yes
	10
	16.4%
	23.8%
	5
	14.3%
	3
	10.5%
	2

	No
	51
	83.6%
	76.2%
	16
	85.7%
	18
	89.5%
	17

	
	
	
	
	
	
	
	
	

	3PP supplementation
	
	
	
	
	
	
	
	

	Yes
	59
	100%
	100%
	20
	100%
	21
	100%
	18

	No
	0
	0%
	0%
	0
	0%
	0
	0%
	0

	
	
	
	
	
	
	
	
	

	Supplementation rate (kg/day)


	58
	1.9±0.4

(1-3)
	2.0±0.4

(1.5-3.0)
	20
	1.9±0.3

(1.5-2.5)
	20
	1.7±0.4

(1.0-2.5)
	18

	Days concentrate supplemented per month


	58
	19.2±5.0

(10-30)
	21.7±4.8

(10-30)
	20
	18.4±5.1

(7-28)
	20
	17.3±4.4

(10-28)
	18

	Mineral mix supplementation rate (g/day)
	54
	23.8±13.4

(10-70)
	25.5±15.4

(10-70)
	19
	24.5±12.8

(10-50)
	18
	21.1±11.8

(10-40)
	17

	Days minerals supplemented per month


	58
	13.7±7.0

(0-30)
	17.9±5.9

(8-30)
	20
	15.2±5.6

(5-28)
	20
	7.4±5.1

(0-15)
	18


1PC = Precalving, 2C-2 = 2 months precalving, 3PP = Postpartum
The remaining farmers practised a mixed system (semi-outdoor), where animals were occasionally tethered during certain periods of a day and/or whole day. All interviewed farmers dried off their pregnant animals for 1 to 3 months before calving. However, there was no deliberate effort of steaming up such animals, although 16.4% of respondents would supplement them during this period.

Most respondents (94.4%) across the divisions provided supplementary feeding subject to availability of concentrate and largely limited to lactating cows (Table 1.0). On average, farmers could afford to feed 1.9 kg of concentrate per day for 19.2 days in a month. Home made concentrates of varying physical and chemical composition, and amounts of ingredients were used for supplementary feeding though the most common ingredients were hominy meal, sunflower seed cake and commercial minerals. The most commonly used mineral mix was Super Maclick® (Coopers Kenya Ltd). The supplement composition varied from a concentrate including all the named ingredients to only hominy meal. About 23.8 g/day of mineral mix were included in the concentrate for an average of 13.7 days in a month.

Supplementary feeding was rarely given according to level of production or stage of lactation. When available, amount of concentrate offered ranged between 1 and 3 kg per day divided between morning and evening milking sessions.
2. Dairy cattle breeding and reproductive performance

All interviewed farmers practised year round breeding of cattle using natural mating (hand mating) method. Findings during group discussions showed that farmers had broad knowledge on oestrus detection obtained through courses organised by non-governmental organisations’ projects, government extension field staff and fellow farmers. The method used for oestrus detection was by visual observation of signs of oestrus. Farmers observed their animals for oestrus signs at least twice a day. Generally, farmers kept records, which included age at first heat and dates of heat, service and calving.

The CI varied between 365 and 1095 days with an overall mean of 526 days across the divisions (Table 2). This was significantly (P<0.05) longer than the range of 375 to 390 days that is expected in a well-managed herd.
Table 2: Means (± SD) for reproductive performance indices
	
	
	Division

	
	N
	Overall
	N
	Tukuyu 
	N
	Ukukwe
	N
	Pakati

	Age at puberty (months)
	59
	20.5±1.0

(16.8-25-5)
	21
	20.1±1.8

(16.8-23.0)
	21
	20.3±1.8

(17.0-23.5)
	17
	21.3±1.8

(17.0-25.5)

	Age at first mating (months)
	58
	21.5±1.8

(17.5-26.2)
	20
	21.1±1.7

(17.5-23-7)
	21
	21.2±1.8

(17.5-24.5)
	17
	22.3±1.6

(19.5-26.2)

	Age at first calving (months)
	58
	30.8±1.8

(26.8-35.5)
	20
	30.4±1.7

(26.8-33.0)
	21
	30.5±1.8

(26.8-33.8)
	17
	31.6±1.6

(28.8-35.5)

	Calving interval (days)
	56
	526±123

(365-1095)
	20
	495.3±81.0

(395-675)
	21
	500±75.9

(365-615)
	15
	603.4±183.0

(380-1095)


Note: Numbers in parentheses indicate the range for a given mean

Phase II - Monitoring of animals’ mineral, body conditions and reproductive performance status.

Calcium levels showed fastest decrease from one month precalving to one month postcalving (Figure 1). Copper values showed a decrease one month precalving and after one month to three months postcalving. Phosphorus levels showed steepest decrease for one month after calving. Body weight increased two months before calving then declined a month before and after calving. There was a slight decrease in body weight between the first and second months after calving followed by an increase towards the third month. A similar trend was shown by the BCS.

Heat detection rate was 66%. Cyclicity started after 90 days postpartum in 86% of the animals and the first visual oestrus was observed 142.9 ± 29.2 days post partum (range 59 – 164 days).


[image: image6.emf]C-2 C-1 C C+1 C+2 C+3

0

1

2

3

4

5

6

7

8

Bwt (x100kg)

BCS

Ca(mg/dL)

P(mg/dL)

Cu(ug/ml)

Months before and after calving (C=Calving)


Figure 1: Plasma Ca, P and Cu concentrations, body weight and body condition score trends between 2 months prepartum (C-2) and 3 months postpartum (C+3)

DISCUSSION AND CONCLUSION

Reproductive performance of smallholder dairy cattle in Rungwe as indicated by CI (526.5 ± 133.7 days) was poor compared to the expected value of 360-390 days (Roberts, 1971). In the present study, the start of ovarian cyclic activity was beyond 90 days after calving and first visual oestrus of 142.9 ± 29.2 days were late, indicative of suboptimal RP of the animals. In dairy cattle cyclicity resumes 14 to 21 days postpartum (Yavas and Walton, 2000) and interval from parturition to first observed oestrus varies from 30 to 76 days (Roberts, 1971). 
In the present study, the mean BCS of 1.9 at calving implied low energy intake as it was far below the recommended value of 3.5 (McDowell, 1994). Low energy and minerals intake (about 23.8 g/day of mineral mix included in the concentrate for an average of 13.7 days in a month) might have significantly contributed to the poor RP because precalving steaming up of animals was not normally done, supplementary feeding was rarely given according to level of production or stage of lactation and mineral supplementation was not regular. Additionally, farmers in Rungwe district provided improper forage combinations and offered feeds at low dry matter intake below the recommended rate of 3% of live weight (Mussa, 1998).

In the present study, plasma Ca and Cu levels were below the reference values throughout the four months' study period, and indicated nutritional deficiencies for the two minerals. Plasma Ca and P concentrations of > 10 mg/dl and > 6 mg/dl, respectively indicate high levels of the minerals (McDonald et al., 1997) whereas Cu concentrations < 1 µg/ml are indicative of low Cu levels in plasma (Blood and Radostits, 1989). Suppressed oestrus has been observed in cows grazing on Cu deficient pastures (Underwood, 1977). Copper supplement also, reduces conception interval and matings per conception (Manickam and Balagopal, 1993). The observed decrease in the minerals starting one month prior to calving suggests the appropriate period when strategic intervention can be carried out.
The mean BCS of 1.9 at calving was below 3.5, a value recommended by McDowell (1994). The decrease in BCS from 2 months prior to calving to 2 months postcalving and the loss of weight 1 month before calving until 2 months after calving could serve as a guide to determine the appropriate time to strategically supplement the animals with locally available energy feeds in order to attain the recommended BCS in an effort to improve the RP. Energy balance plays a major role in initiation of ovulatory ovarian cycles in postpartum dairy cattle (Canfield and Butler, 1991).
It is concluded from this study that the RP in the smallholder dairy cattle in Rungwe district is suboptimal and the animals suffer from Ca and Cu deficiencies. Supplementation of the deficient minerals starting 1 month precalving to 3 months post calving could shorten the period from calving to resumption of cyclicity as well as first observed oestrus. In addition, energy supplementation for a period of 2 months before and postcalving could promote early initiation of ovulatory ovarian cycles and early first observed oestrus postpartum. There is therefore a need of testing the two components of the strategy so that more comprehensive recommendations on how to improve the RP of the smallholder dairy cattle in Rungwe district could be given.
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Abstract: Systematic sampling of circular plots was undertaken in Munene forest reserve to assess the status of natural forest regeneration, tree density, basal area and tree volume per hectare, timber species present and the uses of tree species by adjacent villagers. Moreover participatory rural appraisal methods were used in data collection. Secondary data supplemented the information gathered. Descriptive statistics and percentages were generated using MS Excel spread sheet programme. Quantitative and qualitative data were analyzed using Statistical Package for Social Sciences programmes and content analysis respectively. Results indicated that the reserve contained 24,884 regenerants per hectare. Manilkara obovata was the most prevalent (19.6%) and Podocarpus falcatus (East African yellow wood) the least dominant (0.3%) species. Number of stems per hectare averaged 823 (SE = 22.28) and were from 68 different species and 27 families. Their distribution followed the reversed J-shape curve. Mean basal area and tree volume were 21 (SE = 0.91) m2ha-1 and 217 (SE = 12.94) m3ha-1 respectively. Timber species M. obovata and P. falcatus accounted for 8.1% and 1.6% of total tree volume respectively, the rest of the trees were neither utilized as timber nor considered marketable species in the study area. However the non-marketable species such as Cleistanthus polystachus, M. obovata, Pseudospondias microcarpa and Syzygium guineense were used elsewhere as timber in Tanzania and Kenya. M. obovata was not harvested due to its hardness and P. falcatus was the only species logged illegally due to its decorative timber. Less than 13% of respondents used various forest products which ranged from firewood to local medicine for treating syphilis, gonorrhea, pneumonia, rheumatism and snakebites. It was concluded that the forest contained two known timber species with P. falcatus in danger of extinction. It is proposed that local community be involved in conservation of the forest and the suitability of other species for timber is investigated. 
Key words: Natural forest regeneration, stocking structure, Manilkara obovata, Podocarpus falcatus, Munene forest reserve of Tanzania

INTRODUCTION

There is limited knowledge on the condition of natural regeneration, species composition and structure of many tropical forests in Africa (Godoy 1992, Wending et al., 2003). Many African countries lack reliable data that could be used in planning and implementing community based forest management (Hitimana et al. 2004). Moreover these countries set very little budgets for forestry activities (Kajembe et al., 2004). The forest owners are interested in knowing which trees grow within their forests, how much species are marketable and how to set up management and utilization plans (Lamprecht, 1989). The forest owners can be the Government, the community or private people. The value of any forest is determined by its growing trees or stocks. Variables of forest stocks are the counts on natural regeneration, number of tree stems, basal area in square meters, and volume in cubic meter per hectare and per species (Lamprecht 1989, Kiyiapi 2000, Hitimana et al., 2004).

Natural forest regeneration and standing stocks in tropical forests have been studied in Latin America (Lamprecht 1989; Killeen et al., 1998; Marin et al. 2005, Ruschel et al. 2005), South East Asia (Whitmore 1975, Kaduvul and Parthasarathy 1999) and East and Southern Africa (Wending et al. 2003, Hitimana et al. 2004, Kajembe et al., 2004, Boudreau et al., 2005). Natural forest regeneration comes from seedlings, vegetative sprouts, and root suckers (Pardo et al., 2005). The recruitment of young plants passes through seedling, sapling and maturity growth phases. Some authors include saplings into natural regeneration and others do not. According to Newton (2007) seedlings are small trees originating from seeds; sprouts are stems from cut trees or roots; and saplings are young trees less than 10cm diameter breast height (dbh) and taller than 1.3m; and adult trees as those with dbh of 10cm or more. In this study natural forest regeneration was arbitrary chosen to represent seedlings between 0.3 and 1.3m height and originating from the seeds. 

The structure of a forest consists of diameter size distribution of individual tree species or a community (Davis and Johnson 1987, Philip 1994). The number of trees or basal area per hectare represents the spatial distribution of individual tree species within the forest and distribution of different species (Kaduvul and Parthasarathy, 1999). Diameter size distributions are used in management to plot forest stocks (Davis and Johnson, 1987). Uneven-aged forests normally show a reverse J diameter class distribution with many young and few old tree species (Lamprecht 1989, Hitimana et al. 2004, Boudreau et al., 2005).

Natural forest regeneration and structure of standing stocks of forests in Tanzania is not well documented. Few reports exist from the forests of the Eastern Arc Mountains in Morogoro, Coast and Tanga Regions (Luoga et al., 2002; Wending et al., 2003, Kajembe et al., 2004). These regions are well connected with road networks.  Data on the condition of the forests in peripheral regions such as Kagera, Kigoma and Rukwa are lacking. Therefore the researcher saw the need to fill in the gap in knowledge by conducting research in Munene forest reserve (F. R.) in Bukoba Rural District of Kagera Region. So far no study has been undertaken to determine the condition of resources available in the forest reserves in Bukoba Rural District. 

The high demand for timber–especially Podocarpus falcatus for production of high quality furniture’s, has lead to loggers harvesting only this species from Munene F. R. The species is preferred by the markets not only in Bukoba but also in neighboring Uganda because of its attractive yellow wood. Local and international loggers go into the forest reserve at night with hurricane lamps and illegally harvest this tree. Thus the illegal harvesting of P. falcatus only was seen as a problem which threatened its existence. Also adjacent villagers were illegally harvesting some forest products. There was a need to conserve the forest and curb the illegal harvesting of P. falcatus by involving local communities living within the vicinity. Before this could be achieved, data on the natural forest regeneration, tree density, forest structure and uses of various species by local community were needed.

The objectives of the study were to: 

· Evaluate the regeneration present in the forest reserve by species

· Examine the stocking structure of the reserve per species

· Assess the potential of the forest to supply timber on commercial basis 

· Explore the types of resources collected from the reserve by villagers

· Come up with recommendations on how adjacent communities could be involved in the management of the forest reserve 

MATERIALS AND METHODS

Study area

Munene F. R. was chosen as a study site because adjacent villagers were excluded from collecting forest products by local government but continued harvesting its products without permission. Bukoba District Council also wanted to start issuing licenses for commercial timber exploitation in this reserve and therefore wished to know exactly the resources available in the forest. The reserve lies 20km west of Bukoba town, along Kyaka–Mutukula road, between latitudes 31o and 31o81’East and longitudes 1o14’ and 1o 20’South of Equator on an almost flat terrain. River Ngono flows through this forest. Surrounding villages are Buchurago and Bulembo in the south, Bugorora in the north, Rugaze and Ishozi in the east. 

Sampling Design and Intensity

Sampling of the forest reserve

A systematic sampling design was used. There is a relationship between the size of the forest, the number of sample plots and sampling intensity as shown in the following formula (FAO, 2000): 


N =
 Area * Sampling Intensity 


Plot size x 100

Whereby N

= Number of sample plots

Area


= acreage of entire forest (= 2,326 hectares in this study)

Plot size

= size in m2 (= 500m2 in this study)  

Sampling intensity
= 0.5% of area (it was chosen arbitrary) 



Two hundred thirty three sample plots were laid on 24 transects drawn on the 1:50,000 topographic map at 300 meters intervals for the entire forest reserve. The first circular plot of 500m2 was established on first transect 100m inside the forest in order to avoid edge effects. A circular subplot of 12.57m2 was established within the main plot and was used for counting regeneration. Subsequent plots were located on the transect lines using meridian compass and rope chain. The inventory team was made of foresters and three elderly male persons selected among villagers. The three villagers helped in the identification of tree species in local language. 
Sampling of households and key informants

Sampling was carried out in Buchurago, Rugaze and Bugorora villages. In each village 30 heads of households were selected systematically by counting every seventh household from a list available at the village’s government register. Households were then identified physically. A snowball or chain sampling was used for key informants (local government officials, forest extension officers, timber loggers and sellers, local carpenters, traditional healers and elderly people).
DATA COLLECTION

From the forest reserve

In each sample plot data was collected on the following variables:

· Diameter breast height of all trees with 5cm and above, measured using calipers and diameter tapes for larger trees  

· Height of a tree closest to the plot center, assessed using Suunto hypsometer
· Local names and uses of tree species (timber, firewood, poles, medicine etc).
Natural regeneration was assessed by counting the number of individuals per species of all trees between 0.3 and 1.3m height. Samples of unknown tree species were identified at Lushoto Herbarium. 

From the households and key informants

Semi structured questionnaire was administered to 90 heads of selected households in three selected villages. Focus group discussions, interviews with key informants were also carried out. The questions focused on places where they collected firewood, poles and wood used in the carpentry, and which tree species they used for what purposes. If the tree species was used for treating various diseases traditional healers were further asked about types of plant parts used, type of diseases treated, and how the medicine was applied. Interviews were conducted in Kiswahili. Secondary data was obtained from lavailable iterature.

Data Analysis

First, the checklist of trees and shrub species was prepared for the entire forest reserve.  Secondly, each species was given the code number for subsequent calculation. Since only sample trees were measured for total height, a height-diameter relationship was first established and then the equation developed and used to estimate the height of trees which were not measured. The height-diameter equation developed for Munene forest reserve was:  Ht = 2.247 x Dbh0.629
Where: Ht 
= total tree height in meters

Dbh 

= diameter at breast height in centimeters

R2  
= coefficient of determination, = 0.76 (No. of observation = 165, Standard Error = 1.27)

Similar height-diameter equations were developed and used by Kajembe et al. (2004) for the forests in Morogoro Region. 

Tree’s density in terms of number of stems per hectare, basal area (G) in m2 per hectare and volume  (V) in m3 per hectare were computed using standard mensuration formulae.  Single tree volumes were calculated using the general volume formula:  Vi
= f*g*hi  (Philip, 1994).
Where
Vi 
= tree volume in m3
.f  
= tree form factor (form factor of 0.5 was used; Malimbwi and Mgeni 1991)


.g 
= tree basal area in m2

.hi 
= total height of ith tree in meters

All the computed parameters were separated into 8 diameter classes namely 5-10, 11-20, 21-30, 31- 40, 41- 50, 51- 60, 61-70 and >71 cm.  Descriptive statistics and percentages were generated using MS Excel programme. Statistical Package for Social Science (SPSS) version 11.5 was used in analyzing semi-structured questionnaire while data collected from focus group discussions and interviews with key informants was analyzed qualitatively (content analysis).

RESULTS AND DISCUSSION
Counts on Natural Forest Regeneration
Table 1 presents the list of regenerating tree species counted in the reserve. There were 24,884 seedlings per hectare from 68 different species and 27 families. Nine most dominant trees in the natural regeneration were Manilkara obovata, (19.6%, ranked no. 1), Chionanthus mildbraedii, (18.6%), Ficus thornningii, (9.4%), Laptaulus daphnoides, (9.1%), Lasianthus kilimandscharica, (8.3%), Cleistanthus polystachyus, (6.6%) Baphiopsis parviflora, (6.3%), Unknown (4.9%) and Baphia macrocalyx (4.1%, ranked no. 9). From this list only M. obovata was known as timber species. Another timber species found was Podocarpus latifolius but was rare with only 0.3% (ranked no. 19). 
Data from other forests in Morogoro, Tanzania indicated natural regenerations of between 4,000 and 10,000 seedlings ha-1 (Ministry of Natural Resources and Tourism (MNRT) 2002) which were lower than the 24,884 observed in this study.  Elsewhere in the Far East, Whitmore (1975) found in the Dipterocarpus rain forests 24,000 seedlings per hectare which is almost within the range of this study. But in Venezuela rainforest Lamprecht (1989) counted 34,752 to 72,000 seedlings (0.3 and 1.3m height) per hectare. The Venezuela values are higher than the ones found in Munene F. R. probably due to differences in climate, soils and elevation. Other factors which influence regeneration are light requirements, seasonality, dispersal mechanism of seeds and wildlife feeding on seedlings (Pardos et al., 2005), amount of seeds produced (Greene et al., 1999) and viability (Nathan and Casagrandi 2004). Factors responsible for low abundance P. falcatus are not yet known.
Table 1:   Number of regenerating tree seedlings (0.3 – 1.3m height) per hectare in Munene F. R

	Botanical name
	Local name
	No. ha-1
	%
	Rank

	Manilkara obovata (Sab.et G. Don) J. H. Memsl.
	Enkunya
	4,884
	19.6
	1

	Chinoanthus mildbraedii (Gilb. Et Schell) Tsream
	Omuwa
	4,626
	18.6
	2

	Ficus thonningii Blume
	Omukunyu
	2,341
	9.4
	3

	Laptaulus daphnoides Benth.
	Omulyangabi
	2,251
	9.1
	4

	Lusianthus kilimandscharica K. Schumacher
	Omushekela
	2,074
	8.3
	5

	Cleistanthus polystachus Planch.
	Omwiziti
	1,648
	6.6
	6

	Baphiopsis parviflora Benth.
	Omutoko
	1,579
	6.3
	7

	Not known
	Omutukuzana
	1,227
	4.9
	8

	Baphia macrocalyx Harms
	Enkobakoba
	1,020
	4.1
	9

	Albizzia glaberrima (Schum. et Thornn) Benth.
	Omuyenzeyenze
	624
	2.5
	10

	Afrosersalisia cerasifera (Welw.) A. Chev.
	Omukaraito
	559
	2.3
	11

	Strychnos mitis E. Moore
	Omwandiyo
	443
	1.8
	12

	Not known
	Olungamkoma
	267
	1.1
	13

	Euphorbia sp.
	Omukonyi
	241
	1.0
	14

	Ouratea densiflora De Wild et Th. Durand
	Omunyaibabi
	237
	0.9
	15

	Not known
	Omushunguti
	155
	0.6
	16

	Macaranga monandra Muell. Arg.
	Omushekwanyonyi
	95
	0.4
	17

	Antidesma venosum Tul.
	Omutuwa
	82
	0.3
	18

	Podocarpus falcatus Mird.
	Omusenenezi
	69
	0.3
	19

	Other species*
	
	466
	1.8
	20


*Included 25 trees species such as Teclea nobilis, Blighia unijugata, Grewia conocarpa, Bersama abyssinica, Sclopia zegheri, Treculia africana, Vitex buchanananii, Bleischmiedia ugandensi, Phoenix reclinata, Maesopsis emenii, Syphonia globulifera, Rytigynia uhligii etc. 

Stocking structure

Number of stems

The average number of stems per hectare was 823 (SE = 22.27). This value was less than the 988 and 1161 stems ha-1 reported for the East Usambara and Uluguru Mountains in Tanzania respectively (Munishi et al., 2004).  Malimbwi and Mgeni (1991) found in Mazumbai forest reserve in Lushoto tree density of only 401 stems and Kajembe et al. (2004) measured in the North Mamiwa-Kisara forest reserve in Morogoro region 665 stems per hectare which were less than the 823 stems found in this study. Site and climatic conditions as well as human activities influence the number of stems in a given forest (Hitimana et al. 2004, Kajembe et al. 2004).

The distribution of the number of stems per hectare in the forest followed the reversed J-shape (Fig 1) typical for uneven-aged forests (Lamprecht; 1989, Malimbwi and Mgeni; 1991, Hitimana et al., 2004, Kajembe et al., 2004). This type of distribution indicates that the proportion of trees in small diameter classes is higher than those in big diameter classes (Kaduvul and Parthasarathy, 1999; Luoga et al., 2002; Hitimana et al. 2004, Marin et al. 2005).

[image: image29.emf]0

10

20

30

40

50

1 2 3 4 5 6 7 8

Dbh Classes

Volume & Basal area ha

-1

G

V


Figure 2:
Tree diameter class distribution in Munene Forest Reserve

Basal area and wood volume

Mean basal area was 21 ( 0.91 m2ha-1 and was almost similar to that of 22.4m2 reported by Kajembe et al., (2004) and by the MNRT (2002) for rain forests in Morogoro region in Tanzania. Hitimana et al., (2004) also found basal area of 21.0m2ha-1 in Mt. Elgon forest of Kenya. In contrast to these observations, Malimbwi and Mgeni (1991) and Munishi et al., (2004) measured higher basal areas of 52, 83 and 104m2 for forests in Lushoto, Uluguru and East Usambara Mountains in that order.  The difference observed in basal area between Munene F. R and three sites might be due to soils, climate and differences in altitudes as well as human influences.  

Tree height averaged 12.3m. Mean diameter breast height was 15.9cm. These variables were used in computing basal area and tree volume per hectare. Figure 2 shows distribution of basal area and volume per hectare of the forest. The mean volume was 217 ( 12.94 m3ha-1.  This value was similar to the ones reported for rain forests in Morogoro (MNRT 2002, Kajembe et al. 2004). Results from Transmara forests in Kenya indicated wood volumes of between 350 to 450m3 per hectare (Kiyiapi 2000) and those from tropical rainforests in Venezuela showed values between 343 and 569m3ha-1  (Lamprecht 1989). The Kenyan and Venezuela values are higher than the 217m3 observed in this study probably due to soil types, rainfall and elevation.  
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: Distribution of basal area and volume in Munene Forest Reserve

Table 2: Distribution of tree species in terms of volume in Munene Forest Reserve

	Name of tree species
	% Proportion
	Rank

	Baphia macrocalyx Harms
	17.0
	1

	Ficus thonningii Blume
	15.3
	2

	Cleistanthus polystachus Planch.
	15.2
	3

	Manilkara obovata (Sab. Et G. Don) J. H. Memsel.
	08.1
	4

	Pseudospondias microcarpa (A. Rich) Engl.
	05.2
	5

	Syphonia globulifera L. f.
	03.9
	6

	Syzygium guineense Willd. D. C.
	03.0
	7

	Baphiopsis parviflora Benth.
	02.6
	8

	Albizia glaberrima (Schum. et Thornn) Benth.
	02.4
	9

	Laptaulus daphnoides Benth
	02.4
	10

	Unknown
	01.9
	11

	Afrosersalisia cerasifera (Welw.) A. Chev.
	01.7
	12

	Podocarpus falcuttus Mird.
	01.6
	13

	Other species*

	19.7
	14


*Included 50 species such as Bleischmiedia ugandensis, Macaranga monandra, Chionanthus mildebraedii, Strychnos mitis, Treculia africana, Lusianthus kilimandscharica, Parinari excelsia etc.
(G = Basal area in m2 per hectare, V = tree volume in m3 per hectare)

Table 2 presents the dominant tree species in terms of volume. B. macrocalyx was the most dominant (17%, ranked no. 1) and P. falcatus the least dominant (1.6%, ranked no. 13) species. The first 10 species contributed about 75% of the total volume. Out of these species only M. obovata (8.1%), was used as timber during the British colonial rule. M. obovata was not cut due to its hardness but it was used in Kenya for timber (Kiyiapi 2000). The rest of dominant species had no market value. East African yellow wood (P. falcatus) which was a preferred timber species contributed only 1.6% on the total volume. Therefore the species has little potential of supplying timber to the markets on sustainable basis. It should be left as potential mother tree crop that produces seeds for natural regeneration. Research is required to find out timber properties of other dominant trees which are used by local villagers in carpentry. Elsewhere within Tanzania Cleistanthus polystachus, Pseudospondias microcarpa and Syzygium guineense are used as timber.  These species if used could raise the value of the reserve to 32.9 % of the volume. Therefore raising awareness on their use will be required.

Sources of firewood, building poles and wood for village carpentry

About 87.2% of respondents do not depend on the forest reserve for supply of firewood, building poles and wood for local carpentry. They got these commodities from their farms and public lands. Only up to 12.8% gathered these commodities from the reserve (Table 3).

Table 3: Sources of firewood, building poles and wood for carpentry in three villages adjacent to Munene Forest Reserve (% of respondents, N= 90 Households)

	Name of Village
	Firewood
	Building poles
	Wood for Village Carpentry

	
	Reserve
	 Public
	Farm
	Reserve
	Public
	 Farm
	Reserve
	Public
	Farm

	Rugaze
	18.2
	59.6
	22.
	7.5
	14.3
	78.2
	10.5
	71.4
	18.1

	Buchurago
	06.9
	52.4
	40.7
	5.5
	10.6
	83.9
	15.6
	65.2
	19.2

	Bugorora
	8.5
	65.7
	25.5
	4.3
	16.7
	79.3
	12.4
	55.6
	32.0

	Mean
	11.2
	59.2
	29.6
	5.7
	13.9
	80.4
	12.8
	60.1
	23.1


Use of tree species from the forest by adjacent villagers

Focus group discussions and discussions with key informants indicated that 27 out of the 68 species were used for firewood, 20 for carpentry, 13 for medicine, 12 for building poles and 8 species for fruits (Table 4). The preferred timber species in decreasing order of importance were P. falcatus, M. eminii, P. excelsia, Diospyros abyssinica and S. zeyheri. These species were rare in the forest. 

Traditional healers used leaves, backs and roots of different species to treat various diseases. They mixed roots of Albizia gummifera, Erythrina abyssinica, and Senna didymobotrya in the treatment of malaria. Boiled roots, bark and leaves of Antidesma venosum, E. abyssinica, S. didymobotrya, and Zanthoxylum chalybeum were used in treatment of snake bites. Boiled roots and leaves of E. abyssinica, V. buchananii, and S. didymobotrya cured gonorrhea and syphilis. Boiled roots of A. venosum and extracts of twigs of Bersama abyssinica were reported to cure hook and roundworms. Mixture of roots and leaves of T. mobilis and bark of Rauvolfia caffra treated pneumonia and rheumatism. Crushed pods of A. gummifera and powdered leaves, twigs and roots of A. venosum treated stomach pains. Local medicine was very important in the three villages because dispensaries were far away and lacked regular supply of medicine.

Studies carried out in East Usambara (Hamilton and Bensted-Smith, 1989), Shinyanga (Dery and Otsyina 2000), Babati (Otieno et al., 2001), Morogoro (Wilfred el al. 2006) and Udzungwa (Kitula 2007) in Tanzania indicated that 34 – 49.3% of all identified species were used in traditional medicine. In this study 19.1% of tree species were used in traditional medicine. These species represented valuable genetic resources which need conservation. Debarking and cutting of the roots for the purpose of getting local medicine may lead to extinction of some species which do not produce root suckers. The ingredients and efficacy of medicinal tree plants is not yet known; therefore will require more research.
Fruits were collected from the tree species such as B. ugandensis, M. obovata, P. excelsa, Pseudospondias microcarpa, S. zeyheri, Syzygium guineensee, Tetrapleura teraptera and Vitex buchananii. The use of wild fruits by indigenous people has also been reported in East Africa (Ngulube 1995, Wilfred et al., 2006). The harvesting of fruits normally posed no threat to the existence of the forest reserve. 

Table 4:  Uses of tree species of Munue F. R. as reported by key informants and villagers surrounding the forest

	Botanical name
	English and Haya name (in parenthesis)
	Reported uses

	Albizia gummifera (J. F. Gmel.) L. A. Sm (Mimos.)
	Peacock flower

(Omuyenzeyenze)
	Cp,  Fi, Ut, Fo, root treat malaria,  pods treat stomach pains, bark cure skin diseases 

	Albizia glaberima Benth.

(Mimosaceae)
	White nongo

(Omuyenzeyenze)
	Cp, Fi, Fo

	Antidesma venosum Tul.

(Euphorbiaceae)
	Tassel berry

(Engarobakama)
	Fi, Tl, Fr, chewed roots cure snake bite, roots cure liver complaints & abdominal pains, boiled roots cure hookworms

	Apodytes dimidiata E. ex Arn (Icacinaceae)
	White pear, pear wood

(Omunywamaizi)
	Cp,  Fi

	Bersama abyssinica Fresen

(Melianthaceaae)
	Winged bersama

(Omutukuzanyana)
	Cp, Fi, Ca, Ut,  leaves cure colds, twigs treat dysentery, roots cure epilepsy

	Beilschmiedia ugandensis Rendl. (Lauraceae)
	Not available

(Omwasha)
	Fi, Dc,  Fr

	Botanical name
	English and Haya name (in parenthesis)
	Reported uses

	Blighia unijugata Baker

(Sapindaceae)
	Not available

(Omuwowa)
	Cp, Fi, Po,  pounded roots  treat fever

	Diospyros abyssinica F. White (Ebenaceae)
	African ebony

(Engusha)
	Cp, Fi, Ca

	Erythrina abyssinica D. C.

(Papilionaceae)
	Red hot poker tree

(Omulinzi)
	Fi, Ut, Mo, Dr, boiled bark & roots cure gonorrhea, malaria, syphilis & snake bites

	Ficus thonningii Blume

(Moraceae)
	Strangler fig

(Omutoma)
	Rt, bark treat influenza, roots & bark induce lactation

	Ficus ovata Vahl

(Moraceae)
	Not available

(Omuselele)
	Poles,  bark for making cloth

	Grewia conocarpa K. Schumacher (Tiliaceae)
	Not known

(Omushwiga)
	Cp, Fi, Tl, Ca,  Fo

	Maesopsis eminii Engl.

(Rhamnaceae)
	Not known

Omuhumula
	Cp, Fi, Po, Fo

	Macaranga monandra Muell.Arg. (Euphorbiaceae)
	Not known

(Omushekwanyonyi)
	Fi

	Macaranga schweinfurthii Pax (Euphorbiaceae)
	Not known

(Omutangalala)
	Fi

	Manilkara obovata (Sabine et G. Don) J. H. Memsl.

(Sapotaceae)
	Milk berry

(Enkunya)
	Cp, Fi, Po, Tl, Bo, Ca, Fr 

	Markhamia lutea (Benth.) Schumacher (Bignon.)
	Not available

(Omushambya)
	Cp, Fi, Po, Tl, chewed young shoots & leaves treat throat diseases

	Phoenix reclinata Jacq.

(Aracaceae)
	Wild date palm

(Omukindu)
	Pw, leaves for roofing, basketry & making mats

	Podocarpus falcatus Mird.
(Podocarpaceae)
	E. African yellow wood

(Omusenenezi)
	Ti, Fi, Po, Tl, Ut

	Pseudospondias microcarpa (A. Rich.) Engl. (Anacardiaceae)
	Not available

(Omuziru)
	Fi, Fr, Mo, St, Wt, Dc, 

	Rauvolfia caffra Sond.

(Apocynaceae)
	Quinine tree

(Omutengo)
	Cp, Fi, Ut, bark cure  rheumatism & pneumonia, roots & stems against ascaries 

	Rauvolfia vomitoria Afzel.

(Apocynaceae)
	Not available

(Omunyabusinde)
	Fi

	Sapium ellipticum (Krauss) Pax (Euphorbiaceae)
	Not available

(Omushasha)
	Fi, Tl, roots cure coughs

	Scolopia zeyheri (Nees.) Harv. (Flacourtiaceae)
	Thorn pear

(Omuwawa, Omukenge)
	Cp, Fi, Po, Tl, Sp,  Fr , Fo

	Senna didymobotrya (Fressen) Irwin et Barley

(Caesalpiniaceae)
	Candle bush

(Omukyora)
	Fi,  leaves, stems & roots cure skin diseases in cattle, boiled leaves & roots  cure gonorrhea, measles &  malaria

	 Strychnos mitis E. Moore

(Loganiaceae)
	Not available

(Omwandiyo)
	Cp, Po, Fi

	Botanical name
	English and Haya name (in parenthesis)
	Reported uses

	Syzygium guineense Willd D. C. (Myrtaceae)
	Water berry tree

(Omuchwezi)
	Cp, Fi, Po, Tl, Ca, Fr, Fo

	Teclea mobilis Del

(Rutaceae)
	Not available

(Omuzo)
	Cp, Fi, Po, Tl    leaves treat fever,  roots & leaves cure pneumonia & rheumatism

	Tetrapleura  teraptera Taub. (Mimosaceae)
	Not available

(Omuyenzeyenze)
	Cp, Fi, Fr,      

	Treculia africana Decne.

(Moraceae)
	Wild jack fruit

(Omuzinda, Omunonoba)
	Cp, Fi, Fr

	Vitex buchananii Bak. Ex Gurke (Verbenaceae)
	Not available

(Omuunda)
	Carpentry, firewood, poles, fruits, fodder, roots cure venereal diseases

	Zanthoxylum chalybeum

(Rutaceae)
	Knob wood

(Entareyelungu)
	Fi, Po, Dr, Cp, Ca,  Sp, Mo, St, leaves  cure kwashiorkor and snakebites, bark is drunk against malaria and dizziness 


Fi = Firewood, Cp = carpentry, Po = poles, Dr = drums, Ca = carving, Fr = fruits, Fo = fodder, Sp = spoons, Mo = mortars, St = stools, Tl = tool handles, Ut = utensils, Wt = water troughs, Dc = dug out canoes, Ti = timber, Pw = Palm wine, Bo = boles, Rt = ritual tree

CONCLUSIONS 

Natural forest regeneration was 24,844 seedlings per hectare. M. obovata was the most dominant species (ranked no. 1). P. falcatus was rarely represented (ranked no.19). In terms of volume, M. obovata (ranked no. 4) was amongst the first five dominant species. P. falcatus was also sparsely present (ranked no. 13) and was in high demand due to its decorative wood. The forest was dominated (first 10 ranked) by tree species which had no market value. These results suggest that the forest can not supply the market with P. falcatus on sustainable basis. There is a danger of P. falcatus species getting extinct if the forest will be opened for commercial harvesting. This species should be conserved and ways of improving its regeneration be further investigated.   Also other suitable timber species should be explored. Species such as C. polystachus, M. obovata, P. microcarpa and S. guineense are used as timber elsewhere in Tanzania and Kenya.

Less than 13% of adjacent villagers rely on the forest reserve for forest products. The use of tree species in the traditional medicine is very common and traditional healers possess wide knowledge. They boil roots and leaves of E. abyssinica, S. didymobotrya, and V. buchananii and use the mixture in the treatment of syphilis and gonorrhea.  There is a need to control access to the forest reserve and regulate harvesting of the resources before it is too late. Villagers in the vicinity can participate under the framework of community based forest management. This policy was formulated in 1998 (MNRT 1998) and most of the foresters are still not conversant with it. They still think of protecting the forests against the destructive villagers. The villagers on their side perceived the forest reserve as government property and as such they had no say on its management. 

The government has failed to manage forest reserves due to financial constraints and insufficient manpower. It is expected that through a new policy of co-management the government will incur low costs if villagers manage the forest. The involvement of the local communities in conservation of forest reserve will increase their motivation because their roles in the management will be legally binding and therefore recognized by government. Using incentive schemes and appropriate legal framework, the villagers might become effective managers. Foresters will become technical advisors only and therefore policing will not be needed (Kajembe et al., 2006).  
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Abstract: The sampling efficiency of CDC light traps relative to human biting catches, in estimating the abundance of mosquitoes caught and their Plasmodium falciparum infection rate was evaluated in the Rufiji District between October 2001 and September 2004. CDC Light trap catches for calibration with human-biting catches were carried out on the same night as human-biting catches over a period of one year. Overall light traps captured 51% of the total catch (Anopheles. gambiae sensu lato. 61%, An. funetus 68% and Culex species. 38%). Light traps recorded significantly higher rates in mosquito density (p < 0.05). There was no correlation in the number of mosquitoes collected by the two methods (An. gambiae s.l. p = 0.2525; An. funestus, p = 0.75; Culex sp.  p = 0.3739). The ratios and the geometric mean of the two sampling methods did not differ significantly (r=0.005). Unfed An. gambiae s.l. and An. funestus mosquitoes were more abundant in light traps than in the human biting catches (p < 0.0001) while Culex species mosquitoes where more abundant in human biting catches. There was a significant difference in the P. falciparum sporozoite rate between the two collection methods (p < 0.05). Light traps recorded higher sporozoite rates than human biting rates for both An. gambiae s.l. (p < 0.05) and An. funestus (p < 0.0001). Sampling efficiency of the two mosquito collection methods regarding entomological parameters responsible for malaria transmission is discussed. The present validates the use of light traps as an alternative for human biting catches to estimate the Entomological Inoculation Rates and Vectorial Capicity in malaria transmitting mosquitoes in the study area and Tanzania in general. 
Key words: Light traps, Human Biting Catches, Mosquitoes, Rufiji, Tanzania.

INTRODUCTION

Determining the intensity of malaria transmission by mosquito population is a key component of malaria epidemiological studies (Sithiprasasna et al., 2004). The entomological inoculation rate (EIR) and vectorial capacity (VC) are two key indices of malaria transmission. The methods of measuring these parameters usually have involved human collectors who serve as bait for foraging mosquitoes and collect those attempting to feed on themselves (Garret-Jones and Shidrawi, 1969), with this method mosquitoes are caught while engaged in the very act of biting (Service, 1993). Measuring the biting rates of mosquitoes, therefore, constitutes a very important aspect of entomological monitoring for vector control interventions such as insecticides-treated nets (Magbity and Lines, 2002).

Although human biting catches technique has been widely used, there are ethical and practical reasons for minimizing its use (Sithiprasasna et al., 2004).  Human biting catches require high level of organization and is expensive in terms of time and manpower (Lines et al., 1991; Davis et al., 1995). Perhaps the most serious problem arises from the occupational hazard that exposes the human collectors to an increased risk of being bitten by malaria infected mosquitoes and other pathogens (Davis et al., 1995).  

Alternatives to human-biting catches include the use of pyrethrum spray-catches, windows-traps, pit-traps (Service, 1993), animal-baited traps (Duchemin et al., 2001), electric nets and counter-flow geometry traps (Mboera et al., 2000), odour baited traps (Costantini et al., 1996; Duchemin et al., 2001), and a variety of light traps (Lines et al, 1991; Mboera et al., 1998; Mboera et al., 2000; Sithiprasasna et al., 2004). Whereas these sampling methods may also capture extra mosquitoes, not only those feeding on humans, they eliminate the occupational exposure to infective vectors and reduce the element of human error in capturing biting mosquitoes. 

However, before reliance can be placed on an alternative method as a reliable means to evaluate human-biting activity, the relative yield of mosquitoes captured by different methods needs to be evaluated (Davis et al., 1995). The efficacy of these alternative methods to human landing catches varies greatly and in large part they depends on local anopheline species composition (Sithiprasasna et al., 2004). Mbogo et al. (1993) reported that light-traps did not provide an adequate estimate of human-vector contact (Anopheles gambiae Giles sensu lato and Anopheles funestus Giles) in coastal Kenya, whereas Davis et al. (1995) found that light traps provided an effective and sensitive means for measuring human-biting activity with the same species in coastal Tanzania. Clearly, it is necessary to assess the efficacy of candidate traps against human bait collection as means of conducting surveillance for each particular species of vectors in a given region. 

Therefore, the objective of the present study was to determine if Centre for Disease Control (CDC) light traps in combination with bed nets, provide comparable or better data to human-biting collections in Rufiji District, an area where anopheline abundance and malaria transmission intensity were demonstrated to be high (Kigadye, 2006).

MATERIALS AND METHODS

Study area

 Mosquitoes were collected from six wards in the Rufiji District (7.47°8’S, 38.62°39.17’E), located 150 km south east of Dar es Salaam. The District lies below 500 metres above sea level and an annual rainfall range of 800-1000. According to the perception of local people, and data on malaria incidence from health care facilities, malaria is the foremost health problem for both adult and children in Rufiji District (Kigadye, 2006). 
Mosquito collection 
CDC Light trap catches for calibration with human-biting catches were carried out in the same night as human-biting catches. Mosquito catches were carried out in each of the selected households for two consecutive nights’ monthly over a period of a year. Mosquito were caught using standard Centre for Disease Control light traps (CDC, Atlanta, GA) hung from the ceiling at the foot end of the bed with an un-treated net (Mboera et al, 1998). CDC Light traps were operated between 18.00-0600 hours, mosquitoes were collected in the morning. 
The nearest compound from the house in which the light traps were set was selected for indoor and outdoor human biting catches. Indoors and outdoors human biting catches were made by a pair field assistants sitting on stools with their trousers and sleeves rolled up (WHO, 1975). Mosquitoes coming to bite the collectors were detected using a flashlight and were aspirated and placed into paper cups. Hourly collections from 18.00 to 06.00 were kept and recorded separately. Collections were conducted for two consecutive days in each cluster totalling 44 nights (i.e. 22 periods of 2 consecutive nights of collection).
Anopheles gambiae complex were separated from other anophelines and culicines using the keys by Gillies and Coetzee (1987), counted and then stored in labeled eppendorf tubes with desiccant (silica gel) for subsequent laboratory processing at Ifakara Health Research and Development Centre (IHRDC).
Processing of mosquito samples

At the laboratory, all anopheline mosquitoes were identified, counted and classified according to blood-feeding stages (i.e. unfed, blood-fed, and gravid)  as described by WHO, 1975. All mosquitoes were then stored in labelled eppendorf tubes with desiccant (silica gel), and later tested for Plasmodium falciparum circumsporozoite antigen by ELISA as described by Wirtz et al., (1987a) at the Ifakara Health Research and Development Centre (IHRDC). 

Data analysis
Analysis was performed using SPSS® software version 10 (SPSS, Inc., Chicago, IL). Mosquito counts were log-transformed [ln (x + 1)] to stabilize the variance. The abundance of anophelines caught by the three light traps was compared with the number caught by two human bait catches on the same night by chi-square analysis. The Chi-square analysis was also used to compare blood feeding status and sporozoite rates between the sampling methods. The relative sampling efficiency was measured as the ratio of the number of mosquitoes caught by the light trap (LTC) to the number caught by the human bait (HBC) (Altman and Bland, 1983). To test whether the relative sampling efficiency of light traps was affected by mosquito density, the relative sampling efficiency, calculated as log(LTC + 1) – log(HBC + 1) was plotted against a joint estimate of mosquito abundance calculated as log(LTC +1) + log(HBC +1))/2 (Altman and Bland, 1983). With this method, the significant sampling efficiency of light traps tends to increase or decrease at higher mosquito abundance i.e. it is biased as a means of measuring changes in density. 

Ethical clearance and informed consent

The study received ethical approval from the Medical Research Coordination Committee of the National Institute for Medical Research, Tanzania (Certificate No. NIMR/HQ/R.Sa/Vol. IX/192). Informed consent was obtained from Local Health Authorities and Village Committees as well as individual house occupants.

RESULTS

Mosquito abundance

A total of 2103 female mosquitoes were caught by CDC light traps (n = 132) and human-biting catches (n = 44). Species composition and number of mosquitoes captured by light-traps and human biting catches are presented in Table 1. Overall light traps captured (1049) 51% of the total catch (An. gambiae s.l. 61%, An. funetus 68% and Culex sp. 38%). Malaria vectors were most abundant in light traps than in human-biting catches; An. gambiae s.l. ((2 = 49.838, df = 1, p < 0001) and An. funestus ((2 = 92.296, df = 1, p < 0001). In contrast, culex sp. mosquitoes were more abundant in human biting catches ((2 = 67.113, df = 1, p < 0001). When both mosquito species were pooled, the two methods recorded similar abundance of mosquitoes ((2 = 0.3268, df = 1, p = 0.5677). There was no correlation between the number of mosquitoes collected by the two methods (An. gambiae s.l. r = 0.02195, df = 44, p < 0.2525; An. funestus, r = -0.06030, df = 44, p = 0.75; Culex sp.  r = -0.1747, df = 44, p = 0.3739). 

Table 1: Mosquitoes collected by CDC light-trap and human-biting catches in Rufiji District

	
	CDC light trap catches
	Human-biting catches
	

	Species
	No. capture
	Method (%)
	Species (%)
	No. capture
	Method (%)
	Species (%)
	Total
	%

	An. gambiae s.l.
	474
	61
	44
	306
	39
	30
	780
	37

	An. funestus
	205
	68
	19
	97
	32
	9
	302
	14

	Culex sp
	390
	38
	36
	631
	62
	61
	1021
	49

	Both
	1069
	51
	100
	1034
	49
	100
	2103
	100


Figure 1 also shows that the vertical scatter of the observations (i.e. variance of the log-ratios) showed little or no relationship to mosquito density. There was no difference between species in relationship between light trap and human biting catches (p > 0.05). The relationship between methods was not influenced by interactions of location and date of collection for An. gambiae s.l. (p > 0.05) or for An. funestus (p > 0.05).

Blood feeding status

Table 2 summarizes the results of the comparison of the abundance of mosquitoes according to the blood feeding status as recorded by CDC light traps and human biting catches. The majority of the female mosquitoes were unfed, with higher rates of unfed among samples captured by light-traps than human biting catches for An. gambiae s.l. ((2 = 112.70, df = 1, p < 0.0001), An. funestus ((2 = 45.975, df = 1, p < 0.0001), but were similar in Culex sp. ((2 = 2.274, df = 1, p = 0.1316). Blood fed mosquitoes were more abundant in human-biting catches than in light-traps for An. gambiae s.l. ((2 = 47.485, df = 1, p < 0.0001) and Culex sp. ((2 = 8.904, df = 1, p < 0.05), but there were similar rates for An. funestus ((2 = 0.7902, df = 1, p = 0.3740). Gravid mosquitoes were captured at a more or less similar rate by both light traps and human-biting collections for An. gambiae s.l. ((2 = 3.528, df = 1, p = 0.0603) and An. funestus ((2 = 0.07085, df = 1, p = 0.7901). However, for Culex sp. the unfed were captured at a higher rate by human biting catches than light traps ((2 = 0.349.21, df = 1, p < 0001). 
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Figure 1: The relationship between the relative sampling efficiency of light trap catches: log (LTC + 1) – log (HBC + 1) and mosquito abundance (log (LTC + 1) + log (HBC + 1)/2) in Rufiji District. The solid line is the slope of the regression line (p > 0.05)

Sporozoites rate

The Plasmodium falciparum sporozoite rate of An. gambiae s.l. and An. funestus according to collection method from the Rufiji District are summarized in Table 3. There was a significant difference between the four collection methods for both An. gambiae s.l.  and An. funestus (p < 0.05). Light traps recorded higher rates than human biting rates for both An. gambiae s.l. ((2 = 6.095, df = 1, p < 0.05) and An. funestus ((2 = 106.04, df = 1, p < 0.0001). 
Table 2: Mosquito blood feeding status according to collection method, Rufiji District

	Species
	An.gambiae s.l.
	

	
	Mosquito abdominal stages % (number)
	

	
	Unfed
	Fed
	Gravid
	Total

	CDC Light trap
	92(435)
	5(26)
	3(13)
	474

	Human biting catches
	74 (227)
	20(60)
	6(19)
	306

	
	An. funestus
	
	

	Light trap
	95 (194)
	2(4)
	3(7)
	205

	Human biting catches
	73(71)
	21(20)
	6(6)
	97

	
	Culex sp.
	
	

	Light trap
	86(335)
	12(48)
	2(7)
	390

	Human biting catches
	74(465)
	16(101)
	10(65)
	631

	
	Both species
	
	

	Light trap
	90(964)
	7(78)
	3(27)
	1069

	Human biting catches
	75(763)
	16(181)
	9(90)
	1034


Table 3 Plasmodium falciparum infection rates for An. gambiae s.l. and An. funestus captured by CDC light traps and human biting collections in Rufiji District

	
	% positive (n) by ELISA

	
	An. gambiae s.l.
	An. funestus
	Both

	Light traps
	3.5 (663)
	3.0 (93)
	3.0 (756)

	Human bait
	2.48 (563)
	1.63 (61)
	2.4 (624)


DISCUSSION

There is no documented study that has evaluated CDC lights with the standard human-biting catches as a method for sampling mosquitoes in south-eastern Tanzania. Lines et al., (1991) in northern-eastern Tanzania and Davis et al., (1995) in coastal Tanzania concluded that CDC light traps could be used to monitor population densities of An. gambiae complex and An. funestus. The present study concludes by suggesting that light-traps may be appropriate alternatives to human-biting collections in Rufiji District south- eastern Tanzania. However, there are many limitations associated with the traditional methods of sampling malaria vectors. Such limitations can only be overcome if the behaviour of the vectors– particularly the variation in the attractiveness of individual person to mosquitoes, are well understood (Mboera, 2005). Mosquito traps that incorporates human body odour would be environmental friendly and they may provide an alternative approach to the human biting catches (Mboera, 2005). 
The results of the present study showed that light traps caught larger numbers of female mosquitoes of both the malaria vectors (An. gambiae complex and An. funestus) and the non-malaria vector (Culex sp.) than human biting catches performed on the same night. These results indicate that light-traps may be a sensitive means to estimate human-biting activity of the malaria vectors An. gambiae complex and An. funestus as well as non-malaria vectors such as Culex sp. These observations confirm the findings of Lines et al., (1991) and Davis et al., (1995) in coastal Tanzania, Constantini et al. (1998) in Burkina Faso and Magbity et al., (2002) in Sierra Leone, but are contrary to reports by Mbogo et al., (1993). Furthermore, the number of female anopheline captured did not correlate significantly with those obtained from human biting catches. The absence of clear relationship between human biting catches and light trap in the present study was attributed to relatively low mosquito densities. Smith (1995) reported similar findings.

The ratio between light traps and human biting catches observed in the present study varied independently of changes in mosquito density. Hence light traps and human-biting catches were not biased in their sampling of anopheline and culicine mosquitoes. On several occasions and locations, a wide range of densities of An. gambiae s.l., An. funestus and Culex sp. were encountered. This is good evidence that the relative sampling efficiency of light traps and human-biting catches observed in the present study was similar for the three mosquito species. Several studies have reported differences in sampling ratios between light traps and human-biting catches (Hii et al., 2000).  Therefore, the results indicate that there was no significant tendency for the ratio human-biting catches/light traps to increase with increasing mosquito abundance.

The results of the present study indicate that unfed mosquitoes comprised the majority of those captured by light-traps, and that, human-biting catches collected more blood-fed mosquitoes than light-traps. These observations strongly corroborate those by Mbogo et al., (1993) in coastal Kenya and Davis et al., (1995) in coastal Tanzania. Therefore, the use of light-traps in conjunction with bed-nets decreased the number of blood-fed mosquitoes as > 70% of the mosquitoes were unfed and presumably were trapped while host-seeking. Although it is possible that blood-fed mosquitoes caught by light traps fed outdoors but were resting indoors when captured, it remains that a greater proportion of blood-fed mosquitoes captured by both methods tested positive for human immunoglobulin, suggesting that these mosquitoes could feed equally both outdoors and indoors. In addition, it has been observed that Anopheles mosquitoes require two to three blood meals before eggs can be produced (Lymo and Takken, 1993). 

Results showed that P. falciparum sporozoites rate among the anophelines captured by light traps were 1.5-2-fold higher than that from human-biting catches. Hence, these results corroborate reports from Kilifi, Kenya by Mbogo et al. (1993), and Davis et al. (1995) at Bagamoyo, Tanzania. Davis et al. (1995) argued that the difference in sporozoites rate between collection methods resulted from the differential attraction to light-traps of mosquitoes with different abdominal conditions. The higher infection rates in light trap collections were attributed to a higher proportion of gravid females (Davis et al., 1995). There is a good possibility that light traps attracted a substantial proportion of the indoor-resting populations, which have higher parity rates and higher infection rates than host seeking mosquitoes (Petrarca et al., 1991). 

Therefore, it is likely that gravid mosquitoes, with their higher sporozoite rates, were attracted to the light-trap and captured while attempting to exit the house during the oviposition flight (Service, 1970). These results seem to suggest that an evaluation of the sporozoites rate among unfed anophelines captured by light-traps may provide a more precise EIR and malaria transmission estimates than those from human-biting catches. However, human biting catches remains the golden standard method in estimating mosquito density and EIR.  This is particularly important as there are ethical and practical reasons for minimizing the use of human biting catches (Sithiprasasna et al., 2004).

Light traps recorded significantly larger numbers in terms of mosquito abundance, abdominal condition and sporozoites rates than human biting catches and other techniques in Rufiji district. It is, therefore, reasonable, to suggest that light traps might be used as an alternative to human biting catches for evaluating human-biting activity and malaria transmission during future studies on interventions for malaria in Rufiji district.
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Heavy Metal Levels in Drinking Water: Mining Area vis-à-vis Poorly Planned City in Tanzania
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Abstract: Water quality was determined in Block B tanzanite mining area, residential areas closer to mining site and within Dar es Salaam city for comparison. Water samples were analysed for Cd, Cu, Pb, Zn, Mn, Fe, pH, TDS and EC. The concentration (ppm) of heavy metals at Block B were Cd (0.25 ± 0.10), Pb (0.71 ± 0.33), Zn (8.49 ± 0.01) and Mn (11.38 ± 0.56) while TDS was 5028.02 ± 21.44 , which is approximately twice than acceptable value by WHO. Most of these metals could be attributed to decay; decomposition and leaching of old used materials in the mining sites. Weathering and erosion of bed rocks could be another source. Generally, the concentration of heavy metals at Dar es Salaam tap water supply system were higher than level detected at residential areas (Mererani village), which is about 20 km from mining site. The disposal of untreated waste products and age of pipes could be the source of these metals in water systems.
Key words: Heavy metals; Mining sites; Mererani; Block B, Tanzanite, Dar es Salaam.

INTRODUCTION

Globally, heavy metal contamination to water has become a major challenge. They are regarded as serious pollutants of aquatic ecosystems because of their environmental persistence, toxicity, bio-accumulation and bio-magnifications in the food chain (Vall and Lorenzo, 2000; Gochfeld, 2003). Though they are present at low concentration in aquatic ecosystem, the deposits of anthropogenic origin have raised their concentration, creating environmental problems in lakes, rivers, streams as well as households. Some of these pollutants are directly discharged into environment or water bodies by industrial plants and municipal sewage. Other potential source of pollutants are human activities such as mining and agricultural activities (Kishe and Machiwa, 2003; Ahmet, et al., 2006). 

Tanzania, is blessed of having big fresh water sources like the lakes, rivers and springs. The contamination of these water bodies is very common from the discharge of untreated or partially treated industrial waste, disposal of domestic or sewage drainage. One major concern that requires attention is the contamination due to mining industry. The mining activities discharge untreated effluents to the water bodies leading to health risk to consumers. Durkin and Herrmann (1994), in their assessment on the environmental protection concluded that “problems related to mining waste may be rated as second only to global warming and stratospheric ozone depletion in terms of ecosystem risk. The release to the environment of mining water can result in profound, generally irreversible destruction of ecosystem”. It has been established that about 250,000 persons are involved in small scale mining activities in Tanzania (Straaten, 2000). Therefore, intake of pollutants like heavy metals have damaging effects on human beings and other animals, since there is no mechanism for their elimination (Bahemuka and Mubofu, 1999).
Like many other African countries, Tanzania is experiencing impact of environmental degradation. Dar es Salaam city for example, has witnessed a significant increase in population and industrial activities. These have led to conversion of open spaces into industrial and residential areas (Machiwa, 1992). The effects have resulted into uncontrolled disposal of domestic and industrial waste and put constraint on access clean water. The Dar es Salaam water infrastructure was constructed in the 1950s when the city population was about 78,000 (Mwakalila, 2007). In 2005, the population was about 3.5 million people with the same distribution system (Mwakalila, 2007). The poor supply of water is hampering health care providers' efforts to maintain normal services and has already led to an increase in the number of cases of cholera and other diseases. The city needs more water than what the plants were initially set to produce. According to a Government official at least 52 cases of cholera have been reported in part of Dar es Salaam city this year.
Piped water supply system in Dar es Salaam city is too old to meet the demand of its population. That has lead to a loss of more than 40% of water produced by the piped supply system (Saria, and Mbogo, 2000). Even with the boreholes that have more recently been drilled in various parts of the city contributing an additional 27,000 m3/day (Kjellen, 2000) still the piped supplies are overwhelmed. Currently Upper Ruvu supplies as only 270,000 m3/day while the demand is about 400,000 m3/day (Mwandosya and Meena, 1998). As a result water rationing is a common phenomenon in Dar es Salaam city.  Dahi and Jens (1992) indicated that trash and soil may siphon in water supply pipes especially when the pressure is very low. The sub-terrain sometimes is infected with sewage water from sewage leaking systems and from thousands of latrines, septic tanks, and cess pits in the city. Also the tertiary distribution pipes in Dar es Salaam city are generally in bad state of repair with inexpedient levels of leakages and unnecessary losses of pressure. As observed by Dahi and Jens (1992), the pipes are often laid in the immediate vicinity of pit-latrines, and stagnant pools are seen in many areas due to lack of draining facility. In addition to this, the increase in city population is likely to increase exponentially the toxic metal pollution. 
Due to continuous discharge of large untreated effluents from industrial activities, sewage and agricultural runoff, the water in Dar es Salaam city seems to pose high risks to human health. However, like many other African cities, Dar es Salaam lacks consistent and reliable data on the water quality (Davies, 1996). Like mining waste effluents, house-hold and city sewage effluents require the application of specially or custom designed waste water treatment plants which are rarely available in developing countries.
In this paper, the contamination of heavy metals in water obtained from Mererani tanzanite mining site in Manyara region was investigated. Heavy metal contamination in water sample from residential area (Mererani village) was also determined. The background concentration values for heavy metals in water were analyzed from Kilimanjaro International Airport which is about 22 km east of the mining site. For more comparison heavy metal analysis in piped water supply system at Dar es Salaam city was done.
[image: image8.wmf]
MATERIAL AND METHODS

Sampling area

Samples were collected from Mererani (03º87' S and 36º55' E) and Dar es Salaam city (6°48’E and 39°17’S). Mererani has a population of about 200,000, where the unique precious stone tanzanite is mined (Figure 1). Block B which is designated for small miners is closer to Mererani village which is about 6 km from mining site. Kilimanjaro International Airport (KIA) is about 22 km from Mererani mining site. KIA was included as a control assumed it is pristine site. 
Dar es Salaam city is commercial city located on the middle eastern of Tanzania, covers about 1590.5 km2 with a population of about 4 million people (Figure 2). It is a socio-economic, commercial, industrial and educational hub of Tanzania. 

[image: image9]
Figure 1: Map of Mererani Mining Area

[image: image10.emf]
Figure 2: Map of Tanzania Showing Dar es  Salaam City With Three Municipalities

Sample Collection and Analysis

Water samples (500 mL) were collected from three different locations of Mererani mining site. Five samples of ground water were sampled from Block B. Forty two shallow well samples were collected from Mererani village and nine samples were collected from Kilimanjaro International Airport. In Dar es Salaam city, seven samples from tap water were collected randomly from each municipality (Temeke, Ilala and Kinondoni), making a total 21 water samples. Physical chemical parameters (pH, conductivity and TDS) were measured “in situ” on site using Perkin-Elmer (1983) standard procedure. Samples for heavy metal analysis were collected in a 1.5 M nitric acid washed polyethylene bottles. The bottles were cleaned three times with distilled water. Sampling procedure was done according to procedure described in Standard Methods for the Examination of Water and Wastewater (APHA, 2000). Immediately after sampling the samples were preserved by the addition of a few drops of concentrated nitric acid. Then samples were transferred in anicebox and processed within 18 – 24 hours. 

The Atomic Spectrophotometer (AAS) Determination

The water sample was aspirated into the instrument after all necessary set-up and standardization procedures. All metals were determined by Atomic Absorption Spectrophotometer (AAS), Pelkin-Elmer AA700. The instrument was calibrated with standard chemical solutions prepared from commercially available chemicals (Merck, Germany). For analytical quality assurance, the result of each metal was corrected by subtracting the value from the blank.  Analytical blanks were run in the similar way as that of the samples and the concentrations were determined using the standard solutions prepared in the same matrix. After every five sample readings, standards were run to make sure that the obtained results were within range. Other AAS conditions employed in these determinations are summarized in Table 1. 

Table 1: Standard AAS Conditions for measuring the Heavy Metals

	Element
	Wavelength (nm)
	Slit width (nm)
	Lamp Current (mA)
	Detection Limit

	Cd
	228.8
	0.7
	4
	0.001

	Cu
	324.7
	0.7
	15
	0.001

	Pb
	283.3
	0.7
	10
	0.01

	Mn
	279.5
	0.2
	5
	0.02

	Fe
	248.3
	0.2
	30
	0.004

	Zn
	213.9
	0.7
	15
	0.01


RESULTS 

Table 2 indicates that mine pit (Block B) has the highest concentration of heavy metals than other sampling sites, followed by Mererani village which is only about 6 km from the mining site. Samples from KIA detected lower concentrations compared to those from mining site and residential area (Mererani village). With exception of Cu and Zn all the levels of analyzed heavy metals were higher than the maximum acceptable limit in water by WHO (1998) and Tanzanian Bureau of Standard (TBS, 2004). 
Table 2: Average metal concentration from selected mining Site (Mean concentration ± S.D in ppm)

	Metal
	Block B 
	Mererani
	KIA
	WHO  (max. limit)
	TBS (max. limit)

	Cd
	0.25 ± 0.10
	0.05 ± 0.01
	b.d.
	0.05 
	0.05

	Cu
	0.19 ± 0.02
	0.17 ± 0.10
	0.02 ± 0.01
	1.50 
	3.00

	Pb
	0.71± 0.33
	0.08 ± 0.01
	b.d.
	0.10 
	0.05

	Zn
	8.49 ± 0.01
	0.02 ± 0.02
	b.d.
	15.00 
	15.00

	Mn
	11.38 ±  0.56
	b.d.
	b.d.
	0.50 
	0.50

	Fe
	7.52 ± 0.40
	0.13 ±  0.01
	6.08 ± 0.70
	1.00
	1.00

	pH
	6.72 ± 12.02
	6.82 ± 4.01
	6.77 ± 2.30
	6.50-9.50
	6.50-9.50

	TDS (mg/l)
	5028.02 ± 21.44
	693.53 ± 13.47
	1131.00 ± 34.90
	500
	1000

	EC (μS/cm)
	7040 ± 16.37
	1480 ± 22.68
	2020 ± 34.89
	1000
	2000


b.d. means below detection limit;       EC Electrical conductivity

The levels of Cd at Mererani mining pit is 5 times higher than the WHO and TBS maximum limit, while the residential area (Mererani village) is within the maximum acceptable limit. This is contrary to metals like Mn, which is 23 times higher at mining pit but it is below detection limit at residential areas. Lead concentration at mining pit is 7 times than WHO limit, while at KIA it is lower than maximum acceptable levels by TBS.

Physical chemical water parameters determined were pH, TDS and conductivity. The pH levels of water sample at the mining sites were acidic ranging from 6.72 ± 12.02 – 6.82 ± 4.01. Conductivity ranges from 1480 ± 22.68 μS/cm – 7040 ± 16.37 μS/cm where highest level detected at mining site followed by KIA and the lowest was at residential area. 
Dar es Salaam City tap water supply system, heavy metals levels were below maximum acceptable limit by WHO or TBS (Table 2).  The physical chemical parameters also were below the maximum acceptable levels by WHO or TBS. However, pH, TDS and Conductivity levels were in the order of Kinondoni > Temeke > Ilala. 
Table 3: Heavy metal concentration from water piped Dar es Salaam Municipalities (Mean concentration ± S.D in ppm)

	Metal
	Kinondoni
	Ilala
	Temeke
	WHO
	TBS

	Cd
	b.d.
	b.d.
	b.d.
	0.05
	0.05

	Cu
	0.05 ± 0.03
	0.06 ± 0.02
	0.03 ± 0.04
	1.50
	3.00

	Pb
	b.d.
	b.d
	b.d
	0.10
	0.05

	Zn
	0.13 ± 0.12
	0.070 ± 0.05
	0.36 ± 0.02
	15.00
	15.00

	Mn
	0.20 ± 0.01
	0.21± 0.02
	0.15 ± 0.20
	0.50
	0.50

	Fe
	0.55 ± 0.34
	0.62± 0.02
	0.49 ± 0.04
	1.00
	1.00

	pH
	8.28 ± 0.54
	7.69 ± 0.71
	8.10 ± 9.06
	6.50-8.50
	6.50-9.20

	TDS (mg/l)
	315 ± 56.06
	95 ± 13.03
	215 ± 43.03
	500
	1000

	EC (μS/cm)
	650 ± 67.03
	200 ± 42.04
	360 ± 21.03
	1000
	2000


DISCUSSION

Samples from Mererani tanzanite mining indicated that the highest concentration of heavy metals can be arranged in the order of Mining pit (Block B) > residential area (Mererani village) > KIA. The concentration of metal like Cd, which was detected to be 0.25 ± 0.10 ppm at Block B decreased to 0.05 ± 0.01 ppm at residential area and then below detection limit at Kilimanjaro International Airport. The spatial distribution of heavy metals like this Cd using digital elevation model (DEM) using 2D and 3D models is shown in Figure 3.
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Figure 3: Contour map and DEM showing average concentration of Cd and Zn in Water

Figure 3 shows the concentration of these two metals is decreasing down stream to the residential area. Other metals determined in the mining site seem to follow the same trend as this of Cd and Zn. The concentration of heavy metals shown in Table 1 in the mining site was comparable with those established earlier by other researchers at Lupa gold mining Table 3 (Mnali, 2001). 

Table 3: Comparison of Concentration of Heavy metals in Block B with previous study (ppm) 
	Mining Site
	Metal

	Metal
	Cd
	Cu
	Pb
	Zn
	Mn
	Fe

	Lupa Gold mining site
	0.03
	30.00
	0.50
	n.d.
	n.d.
	n.d.

	Block B tanzanite site
	0.25
	0.19
	0.71
	8.49
	11.38
	7.52


Source: Mnali, S. R. (2001), Tanz. J. Science, 27A, 2001.

The increased concentration of Pb and Cd in water samples is a clear indication of leaching of discarded batteries, explosives, cables and metal scraps used during blasting. Also host rocks at Mererani site has been determined earlier by other researchers to be rich in these metals as shown in Table 4 (Malisa, 2002). They can contribute significantly to the levels of these heavy metals in drinking water through weathering and erosion processes.

Domestic and atmospheric deposition may be the major source of the high level of Pb. The presence of Pb may be attributable to the use of leaded petrol and diesel in mining automobile engines and batteries (Irene, 2007).  The dissolved metal ions result into elevation of the conductivity and total dissolved solids of water samples. The free metal ions are co-precipitated with the low mobile of metals in acidic conditions (Irene, 2007, Appelo and Postma, 1999). The dissolution of metals was also enhanced by the low pH of the water and the mining site which was indicated to be in acidic condition. 

Table 4: Heavy metal concentration in rocks at Mererani mining site (mg/kg)
	Rock
	Ag
	As
	Co
	Cr
	Cu
	Ni
	Pb
	Zn

	A
	4.0
	1.9
	40.0
	165.0
	42.0
	130.0
	10.1
	200.0

	B
	6.0
	205.0
	220.0
	160.0
	50.0
	64.0
	44.0
	70.0

	C
	5.0
	0.9
	33.0
	90.0
	20.0
	36.0
	n.d.
	60.0

	D
	4.0
	1.3
	7.0
	90.0
	44.0
	430.0
	15.0
	410.0

	E
	0.4
	2.3
	5.9
	80.0
	60.0
	1560.0
	4.0
	1900.0

	F
	3.3
	1.7
	12.8
	19.0
	18.6
	42.0
	4.0
	36.0

	G
	1.2
	1.7
	13.0
	180.0
	20.0
	790.0
	2.0
	940.0


A= Pelitic gneisses; B = Psammitic gneisses; C = Pegmatites; D = Hydrothermal altered 

E = iron reach rock; F = Carbonate- gypsum; G = Carbonate-rich 

Source: Malisa, E. P. (2002), J. Sci 29 (1), 2003.

The concentration of heavy metals sampled from Dar es Salaam city was below the acceptable levels by WHO (1998) and TBS (2004). When compared with levels from residential sites at mining site, the concentration in Dar es Salaam municipalities were higher except Cd, Cu and Pb. Example Zn level sampled at Temeke municipality was eighteen times higher than level detected at Mererani village. Iron level at Dar es Salaam municipalities was approximately four times higher than those detected at Mererani village. The high level of metals in supply water system at Dar es Salaam city was not surprising. This is due to industrial and municipal untreated influent discharged into the environment. In some cases, the disposal of untreated sewage has reported to contribute significantly to the level of heavy metals in the aquatic environment (Martin and Ryan, 1982). We can compare levels detected at Kilimanjaro International Airport which is assumed to be pristine and the levels detected at poorly planned city of Dar es Salaam. Except Fe (6.08 ± 0.70 ppm) probably came from corrosion of water pipe, and Cu (0.02 ± 0.01 ppm) below the acceptable levels by WHO (1998) and TBS (2004), other heavy metals were not detected at KIA.  In the physical chemical water parameters, high pH in Dar City and the low conductivity decrease the solubility and mobility of heavy metal ions resulting low TDS in the water.
CONCLUSION

Mererani water samples were found to have high concentration of heavy metals relative to WHO (1998) and TBS (2004) acceptable levels suggesting anthropogenic sources. High levels of these metals could be attributed to decay, decomposition and leaching of discarded batteries, old metal scraps and explosives remaining in the mining sites. Weathering and erosion of bedrocks could be another source of heavy metals in water at Mererani. The contamination of water at mining site contributes significantly to the contamination of water in residential areas. These elements may have relatively high toxicity effects in the environment and health hazards to human beings. Dar es Salaam residents are not safe in terms of heavy metal contamination compared to other planned areas. The major source of piped water supplied in the city is domestic and municipal siphoned in damaged water pipe as a result of poor sewage and waste management.

RECOMMENDATIONS

Since water is basic to human beings, regular inspection of water systems is needed to avoid supply contaminated water to the public. The laws regulating these waters must be reviewed with time and strictly enforced. There is every reason to develop health education and to disseminate it to the public for awareness of waste water treatment and waste management. This could raise awareness of people on the advent effects of untreated effluent and waste on the environment and hence to water supply and food chain in the ecosystems.
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Abstract: The use of solar electricity in un-electrified remote villages is widely recommended as a more viable alternative to grid electricity in these areas. However, despite a large body of literature on the impacts of solar electricity in remote areas, the use of solar electricity in un-electrified rural villages in Tanzania has not been in practice as much as it should have been due to lack of qualified solar electrical technicians which in turns results into Solar Home Systems (SHSs) failure. Technical failures often lead to high cost for users, disappointment with the solar electricity technology and a strong negative altitude about solar electricity technology. Preventing avoidable technical problems is therefore one of the main driving forces behind activities to enhance widespread and quality solar electricity in un-electrified rural areas. This paper investigated the status of all SHSs in Karambi, Kasharunga and Kyebitembe wards (Muleba district), their uses as well as system performance, limitations and problems. Results indicate that about 88% of all SHSs were performing as expected and households were happy with their systems.
Key words: Un-electrified remote village, solar home system, solar electricity, Photovoltaic, households
INTRODUCTION

Modern societies strongly depend on reliable, affordable and sustainable electricity supplies for their development. Definitely, electricity is an obligatory input in the process of economic, social and industrial development of any society. Indeed, the availability of electricity is directly related to the living standard of any community (Kivaisi, 1999). Despite of this fact, many people in Tanzania have no electricity as only about 10% and 2% of the population in the urban and rural areas, respectively, are connected to grid electricity (TNBS, 2000). It has also been reported that extending grid electricity to many rural villages in Tanzania would not be economically viable in the near future and in some villages not practically possible due to low capital returns and sparsely population (Mwhihava and Mbise, 2003). There are little prospects that financial resources will become available and economic viability will encourage the national electric utility (Tanzania Electric Supply Company Limited, TANESCO), to undertake electrification of the remote rural areas in the foreseeable future. In fact, it has been reported that the privatisation of TANESCO had slowed down the expansion of electricity distribution in rural areas as the decisions of the investors are normally made based on the return on capital rather than on political considerations (AFRODAD, 2007). This suggests that 98% of the rural communities in Tanzania will continue to live without grid electricity for several decades; a situation that not only deteriorates the development process but also hinders poverty alleviation.
Therefore, the only possibility of getting electricity in un-electrified rural areas in Tanzania is through the use of Solar Home System (SHS). A SHS is a small autonomous energy station, powered by a Photovoltaic (PV) module, that provides electricity for basic services such as lighting, radio, television and operation of small appliances in rural households found in sparsely populated areas and far away from the electricity grid (Scheutzlich et al., 2001; Diessen, 2008). The system consists of a PV module which converts the solar radiation into electricity; rechargeable battery which stores the generated energy for use in the night and during cloudy days; charge controller which controls the charging of the battery; low consuming appliances (light bulbs, radio and TV), switches, interconnecting wires and PV mounting rack (Roberts, 1991). It may also include an alternative current (AC) inverter, circuit breaker (to prevent the cabling from overloading) or a generator as a backup energy source (Roberts, 1991; Foster et al., 2010). A typical SHS for rural applications is shown in Figure 1 (TASEA, 2005).

Depending on income levels, technical and components availability, most of the SHSs found in the rural areas can be grouped into four categories as follows (Diessen, 2008):
· Small SHSs 
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Figure 1: The basic SHS components for rural households (TASEA, 2005). Note: DC means direct current which is unidirectional flow of electric charge from the PV module.

· Medium sized SHSs 
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 for the basic energy needs like lighting the house, radio and a black and white TV,

· Large SHSs (double the size of the medium system) for lighting a large house, radio and coloured TV,

· Extra large SHSs (the same as large SHS) but in this case any electrical appliance can be connected. This is perceived as more luxurious as it resembles grid electricity.

Solar electricity to un-electrified remote villages has significant impact on the standard of living of rural communities. Some of the benefits associated with solar electricity in rural areas are summarized in Figure 2.
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Figure 2: Multi-sectoral linkages of PV electricity influence on quality of life in off-grid rural communities (Obeng and Evers, 2009).
Despite of these advantages, solar electricity in un-electrified rural villages has not been in use as much as it should have been due to high initial cost and lack of qualified solar technicians (Derrick, 2000; Kassenga, 2008). However, taking into consideration of the energy expenditures for lighting and entertainments only, it can be seen that affordability is not the main problem in most rural areas in Tanzania (Paul, 2010). The main barrier to widespread of solar electricity technology in most rural areas in developing countries is embedded in attitudes toward solar electricity (Derrick, 2000; Söker, 2007). The arguments such as ‘it does not work’, ‘the technology is too complicated’, ‘it is not appropriate’, ‘I don’t know about the technology’ etc, are militate against the use of solar electricity. This lack of acceptability is attributed to a great extent to poor system reliability which is due lack of qualified solar technicians, particularly in remote areas (Van der Plas and Hankins, 1998; Mulugetta et al., 2000; Gustavsson, 2004; Nieuwenhout et al., 2004). Technical failures often lead to high cost for users, disappointment with the solar electricity and to negative altitude about solar electricity technology. Preventing avoidable technical problems is therefore one of the main driving forces behind activities to enhance widespread and quality solar electricity in un-electrified rural areas.

This paper investigated the status of all SHSs in Karambi, Kasharunga and Kyebitembe wards, their uses as well as system performance, limitations and problems. It was anticipated that there was a need to obtain technical insight on the status of the installed SHSs on the surveyed wards as this will add valuable information on the improvement of the system’s reliability. The improved reliability would simulate households withnot SHS to confidently invest in solar electricity technology and hence improvement in their living standard.

GEOGRAPHICAL LOCATION AND ENERGY SOURCES IN THE SURVEYED WARDS

Figure 3 is a map illustrating the geographical location of the surveyed area. Karambi, Kasharunga and Kyebitembe are among the 31 wards of Muleba district in Kagera region, North-western corner of Tanzania (Kagera region report, 2003). As shown in Figure 3, Muleba district borders in Bukoba Urban the north by and Bukoba Rural districts, Biharamulo district, to the south and to the east by Lake Victoria. To the west is Karagwe district. In 2002, the district had a population of 386,328, of which about 12% were from the surveyed wards (TNBS, 2002). Geographically, Muleba is the remotest district from the administrative headquarters (Dar es Salaam).

The households in Karambi, Kasharunga and Kyebitembe wards use many different sources of energy for their lighting and entertainments energy requirements. These include kerosene, diesel, candles, wood sticks lead-acid batteries and dry batteries. The choice of a particular energy source depends strongly on the income level of the household. While the other wards such as Kishanda, Nshamba and Muleba Urban are served with national grid electricity generated from Uganda, Karambi, Kasharunga and Kyebitembe wards had no electricity (United Republic of Tanzania Parliament Records, 2007). The only hope for people in these wards to enjoy the ‘fruits’ of electricity is through SHSs.
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Figure 3: Map of Muleba district (Kagera region) showing the study wards (Kagera region report, 2003).
METHODOLOGY

Sample Population

As indicated in Figure 3, this study was conducted in three wards: Karambi, Kasharunga and Kyebitembe, targeting all households with solar electricity. In order to establish if there was any relationship between owning a SHS and income or education level, neighbours to the SHSs respondents were also included in the survey. The households with a SHS were identified using three different methods: One was through a directive from the ward executive officer who knew the house with solar electricity (25%). The second was through SHS owners or local informers who knew of the systems nearby (62.5%). The third was location of systems at random by sighting them – a house with a TV antenna in un-electrified village had a high probability of having a SHS (12.5%). The last two methods are basically random, although the latter favoured the locations close to the road and densely populated village centres.

Primary Data Collection
To collect the required information efficiently from the target groups, a 25 item questionnaire consisting of four sections relating to the research objectives was developed. Instructions were given to each section and questions of the questionnaire. A pilot study was carried out in order to assess the problems and ambiguities with the questions, items and the general layout of the questionnaire. The participants in the pilot study (whose characteristics were similar to the study sample) reported a few minor difficulties that resulted in minor alterations before the final draft of the questionnaire was completed. The questionnaire included closed questions, open-ended comment questions and ranking typee questions.

In addition to questionnaire method, an interview was conducted with selected respondents to obtain further information on the research objectives. Three different questionnaires, each consisting of three sections, were used for each group. While the basic structure and some few questions of each questionnaire was the same, special questions were asked for each group which was not relevant to the other group. A pilot study was also carried out on the interview pre-structure questions and there was no difficulty observed.

Secondary Data Collection
In addition to the study findings, relevant reports from various PV stakeholders, publications and internet search were used to provide secondary data.

Procedure
A total of 112 questionnaire packages were distributed to all the targeted groups. Of which 16 and 96 were distributed to the households with and without SHSs, respectively. Each questionnaire package was accompanied by a letter explaining the general aims of the study and the respondent was asked to return a questionnaire with all questions full completed. Table 1 shows the number of returned questionnaires by wards and sex.
	Ward
	Households with SHSs
	Households without SHSs

	
	Male respondents
	Female respondents
	Total
	Male respondents
	Female respondents
	Total

	Karambi
	7

(43.7)
	2

(12.5)
	9

(56.2)
	44

(51.2)
	10

(11.6)
	54

(62.8)

	Kasharunga
	3

(18.8)
	0

(0.0)
	3

(18.8)
	12

(14.0)
	2

(2.3)
	14

(16.3)

	Kyebitembe
	4

(25.0)
	0

(0.0)
	4

(25.0)
	15

(17.4)
	3

(3.5)
	18

(20.9)

	Total
	14

(87.5)
	2

(12.5)
	16

(100)
	71

(82.6)
	15

(17.4)
	86

(100)


Table 1: The number of surveyed respondents by wards and sex. Note that figures in parentheses show the percentage of respondents with respect to the total respondents in each group.

In addition to the questionnaires, all households with SHSs and three households without SHSs from each ward were interviewed. A pre-structured questionnaire was used for the interviews. During the interview visit to the households with SHSs, the author also examined the physical appearance of the SHSs, structure mounting, mounting place, direction, electrical wiring and the general status of the SHS.

Data Analysis
At the component level, the status of a well-designed SHS was quantified by determining if all the necessary components are available and each component was working as expected from the theory. Besides this status indicator, another characteristic indicator that was used to quantify the system was the size and type of the PV module. The size of the PV module provides the information on electrical energy expected from the system while the type of the PV module indicates the overall performance efficiency of the PV module. Furthermore, atitude towards solar electricity from households with SHSs was used to assess acceptability of the solar electricity technology in the surveyed wards. This was done by asking the respondents to indicate whether they were satisfied with their solar system or not. This type of question, however, is notoriously difficult to interpret, because in some cultures it is not common to forgive open criticism. Therefore, an indirect question that linked with the household’s satisfaction was added to the questionnaire. For example, households with solar electricity were asked to indicate if they would recommend the solar electricity technology to others.

RESULTS AND DISCUSSIONS
Status of Households with and without Solar Home Systems

Since the level of income and education influence the ability and desire to acquire new technologies (Ali, 2002), one of the specific objectives was to investigate the differences in income and education levels between households with and without SHSs. As the level of income was extremely difficulty to determine due to multiple income sources and many people obtaining erratically/seasonally (depending on the time of the year), the difference between the two groups was examined using income sources such as paid employment (teachers, soldiers, civil services, medical doctors, laboratory technicians, pastors, etc), farming and business activities. As shown in Figure 4, most of the SHS owners had both paid employment (38%) and farming activities (56%). In addition, some of the SHS owners were businessmen (25%). In the business group, each person had different business activities such as hotels, bars, shops, music halls, car transports or selling agricultural products (coffee, maize, beans or cassava). On the other hand, most non-SHS owners were both small scale farmers (90%) and had paid employment (30.3%). Only 6.7% of respondents without SHSs indicated that they had business activities. It can also be noted from Figure 4 that, like most rural areas in developing countries, other activities (22.5%) such as day labour, home-based activities and fishing form a significant part of the income generation for unemployed households.

[image: image17.emf]0

20

40

60

80

100

No. of  respondents (%)

Paid

employment 

Agriculture Business Unemployed Others

Income sources

Households with SHS

Households without SHS


Figure 4: Comparison of income sources for households with and without solar home systems.

The households that owned SHSs generally had higher educational levels compared with those without SHSs as shown in Figure 5. In households that owned SHS, all the heads of the households had education level between primary/middle school and university degree. However, the majority of people in this group had either secondary certificate, diploma (43.8%) or university degree (31.3%). Only 25% of the heads of the households had primary school education. On the other hand, none of the households without SHS had university degree and the majority (61.6%) had primary school education. Only 32.6% had secondary school education. As illustrated in Figure 5, about 6% of the heads of the households without SHSs indicated that they never attended formal education although 60% were able to read and write. It was learnt that those who could read and write attended Adult Education commonly know as Kisomo cha Elimu ya Watu Wazima. This informal education was introduced in Tanzania by Mwalimu Nyerere in the late-1960s to wipe out illiteracy (Mbunda, 1972).
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Figure 5: Comparison of education level for heads of households with and without SHSs.

From this result it can be concluded that early adaptors of solar electricity in these wards fall into households with higher incomes and higher education levels. A similar result has been reported by Ali (2002) who found that income and education level influenced significantly the purchasing ability of SHSs in rural villages in Bangladesh.

Characteristics of Solar Home System Components in the Study Wards

The PV Module

All the households and institutional that owned SHSs had only one system and these systems were purchased with cash as credit is not available in these wards. As illustrated in Figure 6, most of the owners reported that they purchased a particular type and size of the PV module due to availability and cheaper price (75%) whilst about 6% said it was due to module reputations. None indicated that it was due to the load demands of their energy requirements. Only 19% said they didn’t know the reason as they were not there during purchasing stage. These were the respondents from SHSs owned by institutional.
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Figure 6: Reasons for SHS owners to purchase the size and types of PV modules.

Figure 7 shows the size of the PV module purchased by each household. As expected, the typical size of the PV module owned by the rural households tends to be small, ranging from 
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 to 70 W. As shown in Figure 7, 25% of the SHS owners reported that they owned 20 W PV modules while those who owned 50 W and 70 W were about 31% and 19%, respectively. On the other hand, about 13% reported that they didn’t know the size of their PV module while the sizes of the PV owned by institutions (13%) were more than 100 W. This finding is consistent with other recent similar study on size and ownership patterns (Voravate et al., 2000). Most of the PV modules (88%) consisted of amorphous silicon whilst the rest were mono-crystalline silicon. The reason for higher amorphous silicon PV modules was probably due to its lower cost and product availability. The other reason could be due to small power demand for the village households (amorphous PV modules have lower conversion efficiency compared to the other types of modules such as crystalline or mono-crystalline).
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Figure 7: Size of the PV module owned by the households and institutional.

The major factor limiting the performance of amorphous silicon PV modules is the light-induced degradation since most modules degrade about 12–20% before reaching a steady state (Markvart and Luis, 2005). Although some PV company such as Zara Solar Ltd claimed to be purchasing the amorphous silicon modules only from reputable manufacturers who offer a warranty on their products (Parpia, 2007), there is still a problem in Tanzania with many small electrical shops offering cheap, low quality amorphous silicon modules which look exactly like the well known brands. These types of PV module tend to fail after a short time and jeopardize the acceptability of solar electricity technology in rural areas.

Charge Controller

Figure 8 illustrates some of the major components found in the SHS (except the PV module, appliances and connection wires). It can be seen that about 19% of the SHSs did not have charge controller, a situation which can cause deep discharge and overcharging. While the risk of overcharge is relatively small with small PV modules, the major concern seem to be the deep discharge of the batteries because lack of charge controller leads to battery deep cycling due to sulfation. The problem of overcharging was not expected to happen since the matching of the PV module to battery in virtually all cases was poor, with seriously undersized modules.
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Figure 8: Number of SHSs with storage battery, charge controller and DC/AC inverter.

Storage Battery

The majority of the SHSs (87.5%) had storage battery as shown in Figure 8 and those without energy storage (12.5%) were mainly used during the day time when sunshine was available. It was found that these types of SHSs were mainly used for mobile phone charging and entertainment activities (radio-cassette). On a SHS lifetime basis, storage batteries constitute the highest contribution to the life-cycle cost. Most of the serious problems with SHSs are battery related and sometimes depends on the quality of the battery. However, the quality of the battery is difficult to assess from the outside. User behaviour is as important to the lifetime as the initial product quality. In the surveyed SHSs, it was observed that 75% of the batteries had open circuit voltages. This suggests that users drained their batteries as much as they could while hardly allow the battery to be fully charged.

In one of the households, the owner reported that he had purchased the PV module about three years ago and the first storage battery was deep cycle battery. It was learnt that when the battery expired it was replaced by automotive battery. If the charge controller is not re-set to match the charge/discharge characteristics of a new battery, replacing dissimilar battery may result into deep discharge, reducing the battery service lifetime.
DC/AC Inverter

While the uses of battery storages and charge controllers were common among the surveyed SHSs, the use of DC/AC inverters was limited to few households. As shown in Figure 8, about 38% of the respondents in the three wards indicated that their system had an AC inverter. Limited use of inverters may be associated with the type of electrical appliances used in rural areas, its cost as well as lack of qualified solar technicians.

PV Module Installation

About 69% of all the surveyed SHSs had pole mounted modules (Figure 10) while 19% were mounted on houseroofs as shown in Figure 9. Both house-roof and pole mountings do not allow changes in module orientation once fitted. It was also observed that about 13% practiced ‘basking’ their loose modules in the sun during the day and taking them indoors at night. Basking was predominantly practiced with low cost systems not procured with mounting hardware. In these cases it is unlikely that both orientation and tilt could be regularly optimised and at ground level the risk of shading and dust would be obstacles to efficient energy capture by the modules. The risk of breakage is also high due to the accessible position of the modules and the daily indoor/outdoor movement. However, the risk of being stolen was miminmized.
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Figure 9: Roof-house PV module mounting.

Error in installation was also observed in one PV module, as shown in Figure 10, where part of the PV module was shaded during the day. PV module shading leads to incomplete battery charging and sulfation of the battery plates which results into pre-mature battery failure (Lynch, 2006). In additional, the use of too small wire sections, inappropriate fixing of wires on the walls, lack of connection boxes and twisting of wires instead of using switches were also found in about 19% of the surveyed SHSs. Low quality of installation leads to unnecessary losses in system functionality.
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Figure 10:  Wrong installation place of the PV module
Types of Lighting Lamps

Most of the SHS owners reported that they used compact spiral fluorescent lamps (56%) while those who used tubular fluorescent lamps and incandescent light bulbs were about 19% and 25%, respectively. Utilizing tubular fluorescent lamps in SHS provides substantially higher lighting levels than would be possible with either compact spiral or incandescent light bulbs. Spiral fluorescent lamp has slightly reduced efficiency compared to tubular due to the excessively thick layer of phosphor on the lower side of the twist (Roberts, 1991). The higher number of households using compact spiral fluorescent lamps was probably due to its cheaper price and availability.

Other Observations

Unusual SHS

One household was found to have a second hand PV module for light and entertainment purposes, which the owner claimed he purchased from someone (in town) who stopped using it after acquiring grid electricity. From its appearance, the module was of a poor quality and had no charge controller, thus the frequency with which the battery must be replaced and therefore the cost of the SHS is increased. The discoloration in the module and the corroded wires were the evidence of degradation. The SHS had an automotive battery which was inappropriate. The module was installed on an eastward-facing roof slope rather than facing the south as recommended (Roberts, 1991). The module was mounted directly on the metal roof rather than on a mounting structure that would allow air circulation to cool the PV module and improve its performance. The system was installed without basic safety considerations such as electrical grounding or a compartment to protect family members from accidents with the battery. The owner reported that the system could only light two bulbs and a small radio cassette. This system certainly failed to meet the norms and standards expected of a well designed quality SHS. This unique system illustrates, on one hand the importance of electricity in rural areas, and on the other hand the importance of local solar technicians in successful implementation of PV electricity in rural communities.

Thieves of PV Modules

One household reported that previously his PV module was stolen. When he purchased the replacement, he used antitheft nuts. Another owner said he normally patrols the PV module during night while two households used ‘basking’ their modules. All these methods, however, are not permanent solutions to this problem. Alarms to the PV module could be a best solution, but this will add cost to the system. The problem could be completely eliminated if all the households had SHSs or the wards are electrified by grid electricity.

Solar Electricity Uses and Benefits

Solar Electricity Uses

As solar electricity has many applications as illustrated in Figure 2, the study intended to find out the main uses of the solar electricity in the surveyed wards. To assist in understanding this, the questionnaire included a question asking the household to indicate the uses of their SHSs. The question had four options: for home uses only, for home and business uses, used in business premises only and used for social services (school, dispensary, churches and telecommunication centers). As illustrated in Figure 11, the majority of the SHSs (68%) were purchased for home purposes only whilst 19% were used in social services (dispensary: 6.3%, churches: 6.3% and telecommunication center: 6.3%). Only 13% reported that their SHSs were used for both business and home activities whilst none of the SHS was used for business only. The reason for none existence of SHSs that were used for business activity only was probably due to the fact that all business activities (such as mobile phone charging, light and entertainment in business premises) took place in houses where the owners lived. In these wards, the households using SHSs for business purposes had no separate houses for business activities.
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Figure 11:  Uses of solar home systems in the surveyed wards
Benefit of Solar Electricity

All households with the SHS were asked to rank the perceived benefits of their SHS from a list of possible benefits. The list included:

· Increased quality of life due to improved light,

· Increased study hours, specifically for students,

· Increased access to entertainments and information (radio, TV and mobile phone),

· Increased working hours after dark,

· Increased income generation like mobile phone charging and barber shops,

· Reduced workload for women and children due to reducing needs for cleaning kerosene lamps and lighting wood sticks collections,

· Increased working and walking flexibility in house after dark, and 

· Increased security in the homestead during night.

As shown Fn figure 12, all households considered solar electricity as having resulted in improvements in their quality of life (due to improved light) and reduction of workload for women and children (due to fewer hours spent in collecting wood-statics for lighting). About 94% of the households also strongly agree that solar electricity increased their access to entertainments (through radio-cassette, and TV football and other sporting programs) and information (through mobile phone, radio and TV). However, majority of the respondents (75%) disagreed with the statement that solar electricity increased their income generation. Although PV electricity was not directly used for productive purposes, the author strongly believes that it definitely served to boost business in shops, bars, restaurants, motels and mobile phone charging.
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Figure 12

 Benefits of solar electricty in the 

surveyed wards.

Increasing quality of life

Entertainments and information

Increasing study hours

Increasing working time

Increasing income generation

Increasing security

Flexibility at night

Reducing workload for women

Solar electrity benefits

Strongly agree

Agree

Neutral 

Disagree

Strongly disadgree


It is also shown in Figure 12 that majority of the respondents agreed that solar electricity increased study hours (87.5%), increased walking flexibility in the house (87.5%) and increased working hours after dark (75%). However, most of the households disagree with the statement that solar electricity increased their home security (81.25%). The disagreement probably was due to the fact that solar electricity was normal used for only few hours (approximately four hours) and most households had no outside light.

During the interview, the owners of SHS were also asked to discuss in depth some of the SHS benefits which were not captured in the research questionnaire. In this discussion, teachers indicated that they were able to mark students’ home-works and prepare lesson plans during night due to availability of brighter light. In some cases, teachers who had SHSs introduced night classes (tuition). The author considers this as an opportunity for rural students to acquire the same education quality as those living in urban areas. However, the service requires tuition fee, of which parents/guardians could not meet on a daily basis given their low income levels.

One negative effect of solar electricity was reported in one family where a mother complained that she had difficulties of getting her children to study once they had the SHS, because they preferred to sit with the rest of the household members and play cards or watch TV.

System Performance, Limitations and Problems

Solar Home System Performance

Assessing the effectiveness of SHSs is one of the most critical issues not only to the SHS owners but also for the acceptability of the households willing to acquire the new technology. In this research the issue of satisfactions and limitations of the SHSs were examined. Respondents were asked to give their opinion about the performance of their systems. The result (Fåigure 13) shows that more than 88% were satisfied with the performance of their systems while about 6% reported that their system was performing fairly. Due to satisfaction, about 94% of the SHS owners indicated that they would recommend the uses of solar electricity to other households without solar electricity. However, one household indicated that the system was performing very low and therefore he was disappointed. Poor performance for his system was due to poor design and installation as well as the quality of the PV module.
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Figure 13: Perception of the SHS owners about performance of their SHSs
Limitations of the Solar Electricity

A disadvantage noted by all the households was the fact that the SHS does not work when there prolonged rain fall and that the system sometimes goes off unexpectedly because it lacks a meter to indicate the presence of energy or remaining energy. For the households whose SHSs had no energy storage, lack of electricity during raining days and heavy cloudy days were expected. Some of the women thought that after obtaining solar electricity they will no longer spend time collecting firewood for cooking and lighting and therefore SHS would relieve them from physical exhaustion. However, this was not the case, since solar electricity is not suitable for cooking and during raining seasons they had to depend on other energy sources for lighting and entertainments.

The fact that the SHS cannot power a small refrigerator was also considered a serious limitation, as this appliance was vey much needed in the three wards. The wards (Karambi, Kasharunga and Kyebitembe) are very close to Lake Victoria and Buringi and therefore some villagers are fishermen both for domestic and commercial purposes. They would like to have a refrigerator to preserve their fish.

Solar Home System Problems

During the interview, the owners of the SHSs were asked if they had any problem with their systems. About 19% reported that their systems had had problems and the main cause of faults in these systems was found to be lack of maintenance. Water loss from batteries occurs rapidly due to the hot and humid climate. The owners reported that it was difficult to get repairs as there were no repair shops near the surveyed wards. The repair shops were located in Bukoba Urban (far way from most of the villages) and technicians are not normally available when they were needed because they were very few. On the other hand, all the households reported that they were not trained even for simple maintenance such water level in the battery and dust clearness on the PV module. The author believes that lack of qualified solar technicians was the main reason as to why there were few SHSs in the surveyed wards.

CONCLUSIONS

In this paper, characteristics, uses, benefits, performance and limitations of the SHSs in the surveyed wards have been presented. Result indicates that installations were of good quality with about 69% of all the surveyed PV modules in pole mounted structure while about 18% were house-roof mounted. However, in some systems, error in placing the PV module (shadowing) and slopping were observed. Unusual SHS was also observed in one household in which the module was mounted directly on the metal roof rather than on a mounting structure that would allow air circulation to cool the PV module and improve its performance.

Most of the households owned small SHS ranging from 10 W to 70 W while large systems were owned by institutional. At the time of this survey, most of the PV modules were working perfect except one system which was performing below its expectation due to degradation and poor designing. Owing to low cost and availability, most of the PV modules (88%) were amorphous silicon whilst the rest were mono-crystalline silicon.

The majority of the SHSs had storage battery and those without energy storage were mainly used during the day time when sunshine was available mainly for mobile phone charging and entertainments purposes (radio-cassette). About 19% and 62% of the SHSs did not have charge controller and DC/AC inverter, respectively. Limited use of inverters was associated with the type of electrical appliances used in rural villages and its cost as well as the availability of skillfully qualified solar electrical technicians.

The main use of solar electricity in the surveyed wards was for lighting purpose whilst access to news and information from TV and radio was ranked the second. Despite the fact that solar electricity was not frequently used for productive purposes, it definitely served to boost business in shops, restaurant, mobile phone charging and motels.

Most of the SHS owners indicated that they were satisfied with the performance of their systems while few (about 6%) reported that their systems wwere performing fairly. Due to satisfaction, about 94% of the SHS owners indicated that they would recommend the uses of solar electricity technology to other households without electricity.

Few systems had problems related to charger controllers and inverters and the owners needed to call the technicians for system repairing. However, there  were no repair shops near the surveyed wards. The repair shops were located in the main town, far away from most of the village, and technicians are not normally available when they were needed because they were very few. The author believes that this a main reason as to why there were few SHSs in the surveyed wards. Therefore, efforts must be devoted in training skillfully qualified solar electrical technicians.
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Sheet1

		Name		An. No.		Village		Division		ED level		HH		Mar_S		Age		Exp		CI		To bull		Cost		Breed		Parity		Gestation		Calf sex		Season		Stage		Mon		Bwt (Lbs)		Bwt (Kgs)		C-Bwt		BCS		Ca		Ca(mg/DL)		P		P(mg/dL)		Cu

		R.Mwakipesile		1		Nsiasya		Pakati		Std 2 -col		F		Widow		48		12		NA		3		2000		A		1		287		F		R		A		1		746		339.0909091		309.0909091		2		15		7.5		0.0974		4.87		0.894

		Edina Kasege		3		Igogwe		Tukuyu		Std 4 -col		F		Widow		56		4				1		3000		F		3		272		F		R		A		1		642		291.8181818		261.8181818		2		11		5.5		0.1337		6.685		0.603								Bwt (kg)		BCS		Ca(mg/dL)		P(mg/dL)		Cu(ug/ml)

		N. Mwaisondola		4		Ibula		Ukukwe		University		M		M-1		56		14		570		0.2				F		3		317		M		R		A		1		699		317.7272727		287.7272727		2		16		8		0.0935		4.675		0.479				A		C-2		358.8555195		2.125		7.267857143		6.262142857		0.5035714286

		G. Mwaivosi		5		Mpuguso		Pakati		Stage 4-Adult		M		M-2		72		6		578		0				F		3		250		M		R		A		1		844		383.6363636		353.6363636		3		15		7.5		0.0875		4.375		0.72				B		C-1		367.4269481		2.017857143		7.303571429		7.109285714		0.5414642857

		Joyce Minga		6		Mpuguso		Pakati												NA						F		1		249		F		R		A		1		642		291.8181818		261.8181818		2		19		9.5		0.1272		6.36		0.803				C		C		345.762987		1.785714286		6.866892857		7.489464286		0.4206071429

		R.Mwasoni		8		Mpandapanda		Ukukwe		Std 10-col		M		M-1		66		19		275		4.5		4000		F		4		280		M		R		A		1		844		383.6363636		353.6363636		2		14		7		0.1272		6.36		0.638				D		C+1		315.6737013		1.607142857		6.417321429		6.7925		0.4504642857

		O. Mahala		9		Mpuguso		Pakati		Form 3		M		M-1		36		10		700		2		2000		F		8		284		M		R		A		1		1015		461.3636364		431.3636364		3		12		6		0.0987		4.935		0.621				E		C+2		305.2597403		1.571428571		6.249125		7.252857143		0.3733571429

		Mrs Mwakalalile		10		Bulyaga Kati		Tukuyu		Std 8 -col		F		Widow		61		9		395		0.25		3000		O		6		286		M		R		A		1		823		374.0909091		344.0909091		4		12		6		0.1363		6.815		0.291				F		C+3		308.538961		1.607142857		6.125678571		7.071607143		0.3282142857

		E. Kasambwike		11		Bugoba		Pakati		Std 7		M		M-2		31										F		4		272		F		R		A		1		886		402.7272727		372.7272727		2		12		6		0.1389		6.945		0.621

		G. Mwankina		12		Mpuguso		Pakati		Std 7		M		M-1		23		4		468		1		2000		O		5		277		M		R		A		1		642		291.8181818		261.8181818		2		13		6.5		0.1415		7.075		0.256								Bwt (x100kg)		BCS		Ca(mg/dL)		P(mg/dL)		Cu(ug/ml)

		A. Mwakalobo		13		Mpuguso		Pakati		Std 3 -col		M		M-2		64		12		1095		0				F		3		283		F		R		A		1		1037		471.3636364		441.3636364		3		14		7		0.1454		7.27		0.527				A		C-2		3.588555195		2.125		7.267857143		6.262142857		0.5035714286

		A. Mwakifuna		14		Bugoba		Pakati		Std 4 -col		M		M-1		76		1		NA		1		2000		F		1		268		F		R		A		1		971		441.3636364		411.3636364		2		19		9.5		0.135		6.75		0.598				B		C-1		3.674269481		2.017857143		7.303571429		7.109285714		0.5414642857

		J. Mwabulambo		15		Bugoba		Pakati		Std 4 -col		M		M-1		65		3		NA		0.5		2000		F		1		256		M		R		A		1		684		310.9090909		280.9090909		3		18		9		0.0766		3.83		0.626				C		C		3.45762987		1.785714286		6.866892857		7.489464286		0.4206071429

		A. Mwakatwila		17		Mpandapanda		Ukukwe																		F		8		280		F		R		A		1		907		412.2727273		382.2727273		1		14		7		0.1233		6.165		0.188				D		C+1		3.156737013		1.607142857		6.417321429		6.7925		0.4504642857

		J. Ngwala		18		Ibula		Ukukwe		Std 10-col		M		M-1		71		15		NA		0.5				F		1		268		F		R		A		1		722		328.1818182		298.1818182		2		14		7		0.1116		5.58		0.202				E		C+2		3.052597403		1.571428571		6.249125		7.252857143		0.3733571429

		Mwl. Mwangoka		19		Kyimo		Ukukwe																		F		2		291		M		R		A		1		907		412.2727273		382.2727273		2		15		7.5		0.1376		6.88		0.339				F		C+3		3.08538961		1.607142857		6.125678571		7.071607143		0.3282142857

		M. Kajange		21		Ndubi		Pakati		Std 4 -col		M		M-1		70		3				0.04		2000		F		3		284		M		R		A		1		642		291.8181818		261.8181818		2		14		7		0.1052		5.26		0.379

		I. Mwakabonga		22		Bugoba		Pakati		Std 7		M		M-1		29		9		880		1				F		2		271		M		R		A		1		782		355.4545455		325.4545455		2		16		8		0.1155		5.775		0.655

		S. Mwakatapanya		23		Mpuguso		Pakati		Std 4 -col		M		M-1		83		46				3		1500		F		5		279		F		R		A		1		949		431.3636364		401.3636364		2		14		7		0.1233		6.165		0.35

		J. Mwankenja		24		Mpandapanda		Ukukwe																		F		3		257		M		R		A		1		1004		456.3636364		426.3636364		1		14		7		0.1103		5.515		0.245

		S. Mwakamele		25		Kyimo		Ukukwe		Form 4		F		Single		32		15				0.25		3000		F		6		258		F		R		A		1		917.5		417.0454545		387.0454545		2		11		5.5		0.1584		7.92		0.772

		P. Mwakamela		26		Igogwe		Tukuyu		Std 4 -col		M		M-2		52		18		NA		0.75		3000		F		1		279		F		R		A		1		844		383.6363636		353.6363636		2		14		7		0.1441		7.205		0.609

		N. J. Nkisa		27		Nsiasya		Pakati		Std 7		M		M-1		32		3		NA		1		1500		F		1		290		M		R		A		1		1103		501.3636364		471.3636364		2		18		9		0.1116		5.58		0.379

		W. Mayoi		28		Ntandabala		Pakati		Form 4		M		M-1		53		21				1		2000		F		4		279		F		R		A		1		782		355.4545455		325.4545455		2		13		6.5		0.148		7.4		0.709

		N. Masomelu		29		Mpuguso		Pakati		Form 4		M		M-1		30		8		380		1.5		2000		F		2		278		M		R		A		1		1320		600		570		2.5		16		8		0.1363		6.815		0.609

		A. Mwaifuge		30		Kasyeto		Pakati																		F		3		292		M		R		A		1		971		441.3636364		411.3636364		2		15		7.5		0.1298		6.49		0.207

		Kiyeyeu		31		Ibula		Ukukwe																		F		2		274		F		R		A		1		865		393.1818182		363.1818182		1		14		7		0.1454		7.27		0.467

		Mzee Mwaipopo		32		Bulyaga Kati		Tukuyu																		F		3		289		M		R		A		1		763		346.8181818		316.8181818		2		15		7.5		0.1675		8.375		0.313

																																												358.8555195		2.125				7.267857143				6.262142857		0.5035714286

		R.Mwakipesile		1		Nsiasya		Pakati		Std 2 -col		F		Widow		48		12		NA		3		2000		A		1		287		F		R		B		2		730		331.8181818		301.8181818		2		16		8		0.1194		5.97		1.043

		Edina Kasege		3		Igogwe		Tukuyu		Std 4 -col		F		Widow		56		4				1		3000		F		3		272		F		R		B		2		600		272.7272727		242.7272727		1		12		6		0.135		6.75		0.603

		N. Mwaisondola		4		Ibula		Ukukwe		University		M		M-1		56		14		570		0.2				F		3		317		M		R		B		2		730		331.8181818		301.8181818		2		6		3		0.1817		9.085		0.447

		G. Mwaivosi		5		Mpuguso		Pakati		Stage 4-Adult		M		M-2		72		6		578		0				F		3		250		M		R		B		2		844		383.6363636		353.6363636		2		16		8		0.1		5		0.866

		Joyce Minga		6		Mpuguso		Pakati												NA						F		1		249		F		R		B		2		642		291.8181818		261.8181818		2		14		7		0.1752		8.76		0.78

		R.Mwasoni		8		Mpandapanda		Ukukwe		Std 10-col		M		M-1		66		19		275		4.5		4000		F		4		280		M		R		B		2		886		402.7272727		372.7272727		2		14		7		0.1389		6.945		0.794

		O. Mahala		9		Mpuguso		Pakati		Form 3		M		M-1		36		10		700		2		2000		F		8		284		M		R		B		2		1070		486.3636364		456.3636364		2		14		7		0.1077		5.385		0.8

		Mrs Mwakalalile		10		Bulyaga Kati		Tukuyu		Std 8 -col		F		Widow		61		9		395		0.25		3000		O		6		286		M		R		B		2		960		436.3636364		406.3636364		3		14		7		0.1415		7.075		0.301

		E. Kasambwike		11		Bugoba		Pakati		Std 7		M		M-2		31										F		4		272		F		R		B		2		938.5		426.5909091		396.5909091		2		15		7.5		0.1506		7.53		0.683

		G. Mwankina		12		Mpuguso		Pakati		Std 7		M		M-1		23		4		468		1		2000		O		5		277		M		R		B		2		706.5		321.1363636		291.1363636		2		14		7		0.1558		7.79		0.242

		A. Mwakalobo		13		Mpuguso		Pakati		Std 3 -col		M		M-2		64		12		1095		0				F		3		283		F		R		B		2		1059		481.3636364		451.3636364		3		15		7.5		0.1415		7.075		0.507

		A. Mwakifuna		14		Bugoba		Pakati		Std 4 -col		M		M-1		76		1		NA		1		2000		F		1		268		F		R		B		2		949		431.3636364		401.3636364		2		14		7		0.1311		6.555		0.794

		J. Mwabulambo		15		Bugoba		Pakati		Std 4 -col		M		M-1		65		3		NA		0.5		2000		F		1		256		M		R		B		2		691.5		314.3181818		284.3181818		2		17		8.5		0.0961		4.805		0.928

		A. Mwakatwila		17		Mpandapanda		Ukukwe																		F		8		280		F		R		B		2		907		412.2727273		382.2727273		1		13		6.5		0.1389		6.945		0.402

		J. Ngwala		18		Ibula		Ukukwe		Std 10-col		M		M-1		71		15		NA		0.5				F		1		268		F		R		B		2		756		343.6363636		313.6363636		2		16		8		0.1402		7.01		0.316

		Mwl. Mwangoka		19		Kyimo		Ukukwe																		F		2		291		M		R		B		2		844		383.6363636		353.6363636		2		14		7		0.161		8.05		0.336

		M. Kajange		21		Ndubi		Pakati		Std 4 -col		M		M-1		70		3				0.04		2000		F		3		284		M		R		B		2		722		328.1818182		298.1818182		2.5		17		8.5		0.1155		5.775		0.353

		I. Mwakabonga		22		Bugoba		Pakati		Std 7		M		M-1		29		9		880		1				F		2		271		M		R		B		2		823		374.0909091		344.0909091		2.5		21		10.5		0.1869		9.345		0.698

		S. Mwakatapanya		23		Mpuguso		Pakati		Std 4 -col		M		M-1		83		46				3		1500		F		5		279		F		R		B		2		993		451.3636364		421.3636364		2		16		8		0.1545		7.725		0.228

		J. Mwankenja		24		Mpandapanda		Ukukwe																		F		3		257		M		R		B		2		1026		466.3636364		436.3636364		1.5		24		12		0.1363		6.815		0.219

		S. Mwakamele		25		Kyimo		Ukukwe		Form 4		F		Single		32		15				0.25		3000		F		6		258		F		R		B		2		833.5		378.8636364		348.8636364		1.5		12		6		0.1246		6.23		0.735

		P. Mwakamela		26		Igogwe		Tukuyu		Std 4 -col		M		M-2		52		18		NA		0.75		3000		F		1		279		F		R		B		2		844		383.6363636		353.6363636		2		14		7		0.1428		7.14		0.663

		N. J. Nkisa		27		Nsiasya		Pakati		Std 7		M		M-1		32		3		NA		1		1500		F		1		290		M		R		B		2		1169		531.3636364		501.3636364		2.5		16		8		0.1272		6.36		0.299

		W. Mayoi		28		Ntandabala		Pakati		Form 4		M		M-1		53		21				1		2000		F		4		279		F		R		B		2		706.5		321.1363636		291.1363636		2		15		7.5		0.1337		6.685		0.356

		N. Masomelu		29		Mpuguso		Pakati		Form 4		M		M-1		30		8		380		1.5		2000		F		2		278		M		R		B		2		1325		602.2727273		572.2727273		2.5		15		7.5		0.1259		6.295		0.726

		A. Mwaifuge		30		Kasyeto		Pakati																		F		3		292		M		R		B		2		1004		456.3636364		426.3636364		2		9		4.5		0.1999		9.995		0.245

		Kiyeyeu		31		Ibula		Ukukwe																		F		2		274		F		R		B		2		959		435.9090909		405.9090909		1.5		15		7.5		0.1765		8.825		0.549

		Mzee Mwaipopo		32		Bulyaga Kati		Tukuyu																		F		3		289		M		R		B		2		763		346.8181818		316.8181818		2		11		5.5		0.1428		7.14		0.248

																																												367.4269481		2.017857143				7.303571429				7.109285714		0.5414642857

		R.Mwakipesile		1		Nsiasya		Pakati		Std 2 -col		F		Widow		48		12		NA		3		2000		A		1		287		F		R		C		3		730		331.8181818		301.8181818		2		14		7		0.2038		10.19		0.558

		Edina Kasege		3		Igogwe		Tukuyu		Std 4 -col		F		Widow		56		4				1		3000		F		3		272		F		R		C		3		.		=						.				.

		N. Mwaisondola		4		Ibula		Ukukwe		University		M		M-1		56		14		570		0.2				F		3		317		M		R		C		3		865		393.1818182		363.1818182		2		13		6.5		0.1142		5.71		0.402

		G. Mwaivosi		5		Mpuguso		Pakati		Stage 4-Adult		M		M-2		72		6		578		0				F		3		250		M		R		C		3		844		383.6363636		353.6363636		2		16		8		0.2103		10.515		0.817

		Joyce Minga		6		Mpuguso		Pakati												NA						F		1		249		F		R		C		3		621		282.2727273		252.2727273		2		14		7		0.1402		7.01		0.225

		R.Mwasoni		8		Mpandapanda		Ukukwe		Std 10-col		M		M-1		66		19		275		4.5		4000		F		4		280		M		R		C		3		844		383.6363636		353.6363636		1.5		17		8.5		0.2168		10.84		0.589

		O. Mahala		9		Mpuguso		Pakati		Form 3		M		M-1		36		10		700		2		2000		F		8		284		M		R		C		3		1037		471.3636364		441.3636364		1.5		15		7.5		0.2389		11.945		0.569

		Mrs Mwakalalile		10		Bulyaga Kati		Tukuyu		Std 8 -col		F		Widow		61		9		395		0.25		3000		O		6		286		M		R		C		3		949		431.3636364		401.3636364		3		15		7.5		0.1467		7.335		0.113

		E. Kasambwike		11		Bugoba		Pakati		Std 7		M		M-2		31										F		4		272		F		R		C		3		802		364.5454545		334.5454545		1.5		13		6.5		0.1636		8.18		0.632

		G. Mwankina		12		Mpuguso		Pakati		Std 7		M		M-1		23		4		468		1		2000		O		5		277		M		R		C		3		635		288.6363636		258.6363636		2		14		7		0.1532		7.66		0.137

		A. Mwakalobo		13		Mpuguso		Pakati		Std 3 -col		M		M-2		64		12		1095		0				F		3		283		F		R		C		3		1059		481.3636364		451.3636364		2		14		7		0.1389		6.945		0.288

		A. Mwakifuna		14		Bugoba		Pakati		Std 4 -col		M		M-1		76		1		NA		1		2000		F		1		268		F		R		C		3		960		436.3636364		406.3636364		2		14		7		0.1129		5.645		0.666

		J. Mwabulambo		15		Bugoba		Pakati		Std 4 -col		M		M-1		65		3		NA		0.5		2000		F		1		256		M		R		C		3		621		282.2727273		252.2727273		2		16		8		0.1571		7.855		0.948

		A. Mwakatwila		17		Mpandapanda		Ukukwe																		F		8		280		F		R		C		3		949		431.3636364		401.3636364		1.5		14		7		0.1545		7.725		0.211

		J. Ngwala		18		Ibula		Ukukwe		Std 10-col		M		M-1		71		15		NA		0.5				F		1		268		F		R		C		3		677		307.7272727		277.7272727		1.5		15		7.5		0.1155		5.775		0.512

		Mwl. Mwangoka		19		Kyimo		Ukukwe																		F		2		291		M		R		C		3		938.5		426.5909091		396.5909091		2		15		7.5		0.1194		5.97		0.464

		M. Kajange		21		Ndubi		Pakati		Std 4 -col		M		M-1		70		3				0.04		2000		F		3		284		M		R		C		3		670		304.5454545		274.5454545		2		7		3.5		0.1155		5.775		0.171

		I. Mwakabonga		22		Bugoba		Pakati		Std 7		M		M-1		29		9		880		1				F		2		271		M		R		C		3		802		364.5454545		334.5454545		2		15		7.5		0.1169		5.845		0.564

		S. Mwakatapanya		23		Mpuguso		Pakati		Std 4 -col		M		M-1		83		46				3		1500		F		5		279		F		R		C		3		1004		456.3636364		426.3636364		2		14		7		0.16		8		0.205

		J. Mwankenja		24		Mpandapanda		Ukukwe																		F		3		257		M		R		C		3		886		402.7272727		372.7272727		1		15		7.5		0.1246		6.23		0.436

		S. Mwakamele		25		Kyimo		Ukukwe		Form 4		F		Single		32		15				0.25		3000		F		6		258		F		R		C		3		833.5		378.8636364		348.8636364		1.5		12.546		6.273		0.1656		8.28		0.728

		P. Mwakamela		26		Igogwe		Tukuyu		Std 4 -col		M		M-2		52		18		NA		0.75		3000		F		1		279		F		R		C		3		865		393.1818182		363.1818182		1.5		14		7		0.1337		6.685		0.561

		N. J. Nkisa		27		Nsiasya		Pakati		Std 7		M		M-1		32		3		NA		1		1500		F		1		290		M		R		C		3		1103		501.3636364		471.3636364		2		14		7		0.122		6.1		0.15

		W. Mayoi		28		Ntandabala		Pakati		Form 4		M		M-1		53		21				1		2000		F		4		279		F		R		C		3		670		304.5454545		274.5454545		2		14		7		0.1013		5.065		0.285

		N. Masomelu		29		Mpuguso		Pakati		Form 4		M		M-1		30		8		380		1.5		2000		F		2		278		M		R		C		3		1202		546.3636364		516.3636364		2		15		7.5		0.1233		6.165		0.68

		A. Mwaifuge		30		Kasyeto		Pakati																		F		3		292		M		R		C		3		886		402.7272727		372.7272727		2		15		7.5		0.1428		7.14		0.174

		Kiyeyeu		31		Ibula		Ukukwe																		F		2		274		F		R		C		3		865		393.1818182		363.1818182		1.5		14		7		0.331		16.55		0.507

		Mzee Mwaipopo		32		Bulyaga Kati		Pakati																		F		3		289		M		R		C		3		763		346.8181818		316.8181818		2		16		8		0.1714		8.57		0.185

																																												345.762987		1.785714286				6.866892857				7.489464286		0.4206071429

		R.Mwakipesile		1		Nsiasya		Pakati		Std 2 -col		F		Widow		48		12		NA		3		2000		A		1		287		F		R		D		4		691.5		314.3181818		284.3181818		2		13.626		6.813		0.1765		8.825		0.534

		Edina Kasege		3		Igogwe		Tukuyu		Std 4 -col		F		Widow		56		4				1		3000		F		3		272		F		R		D		4		.		=						.				.

		N. Mwaisondola		4		Ibula		Ukukwe		University		M		M-1		56		14		570		0.2				F		3		317		M		R		D		4		738		335.4545455		305.4545455		1.5		11.365		5.6825		0.1197		5.985		0.367

		G. Mwaivosi		5		Mpuguso		Pakati		Stage 4-Adult		M		M-2		72		6		578		0				F		3		250		M		R		D		4		738		335.4545455		305.4545455		1.5		13.81		6.905		0.0629		3.145		0.534

		Joyce Minga		6		Mpuguso		Pakati												NA						F		1		249		F		R		D		4		642		291.8181818		261.8181818		1.5		12.466		6.233		0.1825		9.125		0.284

		R.Mwasoni		8		Mpandapanda		Ukukwe		Std 10-col		M		M-1		66		19		275		4.5		4000		F		4		280		M		R		D		4		792		360		330		1.5		13.26		6.63		0.1414		7.07		0.728

		O. Mahala		9		Mpuguso		Pakati		Form 3		M		M-1		36		10		700		2		2000		F		8		284		M		R		D		4		928		421.8181818		391.8181818		1.5		14.561		7.2805		0.1233		6.165		0.594

		Mrs Mwakalalile		10		Bulyaga Kati		Tukuyu		Std 8 -col		F		Widow		61		9		395		0.25		3000		O		6		286		M		R		D		4		802		364.5454545		334.5454545		2		13.183		6.5915		0.1704		8.52		0.379

		E. Kasambwike		11		Bugoba		Pakati		Std 7		M		M-2		31										F		4		272		F		R		D		4		823		374.0909091		344.0909091		1.5		12.82		6.41		0.1874		9.37		0.582

		G. Mwankina		12		Mpuguso		Pakati		Std 7		M		M-1		23		4		468		1		2000		O		5		277		M		R		D		4		586		266.3636364		236.3636364		2		13.349		6.6745		0.1257		6.285		0.287

		A. Mwakalobo		13		Mpuguso		Pakati		Std 3 -col		M		M-2		64		12		1095		0				F		3		283		F		R		D		4		865		393.1818182		363.1818182		1.5		13.053		6.5265		0.0894		4.47		0.191

		A. Mwakifuna		14		Bugoba		Pakati		Std 4 -col		M		M-1		76		1		NA		1		2000		F		1		268		F		R		D		4		944		429.0909091		399.0909091		1.5		12.576		6.288		0.1257		6.285		0.507

		J. Mwabulambo		15		Bugoba		Pakati		Std 4 -col		M		M-1		65		3		NA		0.5		2000		F		1		256		M		R		D		4		586		266.3636364		236.3636364		2		13.984		6.992		0.1535		7.675		0.638

		A. Mwakatwila		17		Mpandapanda		Ukukwe																		F		8		280		F		R		D		4		844		383.6363636		353.6363636		1		12.79		6.395		0.1027		5.135		0.208

		J. Ngwala		18		Ibula		Ukukwe		Std 10-col		M		M-1		71		15		NA		0.5				F		1		268		F		R		D		4		680.5		309.3181818		279.3181818		1.5		14.443		7.2215		0.1129		5.645		0.256

		Mwl. Mwangoka		19		Kyimo		Ukukwe																		F		2		291		M		R		D		4		802		364.5454545		334.5454545		2		10.8		5.4		0.1656		8.28		0.266

		M. Kajange		21		Ndubi		Pakati		Std 4 -col		M		M-1		70		3				0.04		2000		F		3		284		M		R		D		4		656		298.1818182		268.1818182		1.5		13.566		6.783		0.0882		4.41		0.075

		I. Mwakabonga		22		Bugoba		Pakati		Std 7		M		M-1		29		9		880		1				F		2		271		M		R		D		4		677		307.7272727		277.7272727		1.5		13.947		6.9735		0.2152		10.76		0.504

		S. Mwakatapanya		23		Mpuguso		Pakati		Std 4 -col		M		M-1		83		46				3		1500		F		5		279		F		R		D		4		896.5		407.5		377.5		2		11.979		5.9895		0.1583		7.915		1.687

		J. Mwankenja		24		Mpandapanda		Ukukwe																		F		3		257		M		R		D		4		824.5		374.7727273		344.7727273		1		14.128		7.064		0.1583		7.915		0.402

		S. Mwakamele		25		Kyimo		Ukukwe		Form 4		F		Single		32		15				0.25		3000		F		6		258		F		R		D		4		833.5		378.8636364		348.8636364		1.5		13		6.5		0.209		10.45		0.746

		P. Mwakamela		26		Igogwe		Tukuyu		Std 4 -col		M		M-2		52		18		NA		0.75		3000		F		1		279		F		R		D		4		833.5		378.8636364		348.8636364		2		13.101		6.5505		0.1305		6.525		0.644

		N. J. Nkisa		27		Nsiasya		Pakati		Std 7		M		M-1		32		3		NA		1		1500		F		1		290		M		R		D		4		993		451.3636364		421.3636364		2		13.884		6.942		0.11		5.5		0.084

		W. Mayoi		28		Ntandabala		Pakati		Form 4		M		M-1		53		21				1		2000		F		4		279		F		R		D		4		645.5		293.4090909		263.4090909		2		13.327		6.6635		0.1259		6.295		0.288

		N. Masomelu		29		Mpuguso		Pakati		Form 4		M		M-1		30		8		380		1.5		2000		F		2		278		M		R		D		4		1081		491.3636364		461.3636364		2		13.614		6.807		0.1337		6.685		0.608

		A. Mwaifuge		30		Kasyeto		Pakati																		F		3		292		M		R		D		4		802		364.5454545		334.5454545		1.5		14.003		7.0015		0.1281		6.405		0.155

		Kiyeyeu		31		Ibula		Ukukwe																		F		2		274		F		R		D		4		792		360		330		1.5		14.059		7.0295		0.1414		7.07		0.385

		Mzee Mwaipopo		32		Bulyaga Kati		Tukuyu																		F		3		289		M		R		D		4		731		332.2727273		302.2727273		2		14.676		7.338		0.1656		8.28		0.68

																																												315.6737013		1.607142857				6.417321429				6.7925		0.4504642857

		R.Mwakipesile		1		Nsiasya		Pakati		Std 2 -col		F		Widow		48		12		NA		3		2000		A		1		287		F		R		E		5		684		310.9090909		280.9090909		1.5		12.879		6.4395		0.1499		7.495		0.519

		Edina Kasege		3		Igogwe		Tukuyu		Std 4 -col		F		Widow		56		4				1		3000		F		3		272		F		R		E		5		.		=						.				.

		N. Mwaisondola		4		Ibula		Ukukwe		University		M		M-1		56		14		570		0.2				F		3		317		M		R		E		5		656		298.1818182		268.1818182		1.5		11.762		5.881		0.1765		8.825		0.343

		G. Mwaivosi		5		Mpuguso		Pakati		Stage 4-Adult		M		M-2		72		6		578		0				F		3		250		M		R		E		5		684		310.9090909		280.9090909		1.5		13.626		6.813		0.0907		4.535		0.487

		Joyce Minga		6		Mpuguso		Pakati												NA						F		1		249		F		R		E		5		656		298.1818182		268.1818182		2		12.82		6.41		0.1426		7.13		0.481

		R.Mwasoni		8		Mpandapanda		Ukukwe		Std 10-col		M		M-1		66		19		275		4.5		4000		F		4		280		M		R		E		5		782		355.4545455		325.4545455		1.5		11.507		5.7535		0.1487		7.435		0.692

		O. Mahala		9		Mpuguso		Pakati		Form 3		M		M-1		36		10		700		2		2000		F		8		284		M		R		E		5		928		421.8181818		391.8181818		1.5		11.631		5.8155		0.104		5.2		0.671

		Mrs Mwakalalile		10		Bulyaga Kati		Tukuyu		Std 8 -col		F		Widow		61		9		395		0.25		3000		O		6		286		M		R		E		5		754.5		342.9545455		312.9545455		2		12.602		6.301		0.1185		5.925		0.405

		E. Kasambwike		11		Bugoba		Pakati		Std 7		M		M-2		31										F		4		272		F		R		E		5		802		364.5454545		334.5454545		1.5		12.243		6.1215		0.1088		5.44		0.564

		G. Mwankina		12		Mpuguso		Pakati		Std 7		M		M-1		23		4		468		1		2000		O		5		277		M		R		E		5		586		266.3636364		236.3636364		2		12.355		6.1775		0.1692		8.46		0.302

		A. Mwakalobo		13		Mpuguso		Pakati		Std 3 -col		M		M-2		64		12		1095		0				F		3		283		F		R		E		5		823		374.0909091		344.0909091		1.5		12.576		6.288		0.1124		5.62		0.125

		A. Mwakifuna		14		Bugoba		Pakati		Std 4 -col		M		M-1		76		1		NA		1		2000		F		1		268		F		R		E		5		928		421.8181818		391.8181818		1		11.344		5.672		0.1426		7.13		0.421

		J. Mwabulambo		15		Bugoba		Pakati		Std 4 -col		M		M-1		65		3		NA		0.5		2000		F		1		256		M		R		E		5		607		275.9090909		245.9090909		2		14.521		7.2605		0.1547		7.735		0.496

		A. Mwakatwila		17		Mpandapanda		Ukukwe																		F		8		280		F		R		E		5		844		383.6363636		353.6363636		1.5		12.58		6.29		0.0931		4.655		0.202

		J. Ngwala		18		Ibula		Ukukwe		Std 10-col		M		M-1		71		15		NA		0.5				F		1		268		F		R		E		5		684		310.9090909		280.9090909		1.5		13.515		6.7575		0.1088		5.44		0.149

		Mwl. Mwangoka		19		Kyimo		Ukukwe																		F		2		291		M		R		E		5		782		355.4545455		325.4545455		2		14.454		7.227		0.3602		18.01		0.176

		M. Kajange		21		Ndubi		Pakati		Std 4 -col		M		M-1		70		3				0.04		2000		F		3		284		M		R		E		5		656		298.1818182		268.1818182		2		13.175		6.5875		0.1583		7.915		0.008

		I. Mwakabonga		22		Bugoba		Pakati		Std 7		M		M-1		29		9		880		1				F		2		271		M		R		E		5		670		304.5454545		274.5454545		1.5		14.128		7.064		0.1257		6.285		0.49

		S. Mwakatapanya		23		Mpuguso		Pakati		Std 4 -col		M		M-1		83		46				3		1500		F		5		279		F		R		E		5		928		421.8181818		391.8181818		2		12.727		6.3635		0.1342		6.71		0.573

		J. Mwankenja		24		Mpandapanda		Ukukwe																		F		3		257		M		R		E		5		763		346.8181818		316.8181818		1		13.327		6.6635		0.1922		9.61		0.391

		S. Mwakamele		25		Kyimo		Ukukwe		Form 4		F		Single		32		15				0.25		3000		F		6		258		F		R		E		5		802		364.5454545		334.5454545		1		11.266		5.633		0.2623		13.115		0.644

		P. Mwakamela		26		Igogwe		Tukuyu		Std 4 -col		M		M-2		52		18		NA		0.75		3000		F		1		279		F		R		E		5		670		304.5454545		274.5454545		1.5		14.307		7.1535		0.1632		8.16		0.65

		N. J. Nkisa		27		Nsiasya		Pakati		Std 7		M		M-1		32		3		NA		1		1500		F		1		290		M		R		E		5		917.5		417.0454545		387.0454545		1.5		14.447		7.2235		0.139		6.95		0.069

		W. Mayoi		28		Ntandabala		Pakati		Form 4		M		M-1		53		21				1		2000		F		4		279		F		R		E		5		621		282.2727273		252.2727273		2		13.205		6.6025		0.1559		7.795		0.352

		N. Masomelu		29		Mpuguso		Pakati		Form 4		M		M-1		30		8		380		1.5		2000		F		2		278		M		R		E		5		971		441.3636364		411.3636364		2		12.65		6.325		0.1475		7.375		0.51

		A. Mwaifuge		30		Kasyeto		Pakati																		F		3		292		M		R		E		5		802		364.5454545		334.5454545		1.5		12.96		6.48		0.1209		6.045		0.37

		Kiyeyeu		31		Ibula		Ukukwe																		F		2		274		F		R		E		5		886		402.7272727		372.7272727		1.5		13.463		6.7315		0.1282		6.41		0.194

		Mzee Mwaipopo		32		Bulyaga Kati		Tukuyu																		F		3		289		M		R		E		5		699		317.7272727		287.7272727		2		13.881		6.9405		0.1535		7.675		0.17

																																												305.2597403		1.571428571				6.249125				7.252857143		0.3733571429

		R.Mwakipesile		1		Nsiasya		Pakati		Std 2 -col		F		Widow		48		12		NA		3		2000		A		1		287		F		R		F		6		656		298.1818182		268.1818182		1.5		13.19		6.595		0.1463		7.315		0.558

		Edina Kasege		3		Igogwe		Tukuyu		Std 4 -col		F		Widow		56		4				1		3000		F		3		272		F		R		F		6		.		=						.				.

		N. Mwaisondola		4		Ibula		Ukukwe		University		M		M-1		56		14		570		0.2				F		3		317		M		R		F		6		642		291.8181818		261.8181818		1.5		13.762		6.881		0.087		4.35		0.433

		G. Mwaivosi		5		Mpuguso		Pakati		Stage 4-Adult		M		M-2		72		6		578		0				F		3		250		M		R		F		6		746		339.0909091		309.0909091		1.5		14.173		7.0865		0.0858		4.29		0.445

		Joyce Minga		6		Mpuguso		Pakati												NA						F		1		249		F		R		F		6		656		298.1818182		268.1818182		2		12.731		6.3655		0.1801		9.005		0.716

		R.Mwasoni		8		Mpandapanda		Ukukwe		Std 10-col		M		M-1		66		19		275		4.5		4000		F		4		280		M		R		F		6		754.5		342.9545455		312.9545455		1.5		10.421		5.2105		0.1499		7.495		0.704

		O. Mahala		9		Mpuguso		Pakati		Form 3		M		M-1		36		10		700		2		2000		F		8		284		M		R		F		6		971		441.3636364		411.3636364		2		12.945		6.4725		0.2115		10.575		0.605

		Mrs Mwakalalile		10		Bulyaga Kati		Tukuyu		Std 8 -col		F		Widow		61		9		395		0.25		3000		O		6		286		M		R		F		6		782		355.4545455		325.4545455		2		12.657		6.3285		0.1293		6.465		0.331

		E. Kasambwike		11		Bugoba		Pakati		Std 7		M		M-2		31										F		4		272		F		R		F		6		746		339.0909091		309.0909091		1.5		12.683		6.3415		0.2345		11.725		0.412

		G. Mwankina		12		Mpuguso		Pakati		Std 7		M		M-1		23		4		468		1		2000		O		5		277		M		R		F		6		572		260		230		2		12.546		6.273		0.1076		5.38		0.212

		A. Mwakalobo		13		Mpuguso		Pakati		Std 3 -col		M		M-2		64		12		1095		0				F		3		283		F		R		F		6		865		393.1818182		363.1818182		1.5		13.116		6.558		0.1402		7.01		0.182

		A. Mwakifuna		14		Bugoba		Pakati		Std 4 -col		M		M-1		76		1		NA		1		2000		F		1		268		F		R		F		6		844		383.6363636		353.6363636		1.5		13.068		6.534		0.1438		7.19		0.379

		J. Mwabulambo		15		Bugoba		Pakati		Std 4 -col		M		M-1		65		3		NA		0.5		2000		F		1		256		M		R		F		6		614		279.0909091		249.0909091		2		14.443		7.2215		0.2055		10.275		0.385

		A. Mwakatwila		17		Mpandapanda		Ukukwe																		F		8		280		F		R		F		6		865		393.1818182		363.1818182		1.5		13.555		6.7775		0.1221		6.105		0.084

		J. Ngwala		18		Ibula		Ukukwe		Std 10-col		M		M-1		71		15		NA		0.5				F		1		268		F		R		F		6		684		310.9090909		280.9090909		1.5		10.286		5.143		0.1052		5.26

		Mwl. Mwangoka		19		Kyimo		Ukukwe																		F		2		291		M		R		F		6		844		383.6363636		353.6363636		2		11.755		5.8775		0.2236		11.18		0.116

		M. Kajange		21		Ndubi		Pakati		Std 4 -col		M		M-1		70		3				0.04		2000		F		3		284		M		R		F		6		656		298.1818182		268.1818182		2		13.515		6.7575		0.1656		8.28		0.084

		I. Mwakabonga		22		Bugoba		Pakati		Std 7		M		M-1		29		9		880		1				F		2		271		M		R		F		6		635		288.6363636		258.6363636		1.5		7.002		3.501		0.087		4.35		0.35

		S. Mwakatapanya		23		Mpuguso		Pakati		Std 4 -col		M		M-1		83		46				3		1500		F		5		279		F		R		F		6		907		412.2727273		382.2727273		2		12.546		6.273		0.11		5.5		0.54

		J. Mwankenja		24		Mpandapanda		Ukukwe																		F		3		257		M		R		F		6		886		402.7272727		372.7272727		1.5		12.154		6.077		0.1318		6.59		0.227

		S. Mwakamele		25		Kyimo		Ukukwe		Form 4		F		Single		32		15				0.25		3000		F		6		258		F		R		F		6		738		335.4545455		305.4545455		1.5		9.551		4.7755		0.1293		6.465		0.496

		P. Mwakamela		26		Igogwe		Tukuyu		Std 4 -col		M		M-2		52		18		NA		0.75		3000		F		1		279		F		R		F		6		714		324.5454545		294.5454545		1		14.606		7.303		0.1559		7.795		0.487

		N. J. Nkisa		27		Nsiasya		Pakati		Std 7		M		M-1		32		3		NA		1		1500		F		1		290		M		R		F		6		907		412.2727273		382.2727273		1		13.722		6.861		0.1608		8.04		0.099

		W. Mayoi		28		Ntandabala		Pakati		Form 4		M		M-1		53		21				1		2000		F		4		279		F		R		F		6		606		275.4545455		245.4545455		1.5		12.546		6.273		0.1441		7.205		0.385

		N. Masomelu		29		Mpuguso		Pakati		Form 4		M		M-1		30		8		380		1.5		2000		F		2		278		M		R		F		6		1103		501.3636364		471.3636364		2		11.046		5.523		0.191		9.55		0.337

		A. Mwaifuge		30		Kasyeto		Pakati																		F		3		292		M		R		F		6		844		383.6363636		353.6363636		2		11.933		5.9665		0.1511		7.555		0.146

		Kiyeyeu		31		Ibula		Ukukwe																		F		2		274		F		R		F		6		812.5		369.3181818		339.3181818		1.5		14.676		7.338		0.1451		7.255		0.322

		Mzee Mwaipopo		32		Bulyaga Kati		Tukuyu																		F		3		289		M		R		F		6		738		335.4545455		305.4545455		2		18.41		9.205		0.116		5.8		0.155

																																												308.538961		1.607142857				6.125678571				7.071607143		0.3282142857
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