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ABSTRACT

Two entirely separate research issues form the two parts of this thesis. A survey of
small-scale poultry production systems in Botswana is presented in Part A and an

evaluation of a natural zeolite in broiler diets in Part B.

Part A examined the aspects of management, productivity parameters, farm inputs,
housing. feeding, diseases and marketing in small-scale poultry farms in Botswana. In
both small-scale layer and broiler farms, only a small percentage of producers were
below the age of 30 years, probably reflecting the high costs associated with these
systems. Clearly young people would not have the necessary capital to start the projects
and the finding emphasises lack of credit being a major constraint to the growth of
poultry industry in Botswana. In the two production systems, female producers showed
a higher percentage of ownership of poultry projects showing that the government

policies have achieved the objective of encouraging involvement of women in business.

The average hen day production in small-scale layer farms was 71.7% and the average
feed intake was 108.1g per hen per day. Correlation analysis showed that the feed intake
was positively related (P = 0.03; R* = 0.92) to egg production. It was observed that hen
day egg production was low in farms where feed intake was low, highlighting the
importance of providing sufficient amounts of feed. An average of 1 740g of feed was
required to produce one dozen of eggs. This feed efficiency level was better than those
recorded in some countries, but poorer than the breeder’s recommendation (1 580g
feed/dozen eggs). Hens were culled after 52 weeks in production (around 78 weeks of
age). During this period, a hen produced an average of 245 eggs; this was lower than
300 or more eggs for modern layers under optimum conditions. Factors responsible for
the poor layer performance under small farm conditions in Botswana are clearly
complex, but poor managerial skills and, poor quality of feed and pullets are major
contributing reasons. The lower production levels, however, show that there is room for
improvements and also highlight the need for better record keeping. The average
mortality from 18 weeks of age to culling was 8.46%. Diseases or conditions reportedly
associated with these deaths included Newcastle Disease, prolapse of the uterus and

diarrhoea, but none of the producers vaccinated their flocks.
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The small-scale broiler farms in Botswana grow an average of 4-5 batches per year. The
number of production cycles is determined by the number of sheds in a farm, the interval
between broiler batches and the availability of the market in a given location. Most
broiler farms adhered to the extension advice of two weeks interval to prevent any
disease transmission between batches. The average slaughter age was 48.3 days at an
average carcass weight of 1.46 kg. The average amount of feed required to produce a
broiler bird was 4.6 kg. The feed conversion ratio for small-scale broiler birds in
Botswana was 2.72 kg feed/kg gain, considerably higher when compared to Cobb
standards (1.60 kg feed/kg gain). The high feed conversion ratio values in small-scale
farms are due probably reflective of, among others, the poor quality feeds, management
conditions, length of the production cycle and feed wastage. Correlation analysis
showed that when the age at slaughter increases, the average feed conversion ratio is
increased (P = 0.0001). This finding is of economic relevance in Botswana, because
small-scale producers keep the broilers longer to satisfy consumer preferences. But the
cost of keeping these birds would be higher than the returns from sales because of
decreasing feed efficiency. The average mortality was 9.15%. Diseases or conditions
reportedly associated with these deaths included Newcastle disease, infectious bursal
disease, diarrhoea, chronic respiratory disease, paralysis of the limbs and coccidiosis. In
most cases, productivity parameters recorded in the current study are higher than those

used by the Ministry of Agriculture for budgeting purposes.

In the present survey, baseline data have been generated on the performance levels in
small poultry farms and the production systems have been characterised. In addition to
establishing the production standards, it has raised several issues needing attention. The
results showed that the future growth of poultry industry in Botswana is constrained by a
number of factors including lack of proper knowledge in poultry husbandry and
nutrition, irregular supply and poor quality of feeds and breeding stock, inadequate
support services and access to credit, as well as a poor marketing infrastructure. It is
also clear that intensive systems of raising poultry may not be financially viable long-
term in Botswana, because of the strong dependence on external sources for all major
inputs (chicks, pullets, feed etc). The Government, in association with organisations

such as Botswana Poultry Association, should formulate policies to address these issues.
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The results from a 35-day feeding experiment, conducted to evaluate the influence of a
natural zeolite (Mordenite) on the performance of broiler chickens fed maize-soyabean
meal diets, are presented in Part B of the thesis. Four levels of Mordenite (0, 2.5, 5.0
and 7.5%) were incorporated in diets formulated to provide similar levels of apparent
metabolisable energy, lysine and methionine plus cysteine. Each dietary treatment was
fed to ten replicate pens (4 birds/pen). Inclusion of 2.5% Mordenite improved weight
gains of broilers by 4.1% over that from control diet with no Mordenite, but the
difference were not statistically significant (P > 0.05). Weight gains of birds fed diets
containing 5.0% Mordenite were similar (P > 0.05) to those fed the control diet. There
was, however, a significant (P < 0.05) depression in weight gain of birds fed the 7.5%
Mordenite diet compared to those fed the diet with 2.5% Mordenite. The detrimental
effect on weight gain at this level is due largely to the reduction in feed intake. Feed
intake of birds fed diets containing 7.5% Mordenite was lower (P < 0.05) than those on
the 2.5% Mordenite diets. Inclusion of Mordenite at 2.5 and 5.0% had no effect (P >
0.05) on feed intake compared to controls. Inclusion of Mordenite to levels up to 5%
had no effect (P > 0.05) on the feed efficiency of broilers. The inclusion of 2.5%
Mordenite, however, caused a numerical improvement in feed utilisation (1.47 versus
1.51g feed/g gain). Feed efficiency was significantly (P < 0.05) depressed when 7.5%
Mordenite was included in the diets. Excreta nitrogen and phosphorus contents were
affected linearly (P = 0.001) by increasing levels of Mordenite. Excreta quality scores
were not influenced by the inclusion of Mordenite. Overall, the findings are
encouraging and showed that the addition of low levels of Mordenite (2.5%) is

beneficial in improving broiler production and litter attributes.

111



ACKNOWLEDGEMENTS

My deepest gratitude is to my supervisor Dr. V. Ravindran, Associate Professor of the
Monogastric Research Centre (MRC), Institute of Food, Nutrition and Human Health,
Massey University, Palmerston North, New Zealand, for his valuable guidance, patience
and assistance in both the planning of the experiments and in preparation of the written
text. His expertise, critical advice, attention and friendship have been invaluable in
making this study a worthwhile learning experience. My thanks go to Mr D.V. Thomas
for his valuable advice and spiritual support through hard times of my life and Mr B.J.
Camden for being exemplary in chicken research. Acknowledgements to Miss Janet
Reid of the Institute of Natural Resources, Massey University, Palmerston North, New

Zealand, for her assistance in the development of questionnaires.

[ would like to thank the New Zealand. Ministry of Foreign Affairs and Trade for
awarding me NZODA: PGS Scholarship to obtain the degree of Master of Science
(Nutrition). Special thanks to Mr C. Chua for his assistance when [ applied for the
scholarship. Thanks to the Botswana government (Ministry of Agriculture) for giving

me a two-year study leave to pursue this degree.

[ wish to extend my thanks to all friends that I had here, especially Yu Ben Wu, Roy
Padilla and Willie Chew, who supported and assisted me in one-way or the other.
Special thanks go to my colleagues at work back in Botswana for their support and
making me believe in myself. Grateful acknowledgement is made to Miss Mmasabata

Setlhomo of the Poultry Section in Francistown for her participation in data collection.

My deepest gratitude go to my wife Virginia, daughter Keitumetse and the two sons
Badubi Jr. and Rebaone for their love, support and encouragement throughout the time I
was in New Zealand. Special thanks to my daughter Keitumetse who always told me
she would do better than me academically if I was not serious. Finally, I would like to
thank my families (mine and my wife’s) in Botswana for their love, support and

encouragement.

‘““Sa siiwa tsasting se ikisa meriting: Bojang ja Pitse ke jo bo mo maleng...e bo lebile

v



TABLE OF CONTENTS

Page
ADSITACT ...ttt ettt ettt h et e e e e ee s 1
ACKNOWIEAZEMENLS....ooiiiiiiiiiiie e e e v
Table Of CONLENLS . ....ciiiiiiiie et e e e e v
LIST Of TaBIES ..o e e X
LAST Of FIZUIES ...eeeeiieeiee e e et e e e e e eee e e X1
LiSt Of ADDIE@VIATIONS ....eieutiiiiieiiie ettt e e e x1il
PART A
CHAPTER 1- GENERAL INTRODUCTION......cooiiiiiiiiiiiiiiieie e 1
1.1 Background and Problem Statement ............c.cccoooiiiiiinii |
1.1.1 Botswana poultry INAUSIIY ........oeviiiiiieeiiiieeiee e 2
1.2 Objectives of the Study........c.ooeiviiiiiiiiiiiii e 3
1.3 Relevance of the Research............cooooi 4
1.4 Limitations of the Study ... 4
1.5 Outline of Part A of the ThesiS .......coooviiiiiiiiiiiii e 4
Chapter 2 — LITERATURE REVIEW ... 3
2.1 INEFOAUCTION ...t e e e 5
2.2 Trends in Animal Production..........cccccccoiiiiiiiiiiii e b
2.2.1 Cattle ProdUCHION .......ccuuiiiiiiiieeiiiiie et e e e e 6
2.2.2 Sheep and goat production...........c.ccceeviiiniiiiiciiniiic e 6
2.2.3 Pig ProdUCHON.....coiiiiieiiteiiiee et e e e e ee e e e 7
2.2.4 Poultry produCtion ..........cooeeieiiiiiiie e e 7
2.3 Government POIICIES ....ccoouiiiiiiiiiiiie it 8
2.3.1 Financial Assistance POliCY .......ccccooviiiiiiiiniiiniiiiiccce, 9
2.3.1.1 Objectives of the financial assistance policy ..........c..cc....... 11
2.3.1.2Review Of FAP ..o 11
2.3.1.3 Constraints of FAP projects.......cccccceevvvvvieiiiieieiiiiiieeeees 2
2.3.2 Small, Medium and Micro-Enterprises (SMME) Policy................ 12

\Y



2.3.3 The Food Security POLICY ......oooiiiiiiiiiiiiiee e 13

2.3.4 Arable Land Development Programme (ALDEP) ......................... 14

2.4 Poultry Production ..........cccceoiiiiiiiiiiiiiiciiee e 14

2.4.1 Village chiCKen ..........cccciiiiiiiiiiic e 15
2.4.1.1 Characteristics of the village chicken production

SYSEEMS 1N AfTICA ..eviiiiiiiiiiieeciiee e 16

2.4.1.2 Rural poultry improvement programmes ..............ccc.cc.e..... 16

2.4.1.3 Diseases and parasites...........cccooeenieiiiiiiiniiiniineeee e 17

2.4.1.4 Productivity of indigenous chicken .............c.occocciien 18

2.4.1.5 Marketing of indigenous chicken ...........cccccooiiiiiiiinnnn. 19

2.4.2 Commercial poultry production in Botswana.............cccccccceeennne. 19

2.4.2.1 Commercial poultry production in Southern Africa in

relation to Botswana ... 21

2.4.2.2 Broiler produCtion...........cccouivieeiiiiiiinieiiesie e 24

2,423 EgZProduCtion........ccccuiiiiiiiiiiiiieiiie e 25

2.4.3 Poultry DISEaSEs.......cocuiiiiiiiiiiiiiit it 25
2.4.4 Factors limiting poultry production in Botswana.................c......... 25

2.5 Concluding COMMIENTS ......evieiiiiieiieeeiiee ettt e e 27

CHAPTER 3 — A SURVEY OF SMALL-SCALE LAYER PRODUCTION SYSTEMS

IN BOTSWANA et 28
3.1 INErOAUCTION. ...t 28
3.2 Research Methodology .........cccovviiiiiiiiiiiciii e 29

3.2.1 Location of the study area............ccccovvuveerieiiiieiiieeeeeeeeeee 30
3.2.2Data analySiS ......cooiiiiiiiiiiiiiii e 32
3.3 RESUILS o e 32
3.3.1 Age profile of producCers............cocoviiviiiiniiiiiiieiiieec e 32
3.3.2 Gender profile of producers.........cccecueveiiiiiniiiiiiie e, 33
3.3.3 Education status of producers............cccouervuieniuienieinniee e 33
3304 HOUSINE ..ttt ettt 33
3.3.5 Layer strains and their SOUrces ............ccccooviieiiiiiiiiiieiiiieciiiieeen 34
3.3.6 Number of layers per farm..........cccceeeiiiiiniiiiniiiiiieceeeseece e 34
3.3.7 Production Parameters ..........cccocueevueeeeerieiuiiieniine e eiiiieeeeeeeeeiieeeees 34

Vi



3.3.7.1 Hen day produCtion.............cccuveeviiuiiieniieeeeiiieie e 34
3.3.7.2 Eggs per bird per production cycle (22 weeks to culling) .. 34

3.3.7.3 Feed intake per bird ...........cccooiiiiiiiiiiiiiiiiccece 35
3.3.7.4 Feed cONVErsion ratio...........ccocueeiieenieaniiieaiieee e 36
3.3.7.5 Average mortality per flocK..........cooceoiiiiiiiiini, 36
3.3.7.6 General Management ........c.uvvvvireiiiieeririieeeaiiiieeeee e e 37
3.3.7.6.1 Feeds and their SOUICeS..........ccceviiiiiiiiiiiiiiiiiieeeeiieee e 37
3.3.7.6.2 Farm 1abour.........cc.cooiiiiiiiiiicicee e )
3.4 DISCUSSION ...ttt et ettt et ettt e e et e e et e e e e nenaee s 38
3.5 CONCIUSIONS ..ottt et 43

CHAPTER 4 — A SURVEY OF SMALL-SCALE BROILER PRODUCTION

SYSTEMS IN BOTSWANA Lo 44
4.1 INErOdUCHION. ...ttt 44
4.2 Research Methodology ........ccccoiiiiiiiiiiii 45

4.2.1 Location of the study area...........c..ccooviiiiiiiniiiiiiiieiie e 46
4.2.2 Data analySIS ...ccouveiiieiiiiee et 46
A3 RESUILS et 46
4.3.1 Age profile of produCers...........ccccoeeuevieiiiriiiiiee e 46
4.3.2 Gender profile of producers...........ccccoceeviiiiiiiiiniiiiiciie e 47
4.3.3 Education status Of producCers ...........ccceecueeeieeiiiieeiiiiee e e 47
4.3 4 HOUSINE .ttt 47
4.3.5 Broiler Strains USed ...........coouuiiiiiiiiiiieieeciee e 48
4.3.6 Number of birds per production cycle ..........cccceovviiniiiiniininienn. 48
4.3.7 Production cycles per annum...........cccoeoieviiiiiieiiienieeeeniie e 49
4.3.8 Performance parameters ..........cccueeouerueriueerieanieeeniiee e eiee s 49
4.3.9 General Management ............cccoouiiiiiiiiiieiie et 51
4.3.9.1 Brooding .....ccveiiiiiiiiiieiiiee et 51
4.3.9.2 Bedding material................oooiiiiiiini 51
4.3.9.3 Types Of feedS......ocvuiiiiiiiiiiiiiiiii e 51
4.3.9.4 Diseases and moOrtality ........ccooceevieeiniiiiiiiiieeiiicee e, SN
4.3.9.5 Farm labour profile ...........ccccoviiiiiiiiiiiiiiiiii i 51
4.3.9.6 Attitudes and general comments by producers................... 53

vii



4.3.9.6.1 Farmer attitudes .......ccovvemeeeeeeeeee e 53

4.3.9.6.2 General COMMENLS ......ceouvieriiiririeiaiiieeiiieeee e 53
4.4 DISCUSSION ...ttt e ettt et e e 54
4.5 CONCIUSIONS ...viiiiiiiiiiiie et 59
CHAPTER 5 — GENERAL DISCUSSION ......ooiiiiiiiiee e 60
5.1 CONCIUSIONS .ot 66

PART B
CHAPTER 6 — GENERAL INTRODUCTION ......cocuiiiiiiiiiiiciiiiee e 68
6.1 Objectives of the StUAY ......ooeeiiiiiiiiie e 68
6.2 Outline of Part B of the Thesis .......coccviiiiiiii 69
CHAPTER 7 - REVIEW OF LITERATURE........cccoiiiiiii e 70
7.1 INErOUCTION. ..ttt 70
T2 ZRONIES o 71
7.3 Effects of zeolites in poultry production ............ccccceeeeviviiiiiiiieieeeeeennns 72
7.3.1 Protective effects of zeolites on chickens...........cccccooiiiiiiiiie, 72
7.3.2 Effects of zeolites in broiler performance .............cocccvverieieennnnns 74
7.3.2.1 Use of synthetic zeolite in diets for broilers ....................... 74
7.3.2.2 Use of natural zeolites fro broilers...........ccccccoovvieeennnin. 76
7.3.2.3 Use of synthetic zeolites in diets for laying hens ............... 78
7.3.2.4 Use of natural zeolites in layer dietS...........ccocceeevniieennnenn. 79
7.3.3 Mode of action Of ZE€OIILES .......ccccviiiiiiiiiiiiiiiic e 81
CHAPTER 8 — MATERIALS AND METHODS ..o, 85
8.1 INErOAUCTION. .....eiiiiiie e 85
8.2 MOTAENILE. ...cuiieiiiie ettt et e e 85
8.3 Animal hOUSING......coiiiiiiiiiiiiii e 85
8.3.1 BroOder FOOML....cccuuiiiiiiiiiiiiiiiieee e 85
8.3.2 Grower Shed........cuveiiiiiiiiii e 86
8.4 Preparation of Experimental Diets..........ccccoeovviiiiiiiniiiiniiiicce 86

viil



8.4.1 Ingredients USEd ........ccceeiiiiiiiiiiiiiiie e 86

8.4.2 FEed MIXING ..oeiiiiiiiiiiiiii et e e 88

8.5 ANIMALS ..ottt e 88

8.6 Experimental procedures .............cocouviiieiiiiiniieniieieicesiee e 89

8.6.1 MEASUIEIMENLS ....evviiiiiieiiiiieeiii et e e 89

8.6.2 Collection of excreta SAMPIES .......oovuvveeeiiiiiieeiieeiiiee e 89

8.6.3 Calculations .......coociiiiiiiiii i 89

8.6.4 Chemical analysis .........ccooiviiiiiiiiiiie e 89

8.7 Statistical ANAlYSIS....c.ccuiiiiiiiiiiiiiiee e e 90

8.8 RESULLS ...t e et e e 90

8.8.1 Body weight gain .........c.cooiiiiiiiiiiii e 90

8.8.2 Feed INtaKe........cooiiiiiiiiiiii e 90

8.8.3 Feed efficiency (FCR) ....cc.ooiiiiiiiiiiieeeee e 91

8.8.4 Excreta nitrogen CONLENT ........oouvirririiieeniieiieeeire et et e e 91

8.8.5 Excreta phosphorus content...............ooociiiiiiiiiiiiiiiiie e 92

8.8.6 Manure quality and excreta moiSture ...........cccoeeveeevireenieeeneeenenee. gp

8.9 DISCUSSION ...ttt ettt ettt e bt e e e e e 92

0.0 CONCIUSIONS ...ttt 95

REFERENCES .. et 96
APPENDIX L.t 107
APPENDIX TL..c.oi e e 113

ix



LIST OF TABLES

Table No Page
2.1 Production of chicken meat and eggs in Botswana (1982-1999) ............... 20
2.2 Per capita consumption of chicken eggs and meat in Botswana ................ 21

2.3 Chicken population in the Southern African Development Community

72410 )  H OSSR PP SR 22
2.4 Poultry meat production and total meat production in the Southern

African Development Community regional economy..........ccccceevniieeenn. 23
3.1 Age profile of egg producers in the two districts surveyed........................ 32
3.2 Gender profile of egg producers in the two districts surveyed................... 33

3.3 Average production parameters in the small-scale layer farms in
BOUSWANA. ..ottt 35
4.1 Age profile of producers in the two districts surveyed............cccceevnnernnnee. 47

4.2 Number of broilers per production cycle (batch) in small-scale broiler

4.3 Performance parameters of broilers in small-scale farms in Botswana...... 50

4.4 Correlations between age at slaughter, slaughter weight, carcass weight,

feed per bird and feed conversion ratio (FCR) ..........cccoooiiiniiiininninnn 50
4.5 Poultry diseases recorded in small-scale broiler farms...............ccocoeeeene. 52
4.6 Distribution of labour among the farms surveyed.........c.cccocoeeniiiniinienn 53

7.1 Summary of published data (1989-2000) — effects of zeolites on
the performance and serum parameters of poultry fed diets contaminated
WIth aflatoXINS ...eeiiiiiiiii e 73
7.2 Summary of published data (1988-1995) — the effects of synthetic zeolites
on performance of broiler chickens ............ccccoooiiiii 75
7.3 Summary of published data (1983-1993) — the effects of natural zeolites
on the performance of broiler chickens .............ccooocii 77
7.4 Summary of published data (1989-2000) — the effects of synthetic zeolites
on the performance of laying hens...........oociiiiiiiii e, L
7.5 Summary of published data (1989-1998) — the effects of natural zeolites
on the health and performance of laying hens...........cccccociiiniinniiinns 80

8.1 Percentage composition and calculated analysis of diets ..................c........ 87

X



8.2 Composition of vitamin and trace mineral premixes used in the
4 815 311 1 1<) 1 L APPSR PP SR PPPRPUPPON
8.3 Influence of graded levels of Mordenite on the performance and excreta

quality of broiler chickens reared from 1-35 days of age.........ccccoceennennnn.

X1



LIST OF FIGURES

Figure No. Page
3.1 A map of Botswana showing the study areas (shown by bold outlines) .... 31
3.2 Average feed intake per bird per day in the 14 layer farms surveyed........ 36

3.3 Feed conversion ratio (kg feed/dozen eggs) of the 14 farms surveyed ...... 37

xi1



ADG
ALDEP
AME
BMC
DON
EDS
FAO
FAP
FCR
FEPNZ
GDP
GIT
HSCAS
IBD
Kcal
MCI
MFDP

Ml
MMRWA

MoA
NCD
NDP
NIV
NVL
SADC
SMME
SZA

LIST OF ABBREVIATIONS

AVERAGE DAILY GAIN

ARABLE LAND DEVELOPMENT PROGRAMME
APPARENT METABOLISABLE ENERGY

BOTSWANA MEAT COMMISSION
DEOXYNIVALENOL

EGG DROP SYNDROME

FOOD AND AGRICULTURAL ORGANISATION
FINANCIAL ASSISTANCE POLICY

FEED CONVERSION RATIO

FEDERATION OF EGG PRODUCERS NEW ZEALAND
GROSS DOMESTIC PRODUCT

GASTRO INTESTINAL TRACT

HYDRATED SODIUM CALCIUM ALUMINOSILICATES
INFECTIOUS BURSAL DISEASE

KILO CALORIES

MINISTRY OF COMMERCE AND INDUSTRY
MINISTRY OF FINANCE AND DEVELOPMENT
PLANNING

MEGA JOULE

MINISTRY OF MINERAL RESOURCES AND WATER
AFFAIRS

MINISTRY OF AGRICULTURE

NEWCASTLE DISEASE

NATIONAL DEVELOPMENT PLAN

NIVALENOL

NATIONAL VETERINARY LABORATORY

SOUTHERN AFRICAN DEVELOPMENT COMMUNITY
SMALL, MEDIUM AND MICRO-ENTERPRISES
SODIUM ZEOLITE A

Xiil





