FEASIBILITY OF INTEGRATING ORGANIC MILK PRODUCTION INTO
CERTIFIED SMALLHOLDER ORGANIC FARMS IN KIAMBU AND KAJIADO

COUNTIES, KENYA

A THESIS SUBMITTED IN FULFILLMENT OF REQUIREMENTS FOR DOCTOR OF
PHILOSOPHY DEGREE OF UNIVERSITY OF NAIROBI

(LIVESTOCK PRODUCTION SYSTEMS)

Charles Owino Odhong’,
BSc, MSc (Nairobi)
Department of Animal Production

Faculty of Veterinary Medicine

2014



DECLARATION

This thesis is my original work and has not been presented for a degree in any other University

Charles Owino Odhong’ B.Sc, MSc (Nairobi)

SIgN: e Date: ..o

This thesis has been submitted for examination with our approval as University supervisors
1. Prof. Raphael G. Wahome, BVM, MSc, PhD
Department of Animal Production, University of Nairobi, Nairobi

SIgN: e Date: ...ooei

2. Dr. Mette Vaarst, DVM, MSc, PhD
Department of Animal Science, Aarhus University, Denmark

SIgN: Date: ..o

3. Dr. Samuel M. Githigia, BVM, MSc, PhD
Department of Veterinary Pathology, Microbiology and Parasitology, University of Nairobi,
Nairobi

SigN: Date: ..o



DEDICATION

This work is dedicated to my dear wife, Ruth Vusaka and my son, Arthur Baraka and the entire
Odhong’ family for their love, support, encouragement and committed partnership in the success

of my life



ACKNOWLEDGEMENT

First and foremost, | thank God for his faithfulness, love, care and strength during the entire

period of my studies. The Danish Ministry of Foreign Affairs (DANIDA) through the

Productivity and Growth in Organic Value Chains (ProGrOV) project are acknowledged for

funding the studies. | am grateful for the persistent encouragement and support from my

university supervisors; Prof. Raphael Wahome, Dr. Mette Vaarst and Dr. Samuel Githigia in

pursuing my post graduate career development, as well as their guidance and help during the

course of this study. | would also like to express my sincere appreciation and thanks to the

following people and organizations:

My wife, Ruth Vusaka and my son, Arthur Baraka for their support and love and to the
entire Odhong’ family for their encouragement and support during my studies;

The entire ProGrOV team comprising of all the students, supervisors and the East Africa
organic movements;

The Kenya Agricultural Research Institute and the National Museums of Kenya for
helping with sample identification and collection;

Richard Otieno, Benjamin Kyalo and Ezekiel Weda for their technical assistance;

Gidi Smolders and Anne Kudahl for their contribution in data analysis;

The entire staff of the Department of Animal Production;

Fellow postgraduate students, Haggai Ndukhu, Leah Murimi, Quinter Genga, Josphat
Njenga, Eustace Kiarie and Samwel Ndungu;

Farmers who participated in this research; without their support this research would have

been unsuccessful.

God bless you all



TABLE OF CONTENTS

DECLARATION ...ttt ettt b e et e s s e e b e e s b e e be e e nn e e nneeanreenree s i
DEDICATION ...ttt h e st a b e e r e e s e e n e e e nn e e reennreens i
ACKNOWLEDGEMENT ...ttt r e reas iv
TABLE OF CONTENTS ...ttt e r e nn e v
LIST OF TABLES ...ttt ettt e et e st e e be e e e e nneeanneeneas Xi
LIST OF FIGURES ...ttt xiii
ABBREVIATIONS .ttt bttt e et e enbe e b e e reesnn e e nnee e Xiv
ABSTRACT ettt b et bt h et b e e R et b e h et e bt bt e n e nnn e neeanes XVi
CHAPTER L ..ttt b et e e bt e e s bt e e b bt e b e e s hn e e bt e e be e et e e nnn e 1
GENERAL INTRODUCTION......ceiiiiiitieiit ettt ne e e 1
O © o] [T £ =T SO SUPRR 4
12,1, Broad ODJECLIVE ...c.veeiieiie ettt e e e saeesnreenree s 4
1.2.2.  SPECITIC ODJECIVES ...ttt 5

1.3, RESEArCH QUESTIONS......ciiiiieiiii ettt ettt e e et e e s e e e s be e e snbeeesabaeea 5
4.2, OULIINE OF the ThESIS ... 6
CHAPTER 2 ..ttt ettt b ettt e s bt e e a b e e e b bt et e e ehb e et e e e be e et e e nnne e e 7
LITERATURE REVIEW ...ttt 7
2.1. Dairy production IN KENYA..........cueiieieiiieieiesese ettt 7
2.2. Mixed Crop-lVEStOCK SYSTEIMS. ......c.eiieieiiiteiterie ettt 8
2.3. Organic principles in relation to animal production ..., 9
2.4. Global Development of Organic AgriCUlture ... 11
2.5. Development of Organic agriculture in KENYa .........cccooeieiiiiniiiiieeeesese s 13

\



2.6. Global status of 0rganiC agriCUITUIE ............ooiiiiiiieec s 15

2.7. Status of organic agriculture IN KENYA...........coiiiiiiiiieie s 17
2.8. Organic legislation and certification in KeNYa ... 18
CHAPTER 3 .ttt bbbttt b bbbt h et et et e bt sb et e bt eneeneas 20

CHALLENGES OF CONVERSION TO ORGANIC DAIRY PRODUCTION AND

PROSPECTS OF FUTURE DEVELOPMENT IN INTEGRATED SMALLHOLDER FARMS

IN N Y A ettt h ekt e et bt e e be e e e b et e e b et e abe e e sabe e e snbeeeanbeeennneeans 20
3Ll ADSEITACT ...ttt bbbt bbb 20
T [ 011 oo [0 Tod 1 o] TP P U PRSP 21
3.3, Materials and MEtNOUS .........coiiiiiiiee s 23

TR T S (116 |- =T WSSOSO PRORPPO 23
3.3.2. SUIVEY MethOdOlOgy .......ccuiirieieieiie it 23
3.3.3.  Data COlBCTION ...t 25
334, Data @NAlYSIS ...couveiiiiiiiiii e 25
T S o (<11 | | £ R 25
3.3.3.  Characteristics of the crop-dairy production SYStem ...........ccceeveveiveerveriesieeseennenns 25
3.3.4. Reasons for keeping dairy Cattle ...........cccooveiieii i 31
3.3.5.  Challenges of organic dairy production ............ccceeerverviieesieesesie e e 31
3L, DUSCUSSION ...tttk bttt b et b e r ettt 34
3.4.3.  AQe OF the TArMEIS ..c..eciice e 34
3.4.4. Small land size a challenge for crop livestock integration and animal welfare....... 34
3.4.5. Organic feed and animal nutrition, a question of prioritization?...............c.cccocu.... 35
3.4.6. Pestand disease ManagemMENt .........ccccveiueiiieieereiie s ese e sre e sre e e e e 36



347, RECOMM KEEPING ...ttt bbb 37

3.4.8.  EXIENSION SEIVICES. ....ctiitiiiiiiieiieieit ettt bbbttt a e 37
3.4.9.  Financing 0rganiC ProdUCTION .........ccoiiiiriiieieie et 38
3.4.10.  Markets for organic dairy ProduCtsS ...........ccocereerererereninieie e 38
3411, POlICY fraMEWOIK .....oviiiiiieieee e 39

3.5, Conclusions and FULUre PErsSPECLIVES. ..........cuiiiirieieieie st 40
CHAPTER 4 ..ottt ettt bt bbbt e he e e bt e s bt e e beenabeenbeesnbeebee s 41

DAIRY CATTLE MANAGEMENT, HEALTH AND WELFARE IN SMALLHOLDER

FARMS: AN ORGANIC FARMING PERSPECTIVE ..o 41
A1 ADSTIACT ...t bbbt 41
O | 111 (oo [¥Tox ([0 o PO USSP PP VTP PRSP 42
4.3.  Materials and METNOUS ..........oiiiiiiiieee e 44

4.3.1. Study area and selection OF FarmMS ..o 44
4.3.2.  Data COIBCTION .......eiiiiiieiieee e 45
O U || PSS 46
4.4.1. Land holding and 1and USE PAtterN ........cccueveeiereeresiere e 46
4.4.2.  Housing design and NYQIENE ........oocuiiieiieie e 48
4.4.3.  Grazing and OULAOON ACCESS .......eiuveuerreerieeiesiesieesiesiesteesaesseesseeeesseesseessesneesreeseeans 50
4.4, HEIT SEIUCIUIE......oiieiiiiieeee sttt 50
445, Calf MaNagEMENT.....c..oiiiiiee et ee e 52
4.4.6. Milking production and milKing PractiCes..........ccccvuvuereereiiieseeie e ere e 52
4.4.7. Breeds and breeding management ..........ccccveeeiieieiiene e 53
4.4.8. Disease and pest ManagemMENt .......cccccvveiieieiieieeie e e e ee e sae e e ae e sre e 55



4.4.9.  Feeding ManagEmMENT .......coiiiiiii it 57

4.5, DISCUSSION ...ttt etttk b bttt bbbttt b bt bt et b e se et e st et b et e e 57
45.1.  Land holding and USE ........c.coeiiiiiiiiiieeeieee e 57
4.5.2. Farm structures and NYQIENE .........ccoiiiiiiiieieee e 58
4.5.2.  Grazing and OULHOOF GCCESS ......c.uerverreriirieriieietestestestesiesie s e sre st sbe b s sbe e eneens 60
4.5.3.  Calf MANAGEMENT ......oiiiiiiee e 61
4.5.4. Feeding ManagEMENT ..ottt 62
4.5.5. Use of poisons and chemical medicine in disease management...........ccoccvvrueneee 64
45.6. Breeding management and breeding ODJECtIVES ..........covvvirieieninenieeeee, 65
4.5.7. Human choices related to animal farming ...........ccocoooiiiiiiiniiinee 66

A.6.  CONCIUSTON ...ttt bbbttt e e bbbt 67

CHAPTER 5 .ottt h et e e sttt e s he e ekt e s bbeeteesnteenbeesnbeeteeas 69

FEASIBILITY OF CONVERTING SMALLHOLDER DAIRY FARMS TO ORGANIC

PRODUGCTION ...ttt sttt et st e b e st e et e sab e e nbeessb e e beeembeesbeessbeenbeenneeenns 69
5.1 ADSIIACT ...ttt et bbbt 69
5.2 INFOGUCTION ...ttt 70
5.3.  Materials and MethoUS. .........ccoiiiiiiiiic e 72

5.3.1.  Sampling and obtaining data...........cccccvereiiierierece e 72
5.3.2.  Conversion Proximity Variable Identification...........cccccccovveviiieiieiin e, 72
5.3.3.  Conversion proxXimity eValuation...........cccccevivereiiieiieesecie e 75
5.3.4.  StatiStiCal ANAIYSIS .. ..veeveiieieiiie e 76
5.4, RESUIES....eieeeee s 76
5.5, DUSCUSSION ...tttk ekttt bbb bbbt b et 81



551, NULItION MaANAGEMENT.......eiiiieieiieite ittt 81

5.5.2. Disease Prevention and VEterinary Care ..........cccooevererenenieieeiesesesesesie s 83
5.5.3.  BIAAING ....c ittt 84
554, ANIMAI WEITAIE......ouiiiiiiieee e 86
5.5.5.  Conversion Process and Marketing ...........ccocueveieriiininiiiniecee e 88
5.5.6. Food Safety and Marketing..........ccceeeriiiriniiieiese e 88
5.5.7.  Organic Livestock ProxXimity INAEX...........ceoueirieriieiiiiiieieeeeee e 89

5.6, CONCIUSION ...ttt bbbttt bbbt b e enes 90
CHAPTER 6 ..ottt ettt sa et e ekt et e e e b e ekt e s bt e e beesneeebeesrbeenbeens 92

IN VITRO ANTHELMINTIC EFFECTS OF CRUDE AQUEOUS EXTRACTS OF TEPHROSIA

VOGELII, TEPHROSIA VILLOSA AND CARICA PAPAYA LEAVES AND SEEDS................ 92
6.1, ADSIIACT ..ottt bbb 92
6.2, INIFOAUCTION ....eviiiiieieee bbbttt bbbt 93
6.3.  Materials and MEthOUS. .........cuiiiiiii s 95

6.3.1.  Collection of plant MaterialS...........cccooeiiiiiiiii e 95
6.3.2.  Preparation of serial dilutions of aQUEOUS EXIIaCtS ..........cccccveveerieiieereerie e 96
6.3.3.  Recovery and preparation OF €00S.......ccccivrieriiereriieiie e 96
6.3.4.  EQQ NALCH @SSAY......ueiiiiiiieiieiie et nne e 97
6.3.5. Larval development and viability @SSay.........c.ccceveiiieriiiciieeie e 97
6.3.6.  StatiStICAl ANAIYSIS .. .veeveiieiiciie e e 98
B.4.  RESUILS... .o 99
6.4.1.  EQQ NALCH @SSAY.....ceiieiiiiieiiiciie et 99
6.4.2. Larval development iNhibitioN...........c.ccoeiiiii i 101



6.5. DI CUSSION ..ttt nnnnnnnnnn 104

6.6, CONCIUSION ...ttt b bbb 106
CHAPTER 7 . ettt b et b e e hb e e bt e e st e e ebe e s mbeebeeenneebeeannas 107
GENERAL DISCUSSION AND CONCLUSION ..ottt 107

7.1. Background t0 the reSEarCN.........uciiii e 107

7.2. RESEAICH @PPIOACKH ....oviec e 108

7.3..0rganiC pProduCTION SYSTEIM ........c.uiiiieiiie et sb e 110

7.4. Integration of dairy cattle in certified Crop farms ..o 112

7.5. Dairy cattle management in smallholder farms ... 114

7.6. Conversion of smallholder farms to organic production ............ccceoevereneneneneseeeenns 117

7.7. Organic production StANGAIGS ..........cceiiiriiiiiiiieee e 119

7.8. Conclusions and reCOMMENALIONS...........coeiiriiiiieiee e 120
RETEIEICES ...ttt bbbt bRttt b et 122
AANNEXES. ...ttt etttk R Rt Rt R et R re e 152

Annex 1: Exploratory Survey QUESLIONNAITE ..........cueierierierieriesiesie e 152

Annex 2: Baseline Farm CharaCteriStiCS.........o.uiviiriiiiriiereisesese s 171

Annex 3. Longitudinal study QUESTIONNAITE ...........covueiuiiieiieie e 173



LIST OF TABLES

Table 2.1: Changes in organic agricultural land by region (including in-conversion areas)
between 2007 and 2012 .......ccviiiiiieieieee e 16

Table 3.1: Overview of the farmers and the farm characteristics in Kiambu and Kajiado

COUNTIES ...ttt bbbt b bttt n et 26
Table 3.2: Frequency of level of education completed and the age of the respondents ............. 27
Table 3.3: Average size of land in acres and the source of animal feeds ..........c.ccccocevveininene. 30
Table 3.4: Main reasons for keeping dairy cattle in Kiambu and Kajiado Counties .................. 32

Table 3.5: Farmer perceived challenges for converting the dairy herd and milk production to

organic production in accordance with the East African Organic Products Standards

Table 4.1: Land holding and use on smallholder farms ..., 47

Table 4.2: Details of the cow housing system on the farms in Kiambu and Kajiado Counties .. 49

Table 4.3: Herd structure of visited farms at the beginning of the study ............cccccoovviiiiiiinnns 51
Table 4.4: Milking Procedure in Kiambu and Kajiado Counties ...........cccccvevveicieeiicneesie e, 54
Table 4.5: Helminths and Tick control practices in the farms ...........cccocoviiiinnncie s 56

Table 5.1: Indicators, Weighted Coefficient and Variables used for calculating the Organic
Livestock Proximity Index derived from the East Africa Organic Standards and
EnCert Certification REQUITEMENTS .........ccoeiiiiiiiiiiiiiieie e 73
Table 5.2: Mean indicator values (percentage of approximation of smallholder farms to organic)
for farms in Kiambu and Kajiado COUNLIES ............cooiiiiieiiiieie e 77
Table 5.3: Mean value*weight*100 and standard error for seven indicators in the OLPI in

Kiambu and Kajiado ..........cociiiiiiiiiiieie e 80



Table 6.1: The mean inhibition of egg hatching £ SD for the different plant extracts compared to
the distilled water Nnegative CONIol ...........ocooieiiiiiiii s 100
Table 6.2: The mean larval inhibition + SD for the different plant extracts compared to the
distilled water negative CONIOl ... 102
Table 6.3: LCsy and regression values for egg hatching and larval development of the plant

L) - (o1 £ TR URTR 103

xii



LIST OF FIGURES

Figure 3.1: Map of Kenya Showing the Study sites

Figure 3.2: Average size of Land owned by farmers in Kiambu and Kajiado Counties .........

Xiii



ABBREVIATIONS

ABLH Association of Better Land Husbandry

AFMA Austrian Federal Ministry of Agriculture, Forestry, Environment and Water
Management

CBO Community Based Organization

CGIAR Consultative Group on International Agricultural Research

COSHEP Community Sustainable Agriculture and Healthy Environmental Programme

DANIDA Danish International Development Assistance, Danish Ministry of Foreign

Affairs
EAOPS East Africa Organic Product Standards
EPOPA Export Promotion of Organic Products from Africa
EPZ Export Processing Zone
EU European Union
FAO Food and Agriculture Organization of the United Nation

FAOSTAT  Food and Agriculture Organization of the United Nation Statistical Year Book

GDP Gross Domestic Product

ICPALD IGAD Center for Pastoral Areas and Livestock Development
IFOAM International Federation of Organic Agriculture Movement
IGAD Intergovernmental Authority on Development

ILRI International Livestock Research Institute

KDB Kenya Dairy Board

KIOF Kenya Institute of Organic Farming

Xiv



KIPPRA

KOAN

KOFA

MoLD

NGO

NAEP

OMAP

ProGrOov

SACDEP

UNCTAD

UNEP

USA

Kenya Institute for Public Policy Research and Analysis
Kenya Organic Agriculture Network

Kenya Organic Farmer Association

Ministry of Livestock Development

Non-Governmental Organization

National Agricultural Extension Policy

Organic Market Assistance Programme

Productivity and Growth in Organic Value Chains
Sustainable Agriculture Community Development Programme
United Nations Conference on Trade and Development
United Nations Environment Programme

United States of America

XV



ABSTRACT

Organic livestock production can be considered as a system of production that better fulfils
animal needs, promotes use of organic and biodegradable input for production and reduce the use
of conventional veterinary treatments. As demand for organic dairy products increases in Kenya,
especially in Nairobi, so does the need to supply the growing demand. Increased diversification
of organic production is needed to meet the growing demand. The objective of this study was
therefore to investigate the potential, challenges and feasibility of integrating organic milk
production in smallholder crop-livestock farms in Kiambu and Kajiado counties of Kenya and
validate the efficacy of Tephrosia vogelii Hook., Tephrosia villosa Pers., and Carica papaya
Linn. leaves and Carica papaya Linn. against gastrointestinal nematodes. Data was obtained
through purposive cross-sectional survey of 55 certified organic crop producers with dairy cattle.
It was complemented with additional information from longitudinal and targeted semi-structured
interviews from 24 farmers randomly selected from previous cross-sectional survey. A
laboratory experiment was also conducted to validate the efficacy of crude aqueous plant extracts
(Tephrosia vogelii Hook., Tephrosia villosa Pers., and Carica papaya Linn. leaves and Carica
papaya Linn.). Result from the study showed that lack of organic inputs to control pest and
diseases (78%) and lack of organic feed (64%) were the most important constraints for farmers
to integrate organic dairy production. The average herd size was 3.53 with all the dairy cows
were zero-grazed. Most of the cubicles were less than 2.50M%(75%) and majority of the farmers
used acaricides on a weekly basis to control ticks (47%), while all incidences of diseases were
treated by a veterinarian. Dried and poultice paste of T. vogelii leaves and C. papaya seeds had
more than 95.8% and 98% reduction in egg hatch and larval development inhibition at

concentration of 500 mg/ml respectively.
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Egg hatch assay revealed more than 95.8% reduction in egg hatch at concentration of 500 mg/mi
for dried and poultice paste of T. vogelii leaves and C.papaya seeds. Larval development
inhibition assay results showed that both dried and poultice paste of T. vogelii leaves and
C.papaya seeds extract yielded more than 98% inhibition at a concentrations of 500mg/ml.
Based on the LDs, dried extract of C. papaya seeds was most potent extracts for the inhibition of
both egg hatching (49.94mg/ml) and larval development (49.32mg/ml). Integration of organic
dairy production in smallholder farming systems requires sufficient organic feed for cows,
organic inputs to control pest and diseases, re-construction of animal structures and additional
land for regular outdoor run to meet the welfare needs of the cows. Prospects for conversion of
smallholder farming systems to organic dairy production will partly depend upon availability of
research based advice on the use of appropriate robust breeds, development of organic feed
production strategy to supply smallholder farmers, availability of pest and disease control input
under local conditions, the ability of the farmers to make structural adjustments on the cow
housing and allocate more land to the dairy enterprise. Capacity building on the basic
requirements for organic dairy production is essential to ensure that interested farmers make the

necessary adjustments to integrate their enterprises.
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CHAPTER 1

GENERAL INTRODUCTION

The development of modern agriculture has mainly focused on increasing productivity rather
than holistic management of natural resources to ensure food security and sovereignty. This has
been accompanied by a myriad of challenges such as loss of soil fertility, decline of agro-
biodiversity, water pollution (Badgley et al., 2007; Singh, 2000) and health problems associated
with the use of synthetic products (Pimentel, 1996) and debate about the development of
sustainable food production systems, adapted to different farming conditions. As a result,
alternative production systems based on holistic views has been developed in different parts of
the world over the last century, and become with time an integrated part of the agricultural
sector. Organic agriculture is a holistic production management system, which promotes and
enhances agro-ecosystem health, including bio-diversity, biological cycles and soil biological
activity (EAOPS, 2007). It seeks to minimise the use of external inputs, reducing the use of
synthetic drugs, fertilizers and pesticides and aims at optimising the health and productivity of
interdependent communities of soil life, plants, animals and people. Organic agriculture
considers ecological, social and ethical impacts of farming. The adoption of the principles of
organic agriculture enhances soil fertility, biodiversity and minimizes land degradation, erosion,
poisoning and other negative effects of chemical activities on the environment (Vaarst, 2010).
Organic agriculture is considered to be the oldest precursor of sustainable agriculture (Lockeretz,
1990) and appears to be a viable and sustainable development option, particularly for (groups of)
smallholder farmers in Africa (FAO, 2007; Lyons and Burch, 2008; EPOPA, 2008; UNEP-

UNCTAD, 2008). It is increasingly recognized as an important alternative, because of its

1



environmentally friendly production systems that offer a wide range of economic, social and

cultural benefits (Taylor, 2006; Halberg et al., 2009; Peden et al., 2007).

There are two levels of organic farming, certified organic production and non-certified. Certified
organic systems are objectively assessed by a certifying body as conforming with set organic
production standards and principles and subject to inspection that conforms to agro-ecological
principles. Non-certified organic agriculture comprises “agricultural systems that use natural
process rather than external inputs to enhance agricultural productivity” (Altieri, 2012). Many
traditional farming systems found in developing countries practice organic techniques without

seeking or receiving premium price given to organic food in some domestic markets.

During the last decades, certified organic agriculture has developed rapidly all over the world.
Global demand for organic products has continued to grow steadily, with global sales of organic
food and drink increasing by more than 39% between 2007 to 2013 (Willer and Kilcher 2009;
Sahota, 2014). Consumer demand for organic products is mainly concentrated in North America
and Europe with the two regions contributing 95.3 percent of global revenues (Sahota, 2014).
The Kenyan market for certified organic products is still small and most of the organic products
are exported to Europe, North America and Japan (Ndugire, 2010). The low domestic market for
organic products could be due to lack of awareness, low-income levels and lack of other
infrastructure for local market certification (Kalibwani, 2004). Despite these challenges, organic
farming has seen rapid growth in large scale farms with production shifting from producing

vegetables and fruits for export to other products such as essential oils, dried herbs and spices. In



2011, there were 12,647 smallholder farmers certified to produce various crops in Kenya (Willer

etal., 2014).

Organic dairy production is a rather new farming system in most parts of Africa; presently there
are no certified organic dairy farms in Kenya. However, there are few non-certified dairy farmers
who supply milk to various organic markets and restaurants in Nairobi (Ndungu, 2013). Most
certified crop producers also keep dairy cattle in their farms and integrate crop and dairy
production to maximize returns from their limited land and capital, minimize production risk,
diversify sources of income, provide food security and increase productivity. However, milk
production in these farms is not certified despite the critical role that livestock plays in these
production systems. Certification of the farms is enterprise specifics and is mainly based on the

assessment of the crop enterprises without regard to other enterprises on the farms.

The roles that dairy cattle play in smallholder farming systems are diverse. However, within the
organic farming systems, livestock are a way to attain the organic principles of ecology, which
states that “organic agriculture should be based on living ecological systems and cycles. Work
with them, emulate them and help sustain them” (IFOAM, 2014). It means that the organic farm
should base its production on ecological processes and recycling. Livestock production should
therefore form an integral part of many organic farms, because of its role in nutrient recycling on
the farm (Hermansen, 2003; Powell et al., 2004). When livestock are integrated into the whole
system, it creates a situation where the livestock contribute to the system and at the same time
the system should contribute to the livestock to ensure that the organic principle of fairness is

obtained.



Organic agriculture faces major challenges with regard to harmonization and successful
integration of organic animal husbandry into the whole organic production system (Hovi et al.,
2003). Smallholder farmers report uncertainty regarding strategies that can support an animal’s
natural needs, health and welfare and also make profit from organic livestock production
(Nalubwama et al., 2014). This necessitates an evaluation of the challenges and opportunities
that exist within the local context making it possible to develop sustainable strategies in which
livestock and crops can be produced within a coordinated framework to enhance milk quantity
and quality. To enable integration of organic milk production in smallholder farming systems,
issues of animal health, animal welfare, environmental preservation and milk quality which are
increasingly being viewed by consumers as important consideration for consuming agricultural
products must be given the requisite attention. The lack of technical information support for
converting producers is worrying, given that organic farming, like other forms of sustainable and
low-input agriculture, is considered to be knowledge intensive. Therefore, a central task for the
future is to develop and validate sustainable strategies that address challenges to harmonization
and integration of organic dairy production into the whole farming system and to transfer the
knowledge generated to the farmers because agricultural development depends to a great extent

on how successfully knowledge is generated and applied.

1.2. Objectives

1.2.1. General Objective

The general objective of this study was to investigate the potential, challenges and prerequisites

for integration of organic dairy production in certified crop smallholder organic farms and to

4



validate the efficacy of different plant extracts as alternative strategies for used for control of

helminths. Furthermore, it was an objective of the study to suggest outcomes which can be used

in the advisory service or/and in further research for better management routines in smallholder

organic dairy production in the tropics.

1.2.2.

Specific Objectives

The specific objectives of the study were:

1.

To identify constraints and opportunities of integrating milk production in certified crop
farms and identify potential for improvements

To identify the management factors affecting animal health and animal welfare in
certified crop farms in Kenya

To evaluate the potentials for conversion of smallholder dairy farms to organic dairy
farms

To evaluate the potential of Tephrosia vogelii, Tephrosia villosa and Carica papaya

leaves and seeds extracts for the control of helminths in organic dairy production

1.3. Research Questions

The following research questions were addressed to achieve the objectives of the study:

What are the challenges that certified crop farmers face in integrating organic dairy
production in their farms?

How does dairy cattle management, health and welfare in certified crop farms compare to
the accepted standards of organic dairy production?

What are the possibilities of certified crop farms fully integrating dairy cattle production

into the organic system?



iv. What is the in vitro anthelmintic activity of aqueous extracts of Tephrosia vogelii Hook.,
Tephrosia vellosa Pers. and Carica papaya Linn. leaves and Carica papaya Linn. seeds

used by farmers for management and control of helminths?.

1.4. Outline of the thesis

This thesis is organized in 7 chapters. Chapter 1 introduces the background and justification for
the study. It highlights the relevance of organic agriculture in Kenya. The objectives and the
research questions are also presented. Chapter 2 presents a literature review on the dairy
production in Kenya, development and status of organic agriculture at the global and national
level and relates the organic principles to animal production. Chapter 3 reports the findings of
the exploratory survey conducted to identify the challenges faced by certified crop farmers in
integrating organic dairy production in their farms. Chapter 4 describes how the dairy cattle
management, health and welfare in smallholder dairy farms compare to the practices of organic
dairy production. Chapter 5 considers the possibility of converting smallholder dairy farms to
organic dairy production. This chapter systematically describes the smallholder dairy production
systems and evaluates the proximity of the system to organic production based on some key
variable indicators essential for conversion. In chapter 6 the efficacy of aqueous extracts of
Tephrosia vogelii Hook., Tephrosia vellosa Pers. and Carica papaya Linn. leaves and Carica
papaya Linn. seeds were evaluated in vitro to validate their use in ethnoveterinary medicine
among some farmers. Chapter 7 provides an integrated analysis of the results from Chapter 3 to
6 into a general discussion. The chapter also provides the conclusions based on the finding of
this study and presents the recommendation for future development of the organic dairy sector in

Kenya.



CHAPTER 2

LITERATURE REVIEW

2.1. Dairy production in Kenya

The livestock sector contributes about 10% of Kenya’s Gross Domestic Product (GDP), 42% to
the agricultural GDP (KIPPRA, 2013).The contribution of livestock is comprised of mainly dairy
and meat production, eggs, hides, skins and wool from cows, sheep, goats and poultry. Milk is
Kenya’s most economically important livestock product, providing about 70% of the total gross
value of livestock’s contribution to the agricultural sector (ICPALD, 2013). Kenya produced
3.73 MT of milk in 2012 (FAOSTAT, 2014) and it is projected that milk consumption in the
country will increase to 4.1 billion litres in 2014 (KDB, 2009). Kenya has one of the highest
levels of per capita milk consumption in sub-Saharan Africa (ILRI, 2007). It is estimated that the
annual per capita milk consumption in Kenya is 145 litres, which is more than five times the

milk consumption in other countries in East Africa (CGIAR, 2008).

In Kenya, the dairy industry is dominated by smallholder milk production. Smallholder dairying
is an important avenue for rural development in developing countries through its contributions to
increase livestock and farm productivity, income generation from milk and dairy product sales,
the provision of jobs and the transfer of money from urban to peri-urban and rural areas. About
600,000 smallholders produce more than 70% of the country’s marketed milk (EPZ, 2005). A
distinct feature of smallholder farms is that they are family farms. They are generally
characterized by integration of crops and dairy production on holdings with usually less than 5

ha, with one to five cattle that play important multiple roles (Tulachan et al., 2000; Devendra,
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2001). Smallholder farmers use exotic and or crosses of exotic with local cattle breeds in the

herd (Bebe et al., 2003).

2.2. Mixed crop-livestock systems

Mixed farming systems, in which crops and livestock are integrated on the same farm, are
widespread in Sub-Saharan Africa. They are more important than any other system in terms of
their contribution to the total output of animal products and contribute to enhancing the
livelihoods of the poor through provision of food, income generation, draught power and
employment (Lenne and Thomas, 2005; Herrero et al., 2010). Increasing human population
combined with climatic, economic, social, and institutional changes are transforming systems for
producing crops and livestock—from systems based on extensive, shifting cultivation and

grazing to ones that are more specialized and capital intensive.

Crop-livestock systems have experienced socio-economic changes and environmental
challenges. These changes have been brought about by the transformation from subsistence to a
more monetary economy due to infrastructure and educational development. Such developments
are often accompanied by an increasing scarcity of land for extensive farming and by continuous
use of farmland without fallow and are exacerbated by population growth (Tittonell et al., 2005).
Mixed crop-livestock farming systems in Kenya are no exception. Smallholders have diversified
their farming activities to include various food crops and local animals, and some have
introduced exotic cash crops and improved animal breeds. Crop-livestock farming systems are of

growing importance, not only because existing systems are expanding, but also because formerly



specialist livestock or crop production systems are diversifying into crops and livestock

(Steinfeld et al., 2006).

2.3. Organic principles in relation to animal production

Organic agriculture is based on four key principles; health, ecology, fairness and care (IFOAM,
2014). The principle of health is briefly explained as follows: “Organic agriculture should
sustain and enhance the health of soil, plant, animal and human as one and indivisible.” This
principle points out that the health of individuals and communities cannot be separated from the
health of ecosystems - healthy soils produce healthy crops that foster the health of animals and
people. Therefore health is considered as the wholeness and integrity of living systems. Health in
organic production is not only considered as the absence of illness, but the maintenance of
physical, mental, social and ecological well-being. Immunity, resilience and regeneration are key
characteristics of health (IFOAM, 2014). Organic standards offer a framework for animal health
management. In organic production, disease prevention should be based on: the choice of
appropriate breeds or strains of animals; the application of animal-husbandry practices
appropriate to each species, encouraging strong resistance to disease and the prevention of
infections; the use of good quality organic feed, regular exercise, and access to pasture or runs in
the open air and an appropriate density of livestock (EAOPS, 2007). In cases of sickness,
phytotherapeutic and other alternative treatments form of treatments may be used where they are
proven to be effective in curing sickness or healing an injury. However, the use of
pharmaceuticals is permitted in organic livestock production in large parts of the world, but only
if preventive and alternative practices are unlikely to be effective in curing sickness or healing an

injury and must be done under the supervision of a veterinarian, if they are the best way to



reduce suffering, save life or restore health. When pharmaceuticals are used, the withholding
periods after treating animals with synthetic veterinary drugs or antibiotics shall not be less than
double the period required by legislation or a minimum of 48 hours, whichever is longer. The
aim of the standards is to prevent animal products that may have been affected by

pharmaceuticals from entering the food chain.

The principle of ecology states that organic agriculture should be based on living ecological
systems and cycles, work with them, emulate them and help sustain them. Organic production
should be based on ecological processes and recycling and must be adapted to local ecology,
culture and scale. Inputs should be reduced by reuse, recycling and efficient management of
materials and energy in order to maintain and improve environmental quality and conserve
resources. The principle of ecology refers to the integration of the animals (individually and as
herds) into the whole agro-ecosystem and, on a larger scale, into the whole food system in ways
allowing all elements to support each other (Vaarst and Alroe, 2012). The organic production
system should be constructed in such a way that crop and livestock production contribute to the

maintenance of the ecological system.

The principle of fairness requires that organic agriculture be build on relationships that ensure
fairness with regard to the common environment and life opportunities. Fairness is characterized
by equity, respect, justice and stewardship of the shared world, both among people and in their
relations to other living beings. The principle insists that animals in organic production systems
should be provided with the conditions and opportunities of life that accord with their

physiology, natural behaviour and well-being (IFOAM, 2014). Fairness towards the individual
10



animals implies a fair treatment in all life situations, from birth to death, including transport and
handling (Vaarst and Alroe, 2012). Farmers must provide conditions that meet the animal needs.
Providing these conditions is completely dependent on humans’ knowledge, insight, empathy,
and ability to relate to the animals and their needs (Vaarst et al., 2004). When livestock are
integrated into the whole system, it creates a situation where the livestock contribute to the
system and at the same time the system should contribute to the livestock to ensure that the

principle of fairness is obtained.

The principle of care stipulate that organic agriculture should be managed in a precautionary
and responsible manner to protect the health and well being of current and future generations and
the environment. Practitioners of organic agriculture can enhance efficiency and increase
productivity, but this should not be at the risk of jeopardizing health and well-being. Organic
livestock production should therefore be done in a way that ensures sustainability of the
production systems. Consequently, organic livestock production should prevent significant risks

by adopting appropriate technologies and rejecting unpredictable ones.

2.4. Global Development of Organic Agriculture

In 1924, Rudolf Steiner challenged the contemporary agricultural practices that led to the
proliferation of chemicals in agriculture (Paull, 2009). In the same year, he delivered a series of
eight lectures that laid the foundation for an alternative form of agriculture with the aim to ‘heal
the earth’. This process led to the development of ‘biodynamic agriculture’ and more generally
to ‘organic farming’ (Paull, 2011). However, the term ‘biodynamic agriculture’ was developed in

1938 by Ehrenfried Pfeiffer in his book “Bio-Dynamic Farming and Gardening” while the term
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‘organic farming’ was developed by Lord Northbourne in 1940 in the book “Look to the Land”
(Northbourne, 1940; Paull, 2006). Biodynamic farming shares a lot in common with organic

methods of farming, including soil building, crop rotations, and composting.

The development of organic agriculture can be categorized into three phases: the formulation of
ideas in the 1930’s and 40’s, the breakthrough of organic thinking in the 1960’s and 70’s, and
finally during the 1980°s and 90’s the institutionalization (Lund, 2002). The individual that
pioneered the first phase which involved the formulation of ideas included Sir Albert Howard,
Lady Eve Balfour and Lord Baron Northbourne. Through study of several agricultural areas, Sir
Albert Howard, concluded that the health of soil, plants, animals and humans were interrelated,
and that livestock manure and composting was a key feature for healthy soil (Vogt, 2007). In
1939, Lady Eve Balfour, conducted an experiment to compare organic and conventional farming.
She published her finding in 1943 in a book titled, The Living Soil and the Haughley
Experiment. The publication by Balfour provided farmers with a comparison between organic
and conventional farming methods and paved the way for adoption of organic production
methods in Europe (Conford, 2002). Lord Northbourne, coined the term “organic farming” to
describe a system of agriculture that focused on the interrelationships between all organisms on
the farm in his book Look to the Land (Northbourne, 1940). The publication and research by
Howard, Balfour and Northbourne provided the basis for the development of organic agriculture

in Europe and the rest of the world.

The second phase of development of organic agriculture was stimulated by the environmental

concern in the 1960’s and 70’s (Vogt, 2007). Concerns regarding the spread of pesticides
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through the food-chain to animals and humans added to the movement by novel
environmentalists who engaged in the development and eventual formation of IFOAM in 1972

(Geier, 2007).

The institutionalization of organic agriculture took place during the 1980°s and 90’s. During this
period organic agriculture received political support and became more integrated in the
agricultural sector. Nordic countries introduced subsidies for organic agriculture in the 1980’s
(Lund, 2002). The first European Union regulation on organic farming was presented in 1991

(EC, 1991). Today, 86 countries all over the world have organic regulation (Willer et al., 2014).

2.5. Development of Organic Agriculture in Kenya

The development of organic agriculture in Kenya was led by the interest of several categories of
organizations to achieve rural development through a low cost approach to help farmers address
declining agricultural productivity, high poverty levels, food insecurity and low incomes (Taylor,
2006). Promotion of organic agriculture was mainly done by non-governmental organizations
(NGOs), faith-based organizations, individuals and community-based organizations (CBOSs)
(Bett and Freyer, 2007). The six key organizations involved in the establishment and
development of the organic agriculture sector in Kenya included: Kenya Institute of Organic
Farming (KIOF), Manor House Agricultural Centre; Sustainable Agriculture Community
Development Programme (SACDEP), Association of Better Land Husbandry (ABLH) and
Baraka Agricultural College and the Sustainable Agriculture Centre for Research and

Development in Africa. All the organizations and institutions were established in the 1980’s.

13



In the 1990’s, farmers participating in the KIOF extension and training program initiated the
Kenya Organic Farmers Association (KOFA) and published organic farming standards for
members based on standards by IFOAM and the European Union (EU) (Taylor, 2006; Kledal et
al., 2009). The aim of KOFA was to develop local and international market for organic products
from their members. Later, the Kenya Organic Exporter Association was formed by large scale

farmers and commercial companies exporting organic products.

In 2005, organic agriculture stakeholders in Kenya, including KOPA and KOFA, formed the
Kenya Organic Agriculture Network (KOAN), an umbrella network to support the growth of the
organic sector (Kledal et al., 2009). KOAN’s main goal is to develop key competencies, skills
and strategies in the areas of organic agriculture production, marketing, training, extension,
certification and standards, networking, policy and advocacy. KOAN has mainly focused on the
promotion and development of certified organic farming to produce agricultural products for
export and the local market. However, in Africa and most of Asia, organic production exists in
two parallel forms, one which is mainly focused on certified organic farming for exports to
Europe and USA and another non-certified mainly focused at improving food self-sufficiency

using agro-ecological methods and often supported by NGO’s (Altieri, 2012).
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2.6. Global Status of Organic Agriculture

Certified organic agriculture is developing rapidly all over the world. Land under organic
agriculture increased from 32.2 million hectares in 2007 (Willer et al., 2009) to 37.5 million
hectares of certified cropland and pasture in 2012 (Willer et al., 2014). Currently, certified
organic farming is practiced in 162 countries by more than 1.9 million producers (Willer et al.,
2014). The land under organic agriculture has increase in all regions between 2007 and 2012 as
shown in Table 2.1, with Oceania having most of the global organic agricultural land. Africa has
the highest number of organic producers (530,000) despite the fact that the land area under

organic production represents less than 3% of the total organic land.
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Table 2.1: Changes in organic agricultural land by region (including in-conversion areas)

between 2007 and 2012

Region Organic agricultural Organic agricultural % Change
land in 2007 (ha) land in 2012 (ha)
Oceania 12,110,758 12,164,316 0.4
Europe 7,758,526 11,171,413 44.0
Latin America 6,402,875 6,836,498 6.8
Asia 2,881,745 3,217,867 11.7
North America 2,197,077 3,012,354 37.1
Africa 870,329 1,145,827 31.7

Source: Adapted from Willer et al., 2009; Willer et al., 2014
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The international sales of organic products have also continued to increase in over the years.
Global sales of certified organic food and drink reached US$64 billion in 2012 (Sahota, 2014). It
is estimated that global organic food and drink market will grow by 14.3 percent over the period

2012-2016 (Researchmoz, 2013).

2.7. Status of Organic Agriculture in Kenya

Organic agriculture in Kenya is still small but fast growing. The area under certified organic
production increased from 4636 hectares to 4969 between 2007 and 2011. Currently, Kenya has
12,647 certified organic producers mainly found in Central Kenya and the Rift Valley regions
(Willer et al., 2014). The produce marketed by these farmers include vegetables fruits, salads,
herbs, spices, pulses, and processed products that includes honey, jams, daily products,

dehydrated vegetables, herbal teas and dried fruits.

The organic market in Kenya is expanding rapidly with more than ten retail outlets in Nairobi
and others scattered in the main towns selling organic products (Hine et al., 2008). There is no
data on the volume of organic products sold in the country. However, a recent study by Kenya
Organic Agriculture Network (KOAN) showed that the level of awareness among consumers of
organic products in Kenya had increased by 11% in the last 7 years (Ndungu, 2013). The Kenyan
domestic organic market is facilitated by seven main commercial actors; Kalimoni Greens
Organic Shop, Bridges Organic Health Restaurant, Green Dreams Limited/Food Network East
Africa, Masai Eco farms, Meadows, Pure Health Products and Kenya Institute of Organic

Farming (KIOF) (Kledal et al., 2009).
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Currently, there are four weekly organic farmers’ markets in Thika town, Hurlingham, Gigiri and
Karen, six specialized food stores stock organic products in designated sections or as part of their
normal products and three main supermarket chains in the country stocking organic products.
Two certified organic restaurants by the organic restaurant chain, “Bridges Organic Health
Restaurant” and one by one by ‘Healthy Foods Creation.” A number of hotels and restaurants,

respectively in Nairobi, Kisumu and Mombasa, provide organic on order (Kledal et al., 2009).

2.8. Organic Legislation and Certification in Kenya

There are no official policies for organic agriculture in Kenya. However, the national organic
agriculture policy development process began in 2010. Key milestones including policy
concerns, policy analysis and options, draft policy formulation and stakeholder dialogue have be
covered during the policy development process (Kamaru, 2013). The National Organic
Agriculture Development Policy is expected to promote the industry and give direction to the
sub-sector, enhance production and development of the local and export markets; strengthen and
raise the profile of the sub-sector and contribute towards poverty eradication and improved food

and nutrition security.

Certification of organic production in Kenya is done by five international certification bodies,
namely: Soil Association (UK), Ceres (USA), EcoCert, (France), IMO (Germany) and Bio
Suisse (Switzerland). However, to minimize the cost of certification by the external certifiers,
most of the certifiers use locally trained inspectors (Taylor, 2006). In 2005, a national
certification body called Encert was established to certify organic products for the national

markets (Kledal et al., 2009).
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The East African Organic Products Standard (EAOPS) and the East African Organic Mark
“Kilimohai” were launched in 2007 (UNEP-UNCTAD and CBTF, 2010).The organic standards
describe the specific requirements that must be verified by an accredited certifying agent before
products can be classified as organic within the region. The EAOPS and the East Africa organic
mark were developed to promote national and regional trade and to build recognition, assurance

and confidence among consumers.
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CHAPTER 3

CHALLENGES OF CONVERSION TO ORGANIC DAIRY PRODUCTION AND
PROSPECTS OF FUTURE DEVELOPMENT IN INTEGRATED SMALLHOLDER

FARMS IN KENYA

3.1. Abstract

Certified organic livestock production does not exist in Kenya, yet livestock forms an integral
part of many organic farms due to their role in nutrient recycling. The purpose of this study was
to identify the challenges of conversion to organic dairy production. Fifty five semi-structured
interviews of smallholder farmers with dairy cattle and organically certified crop enterprises in
Kiambu and Kajiado counties were conducted to explore and discuss the factors that hinder
conversion of their dairy enterprises. The average age of the farmers was 52 years, 65% of them
female. The farms averaged 3.8 acres, 87% privately owned, but skewed to the left with 75% of
the respondent’s farms owning less than 3.8 acres and thus unable to produce sufficient fodder
for their cattle. Cattle were kept mainly (63.5%) to augment income obtained from organic crop
production. Artificial insemination was the only method used for breeding. With more than 5
years of crop-dairy integration, 61% of the farmers had considered managing their livestock
organically. However, lack of organic inputs to control pest and diseases (78%) and lack of
organic feed (64%) were identified as the most important constraints for converting to organic
dairy production. Future prospects for integrated organic dairy production in smallholder
production systems therefore depends on willingness of the farmers to convert, availability of
research based advice on sufficient organic feed, disease and pest control inputs under local
conditions.
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3.2. Introduction

Organic agriculture considers ecological, social and ethical impacts of farming. The adoption of
the principles and practices of organic agriculture potentially enhances soil fertility, biodiversity
and minimizes land degradation, erosion, poisoning and other negative effects of chemical
activities on the environment (Diacono and Montemurro, 2010; Vaarst, 2010; Gabriel et al.,
2013). In the Global South, organic production exists in two parallel forms, one which is mainly
focused on certified organic farming for exports to Europe and USA and another — non-certified
— mainly focused at improving food self-sufficiency using agro-ecological methods and often
supported by NGO’s (Altieri, 2012). In the Global North, organic farming is mainly certified and
driven by a combination of consumer demands and political support to the sector through

agricultural payment schemes (Farnworth and Hutchings, 2009).

Besides a large variety of organic crop products, the main livestock products sold are eggs and
dairy products, with more than 10% of the milk in some European countries being produced
organically (AFMA 2011, Organic Denmark 2012). In Kenya, certified organic dairy production
does not exist and milk production is dominated by integrated smallholder farms. These farms
are mainly concentrated in the Kenya highlands, areas with elevation of > 1000m above sea level
and the agro-ecological potential for cropping and dairying is medium to high; they use exotic
and/ or crosses of exotic with local cattle breeds and produce more than 70% of the country’s

marketed milk (Wambugu et al., 2011; Muriuki, 2011).
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The organic market in Kenya is expanding rapidly with more than ten retail outlets in Nairobi
and others scattered in the main towns selling organic products (UNEP-UNCTAD, 2008).
Emergence of organic restaurants and initiation of more organic markets is likely to increase the
market for certified organic products. Moreover, with the growing middle class and the large
number of international citizens in Nairobi it is not unrealistic to imagine markets for organic

milk developing over the coming years.

According to the East African standards for organic dairy production, animal management
allows the animal to express natural behaviour, feeding is based on 100% organic feedstuff
except in situation where organic feed is not available (maximum 40% of non-organic feed is
allowed), and pest and disease management seeks to avoid the use of synthetic drugs (EAOPS,
2007), thus preventive use of pest treatments is not allowed. Based on these production
guidelines organic dairy production aims at sustaining animals in good health, realizing high
animal welfare standards and producing milk of high quality. To be considered as organic a farm
must be certified and produce following the standards set out in the East African Organic

Product Standards (EAOPS).

The aim of this study was to explore and discuss the challenges, opportunities and prospects of
integrating organic dairy production in Kenyan smallholder farms seen from farmers’
perspectives, and identify major factors for future development of the organic dairy sector in

Kenya.

22



3.3. Materials and methods

3.3.1. Study area

Farmers who participated in the survey were from Kajiado county (Ngong) and Kiambu County
(Dagoretti and Kikuyu). The two areas have the highest number of certified organic crops
producers in Kenya supplying the Nairobi organic markets. Their main produce include
vegetables (both exotic and indigenous; potatoes, green pepper, green peas), ginger, and okra.
The areas are sub-humid and have an annual mean temperature of 10-18° C, a bimodal rainfall
pattern higher than 800 mm annually and are >1000 m above sea level. Ngong is located 21
kilometres to the South West of Nairobi while Kikuyu and Dagoretti are located 18 and 20

kilometres West of Nairobi respectively. The study sites are shown in figure 3.1

3.3.2. Survey Methodology

A cross-sectional survey of 55 smallholder organic farmers with dairy cows and certified crop
enterprises was conducted. Purposive sampling was used to identify certified organic farmers
with dairy cattle. A list of 314 registered farmers in these areas was obtained from Kenya
Organic Agriculture Network (KOAN) and a local non-governmental organization known as
Community Sustainable Agriculture and Healthy Environmental Programme (COSHEP). The
farmers were contacted through phone calls and all the farmers with at least one dairy cow were
subsequently interviewed at a place of their convenience. All the interviews were carried out
either during farmer group meetings or at the farmers’ private homes. Each farmer was
interviewed individually in both cases. The surveys were conducted in February 2012 and each

interview lasted approximately 50 minutes.
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Figure 3.1: Map of Kenya Showing the Study sites

Kajiado County

Source: www.kenyampya.com/userfiles/images/njambi/counties/
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3.3.3. Data Collection

Six enumerators with suitable qualifications (bachelors or higher degree; speaking Kiswahili and
English), and experience in data collection were involved in conducting the survey. The team
received one day’s classroom training to understand the survey questionnaire. Data collection
was done through individual interviews, conducted in Kiswahili or English using semi-structured
questionnaires with open ended and closed questions (Annex 1). The questionnaire was pre-
tested to assess respondents’ comprehension of the concepts and wording of the questions.
Interviews sought information related to organic certification status, farm characteristics,
farmers’ dairy management practices, knowledge on organic dairy production, challenges to
conversion to organic production and the prospects for future development of organic dairy

production. Each interview was recorded and a detailed set of notes taken.

3.3.4. Data analysis

Descriptive statistics including analyzing for associations were generated from the data using

SPSS for Windows version 14.02 (SPSS Inc., ©1989-2005).

3.3. Results

3.3.3. Characteristics of the crop-dairy production system

Majority of the certified organic farms visited during the survey were managed by female
farmers (65%) in both counties covered by the study. The characteristics of the farms and the
farmers are presented in Table 3.1. In Table 3.2, the age distribution and the farmers’ education
level is given, and as can be summarized from this table, 52.76% of the certified organic farmers

in both counties were educated beyond secondary education and were older than 50 years.
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Table 3.1: Overview of the farmers and the farm characteristics in Kiambu and Kajiado

Counties
Characteristics Kiambu (n=27) Kajiado (n=28)
Median age of farmers (years) 53 55.5
Median land size (acres) 0.5 3.63
Median number of cows 1 3
Gender
Male 10 (37%) 10 (35.7%)
Female 17 (63%) 18 (64.3%)
Dairy management system
Tethering 6 (22.2%) 6 (21.4%)
Zero —grazing 21 (77.8%) 22 (78.6%)
Main source of feed
Purchases from other farms 20 (74.1%) 10 (35.7%)
Own production 5 (18.5%) 16 (57.1%)
Collection from various sources 2 (7.4%) 2 (7.2%)
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Table 3.2: Frequency of level of education completed and the age (% all of respondents)

Level of Education Age categories of respondent (Years)
Completed <30 31-40  41-50 >50
Primary 3.63 - 1.81 10.91
Secondary - 12.73 1.81 23.64
College/University 3.63 9.09 3.63 29.12
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The average size of each farm across the two counties was 3.8 acres with most of the farmers in
Kiambu having less than 0.76 acres of land for both crop and livestock production. However, as
illustrated in Figure 3.1, there was a large difference between the two counties in land
distribution. Thus, the potential for on-farm feed production differed between the two counties,

as also illustrated in Table 3.3.

Farmers with less than 0.76 acres of land relied on feed purchases from other farms (64.71%)
while majority of farmers with more than 3 acres of land produced their own livestock feed

(93.33%) as shown in Table 3.3.

Eighty seven percent of the respondents in Kiambu and Kajiado counties kept Holstein-Friesian
the rest kept different types of Friesian X Zebu crosses. Zero-grazing was the main system used
in both areas (78%) while the rest practiced tethering. The size of land did not influence on the
system of feeding the dairy cattle in average over both counties. Artificial insemination was the
only method used for breeding. On 61% of farms family members were the main source of farm
labour (no significant difference between the two study areas), while casual labour and
permanent employment was used on 30% and 9% of the farms in Kiambu and Kaijiado,
respectively. All the farmers financed their farming activities through personal finances. All the
farmers did not keep regular records of animal production, animal health or breeding. Exotic and
indigenous vegetables were the main type of crop grown in both counties, and the farms were
generally diversified with 15 types of crops to supply the local markets. The main crops grown

included: kales, tomatoes, onions, spinach, cabbage and cauliflower.
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Figure 3.2: Average size of Land owned by farmers in Kiambu and Kajiado Counties
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Table 3.3: Average size of land in acres and the source of animal feeds

Purchases from

Land size(acres) Own production Various sources
other farmers

<0.76 23.53 64.71 11.76

0.76-3.0 13.04 78.26 8.70

>3.0 93.33 6.67 -
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3.3.4. Reasons for keeping dairy cattle

Seventy six percent of the farmers had dairy cows within the farms where they grew their crops
while the rest had their crops in different locations. Sixty one percent of the farmers had
practiced crop-dairy production for more than 5 years, meaning that they had cows before they
converted to organic crop production. The main reasons for integrating crops and dairy
production in both counties were to get more income, to get manure for their crop enterprises and

for home consumption of milk products (Table 3.4).

3.3.5. Challenges of organic dairy production

Given a selection of pre-formulated challenges, the farmers in both counties reported that the
most important barrier to conversion to organic dairy production at the moment was lack of
organic inputs to control external and internal parasites especially ticks and helminths, and
secondly, lack of input to use for treatment of diseases like mastitis and East Coast Fever.
Smallholder dairy farmers expressed that they were not sure of the efficiency of some of the
cultural or biological methods used to control pest and diseases. The second most abundant
choice from the list of challenges to organic milk production was lack of organic feeds for
livestock. One in three farmers also indicated that there was no market for organic livestock
products in both counties. Most of the milk produced by the farmers was sold locally, and the
possibility of earning higher prices from organic milk production was low. Other challenges

chosen by the farmers are presented in Table 3.5.
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Table 3.4: Main reasons for keeping dairy cattle in Kiambu and Kajiado Counties (n=43)

Main reason Kiambu (%) Kajiado (%)
Get more income 48.15 67.86
Use manure in their organic farms 29.63 50.00
Home consumption 33.33 42.86
Diversify production and spread risk - 3.57
Availability of feed for livestock - 3.57

* The options for responses were pre-formulated, and the farmers could choose as many options as they
wanted.

32



Table 3.5: Farmer perceived challenges for converting the dairy herd and milk production to

organic production in accordance with the East African organic standards (n=55).

Perceived Challenges for converting to organic dairy Kiambu (%) Kajiado (%0)

production (n=27) (n=28)
Lack of organic input to control pest and diseases 85 71
Lack of organic feeds 56 71
Lack of capital/ land 44 61
Lack of market for organic livestock products 37 36
Lack of training on organic dairy production 19 32
Low production from organic production 22 25
Lack of labour - 14
Climatic conditions e.g. drought - 14
Lack of support from government 4 7

* The options for responses were pre-formulated, and the farmers could choose as many options as they wanted.
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3.4. Discussion

3.4.3. Age of the farmers

A significant proportion of the smallholder farmers surveyed (62%) were over 50 years old.
Mburu et al, (2007) studied smallholder dairy cattle enterprises in different agro-ecological zones
in the Kenya highlands and found that the average age of the farmers was 53. The fact that so
few young farmers are on the farm could partly be explained by the fact that household heads
often will be the oldest generation of the family. Nevertheless, it can also point to a potential risk
for the sector in the future, and indicate a need for incorporation of the youth in development
programs and education that stimulates organic agricultural development, and makes farming

attractive both as agricultural and rural development as well as a business opportunity.

3.4.4. Small land size a challenge for crop livestock integration and animal welfare

The characteristics of certified organic farms with dairy cattle is not distinctly different from
other mixed smallholder farms in the region in terms of land size, animal numbers and breeds
kept (Wambugu et al., 2011; Muriuki, 2011). Integration of crops and dairy production is the
common practice in this system due to the critical role played by livestock in provision of
manure used to maintain soil fertility and extra farm income. It is only relevant to talk about
crop-livestock integration when the crops and livestock complement each other on the farm, so
that crop residues and by-products are used as feeds for cattle, and manure from livestock are
used to improve soil fertility to support crop production (De Haan et al., 1997), and the different
livestock species fit into the farm and help create a whole farming system in terms of closed
nutrient cycles. The farm land sizes were small, partly due to high population density, inter-
generational inheritance of land (subdivision and fragmentation), and the rapid growth of the city

of Nairobi into these areas (Mabiso et al., 2012). Besides, small land sizes create a challenge to
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animal welfare needs, in terms of allowing the cow(s) to graze and express natural behaviour. It
points to the necessity of intensifying both crop and dairy production in these areas, and to find
ways to reduce land fragmentation and to ensure that smallholder farmers can efficiently use land
to support organic dairy production. The challenge posed by small land size is that farmers are

not able to have sufficient animal feed production on-farm and at the same time

3.4.5. Organic feed and animal nutrition, a question of prioritization?

Lack of organic feeds was an important barrier to conversion to organic dairy production as well
as to fully integrate the crop and livestock production on farms, since most of the farmer did not
grow their own pasture or feeds for dairy cattle and had to depend on purchases from other
farms. According to the East African Organic Product Standard, at least 60% of feed for dairy
cattle must be organic (EAOPS, 2007). In addition, there was no means to ascertain if the
purchased feed was organic or not. The lack of feed resources was mentioned as one of the main
challenges and a reason for keeping the herds small. A well-balanced farming system is
characterized by the ability to sustain itself in a closed nutrient cycle, and hence, both fodder
production and production of any other crop is limited to the size of land available. However, in
Kajiado more than 54% of organic farmers had more than 5 acres, which would potentially allow
production of significant amounts of fodder for the cows. Thus, this might be an economical
question; which pays better for the famers, cash crops or organic milk? Increasing human
population and urbanization in the study areas is expected to increase the pressure on arable land,
but maybe also increase the demand for good quality milk for human consumption. Smallholder
farmers must develop strategies to ensure consistent supply of sufficient feed for their dairy

cattle.
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3.4.6. Pest and disease management

Results suggested that lack of organic input to control pest (ticks and helminths) and diseases
(Mastitis and East Coast Fever) was one of the important barriers to conversion. Organic farming
relies on ecological based practices such as biological management, and prohibits use of
synthetic chemicals without veterinary supervision. Comparative studies in Europe show that
gastrointestinal worms and lungworms diseases are more abundant in organic farms (Hoglund et
al., 2001; Vaarst and Thamsborg, 1994) while recent studies in Brazil revealed no significant
difference on the population of gastrointestinal helminths in dairy cows kept in organic and
conventional production system (da Silva et al., 2012). The main challenges to health in both
conventional and organic farm in Europe are lameness, mastitis and infertility (Lotthammer and
Wittkowski 1994).The health of dairy cows in organic farms is same or better than those in
conventional farms (Sundrum, 2001; Lund and Algers, 2003). Unlike in Europe where most of
the disease challenges are production diseases, the major constraints to livestock production in
East Africa are vectors and vector-borne diseases exemplified by ticks and East Coast fever
(Nalubwama et al., 2011). Control of these diseases is often heavily dependent on the use of
acaricides (Vaarst et al., 2006). This point to the need for more scientific research on organic
practices to prevent and manage livestock pests and diseases. It could be development of
technologies which can be commercialized or used by farmers from their own production e.g. of
plants and herbs. Knowledge and information also needs to be more commonly available, and in
many cases generated to fit specific contexts. Organic dairy production will probably be difficult

to achieve without access to natural remedies for pests and diseases.
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3.4.7. Record keeping

The observation that majority of the smallholder dairy farmers do not keep production,
reproduction and health records is in agreement with other studies (Chagunda, 2006; Tebug et
al., 2012). This makes it difficult to get information related to the performance of the farms. It is
an area where farmers need to improve to be able to benefit from the business opportunities of
organic milk production. Since record keeping is essential for daily farm management and for
financial management of the dairy enterprise; verification of organic status of animals,
production, harvesting, and handling practices associated with the organic products and animals
and is a requirement by the organic standards to demonstrate compliance with the organic
standards (EAOPS, 2007). All farms must provide documented evidence of the farming practices
employed on farm prior to certification. Therefore converting farmers must develop provide

documentary evidence to get certification and also retain certification after it has been granted.

3.4.8. Extension services

One in four of the interviewed farmers reported that lack of knowledge on organic dairy
production practices was a major challenge. Intensive knowledge required to support growth and
development of organic production systems is not available in the public extension service. Van
den Band (1998) recognized agricultural extension services as one of the factors that accelerate
development. The National Agricultural Extension Policy (NAEP) advocates for a demand
driven extension service and participation of the other players in the delivery system (Republic
of Kenya, 2004) but has little to offer in form of information on organic production. Developing
tailor-made organic training on organic livestock production for extension officers will provide

the much needed knowledge and skills required for transfer to the farmers.
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3.4.9. Financing organic production

Conversion to certified organic dairy production requires financing to implement the basic
requirement for certification. The high risks associated with agriculture makes potential creditors
cautious about lending to the sector (Nyikal, 2007a). As a result, farmers have to depend on their
own savings to invest in organic production which may limit opportunities for expansion. Lack
of financing for organic production is likely to affect the rate at which farmers are able to convert
their enterprise. Financing of smallholder organic dairy farming should be a major concern if the
sector is expected to thrive. It is expected that organic dairy farming among smallholder farms
will face similar challenges experienced by other smallholder dairy farmers. this being the case
then there may be need to develop alternative sources of funding other than the competitive
market since smallholder production does not exhibit effective demand for credit (Nyikal,

2007D).

3.4.10. Markets for organic dairy products

In Europe, organic dairy production is described as targeting a specific premium market that
demands high quality standards during the whole production process (Sundrum, 2001). Lack of
organic markets and market access remains one of the fundamental factors holding back the
development of the organic sector in the region (Valerian et al., 2011). In Kenya, there is no
specific market for organic milk even though potential may exist among the middle class and
international community in Nairobi. However, growing consumer concerns about human health,
food safety, animal welfare and environmental impact of intensive farming practices has led to
increased interest in organic products. The Kenyan market for organic products is still small but
the demands for organic products are expected to grow. The increase in numbers of supermarkets

and restaurant offering organic foods is an indicator of the positive growth in this sector. Other
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reasons that have been attributed to the slow growth of organic sector in Kenya include lack of
awareness, low-income levels, lack of local organic standards and other infrastructure for local
market certification (Kalibwani, 2004). With the publication of local organic standards and the
development of local infrastructure for certification, challenges regarding product authenticity
are being addressed. To increase demand and growth of organic production for livestock
products more effort needs to be focused towards creating awareness about the product and how
it is produced, and the availability of the products among the consumers especially those in urban
centres. A number of strategies have been adopted by Kenya Organic Agriculture Network
(KOAN) to develop organic market in Kenya and beyond. These strategies include a promotion
of organic products in order to interest more consumers and build a consumer base and provision
of technical service support through the Organic Market Assistance Programme (OMAP). The
programme provides technical expertise in organic market and product development, advice
farmers and assists producers in preparing for organic certification. Creating sustainable market
opportunities to smallholder farmers will provide an incentive for continued production. As a
way of expanding market opportunities for organic producers in Kenya, there is vital need to
understand the complexity of the inter-related reasons why there has been little growth in the

organic market activity in the region, and why organic farmers are not accessing these markets.

3.4.11. Policy framework

The development of the national organic agriculture development policy began in 2010. The
policy is motivated by the fact that organic farming has the potential to feed more people, which
has been demonstrated especially in tropical countries (Badgley et al., 2006; Hine et al., 2008;
Halberg et al., 2006), and that the production method and practices leave the environment

strengthened rather than depleted for the future generations. The objectives of the national
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organic agriculture development policy are to promote the industry and give direction to the sub-
sector; enhance production and development of the local and export market leading to increased
income earned by the organic stakeholders and improved standards of living; strengthen and
raise the profile of the sub-sector hence more support from both the public and private sectors
and contribute towards poverty eradication and improved food and nutrition security. A strategic
plan is needed to ensure that the necessary political, technical and financial resources required to
develop the subsector become available and to make clear the priority areas requiring support

from development partners.

3.5. Conclusions and Future Perspectives

Conversion of smallholder dairy farms to certified organic production is mainly constrained by
small land sizes, lack of organic feeds and lack of organic inputs for control of pest and diseases.
There is need to develop strategies that will ensure smallholder farmers are able to get sufficient
feed for the cows, manage ecto-parasites and endo-parasites which are endemic challenges to
milk production is such systems. One of the key drivers to conversion could be developing
consumer demand which guarantees a premium price for organic milk and milk products. Future
prospects for integrated organic dairy production in smallholder production systems therefore
depends on the willingness of the farmers to convert, availability of research based advice on
sufficient organic feed, disease and pest control inputs that are effective under the local

conditions.
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CHAPTER 4

DAIRY CATTLE MANAGEMENT, HEALTH AND WELFARE IN SMALLHOLDER
FARMS: AN ORGANIC FARMING PERSPECTIVE

4.1. Abstract

Organic production principles aim at achieving good animal health and welfare status of
livestock. Good animal health and welfare is not only beneficial to the animals but also has the
potential of increasing farm income. The objective of this study was to investigate the aspect of
benchmarking animal management, health and welfare in smallholder dairy farms to be able to
give recommendations which can guide organic livestock production as stipulated by
International Federation of Organic Agriculture Movement and the East Africa Organic Product
Standard, particularly on animal production, health and welfare issues. A longitudinal study of
24 farms was conducted to document and discuss management practices and their potential effect
on animal health and welfare. Observation and documentation of animal housing design,
cleanliness, feeding management and types of feed available to the cow, milking management,
disease and pest management was done in Kajiado and Kiambu Counties of Kenya. Farmers
were requested to record the incidence of veterinary treatments during the period of the study.
An analysis was performed for indicators of health and welfare with husbandry type, aspects of
the housing system, farm characteristics, and management routines. The average herd size was
3.15 in Kiambu and 3.91 in Kajiado, with all the cows’ zero-grazed.75% of the cubicles were
small (less than 2.50M?). Most of the farmers sprayed their animals weekly (47%) to control
ticks, while all incidences of diseases were treated by a veterinarian. Most of the cattle housing
flooring were made of concrete (87%) with only 1 farmer regularly using bedding for the cows.

Cows were mainly fed fresh Napier grass (60%) in Kiambu while natural grasses (43%) was the
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main feed used by farmers in Kajiado. This study indicated that four major challenges exist for
organic dairy cattle, which have to be addressed in relation to future research and development:
1) the use of robust breeds and the breeding strategies, 2) grazing and access to outdoor areas, 3)
feeding in terms of stability and self sufficiency of enough nutritious feed, and 4) handling of
diseases and pests using poisons, chemical medicines, and hence development of viable
alternative disease handling strategies.

Key words:

4.2. Introduction

Organic agriculture is a holistic approach to agriculture and food systems, which promotes and
enhances agro-ecosystem health, including bio-diversity, biological cycles and soil biological
activity (FAO, 1999). The growth of organic agriculture is attributed to increasing consumer
demand for products perceived as tastier, healthier and produced in an environmentally
sustainable system (Pimentel et al., 2005; Hughner et al., 2007; Reed, 2010). The concept of
organic livestock production can therefore be considered as a system of livestock production that
better fulfils animal needs (Lund, 2006; Verhoog et al., 2007), promotes use of organic and
biodegradable inputs for production (Chander et al., 2011) and reduces the use of routine,
conventional veterinary treatments (EAOPS, 2007).In addition, it incorporates humans and

animals as part of a larger ecological system (Baars et al., 2004; Verhoog et al., 2004).

Organic livestock farming aims at improving animal health and welfare. In this system, animal
health is not only viewed as the absence of disease but also as resilience in terms of the animal’s
ability to absorb shocks and pressure from the surroundings and react so that they do not fall ill.

As such, health is a positive characteristic achieved through the application of animal health
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promotion strategies and practices, rather than the routine use of conventional veterinary
medicines (Vaarst and Alroe, 2012). The use of veterinary drugs, antibiotics or chemicals is
permitted if preventive practices are ineffective and treatment to cure sickness or heal an injury
IS necessary. Treatment must be done under the supervision of a veterinarian (EAOPS, 2007).
Animal welfare in organic livestock production is multifaceted and many aspects of an animal’s
life contribute to its welfare. These include good health and productivity, ability to express
natural behaviour, absence of pain or stress, positive emotions, ethical considerations and

numerous others (Duncan, 1996; Fraser and Broom, 1997; Lund, 2006; Haynes, 2008).

Animal health and welfare is influenced by the ways in which livestock production systems are
constructed (Vaarst and Alroe, 2012). Kenyan milk production systems are dominated by
smallholder farmers. The average milk production in smallholder dairy farms is generally low
(Owen et al., 2005; Musalia et al., 2007; Lukuyu et al., 2011), and higher production is limited
by feed scarcity, infectious diseases and parasites, poor animal husbandry practices and limited
access to extension and veterinary services (Ayantunde et al., 2005; Njarui et al., 2011; Onono et
al., 2013). Despite these challenges smallholder livestock production on mixed crop—livestock
farms is expected to remain dominant in Sub-Saharan Africa for the foreseeable future. Rising
incomes, urbanization and preferences by the growing middle classes for a diet that includes
livestock products is expected to guarantee income for livestock producers (Delgado et al., 1999;
Jayne et al., 2003). As a result intensification of dairy production by keeping exotic breeds and
zero-grazing is widely promoted to meet the increasing demands for dairy products and sustain

livelihoods from limiting production resources like land, capital and labour (Bebe et al., 2008).
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Intensification is expected to influence the way these systems operate and affect the health and

welfare of livestock in these systems.

Taking into consideration the situation of smallholder dairy farming system in the two counties
in Kenya coupled by literature review on the condition of these systems from other studies, the
objective of the study was to explore and analyze the animal management, health and welfare in
smallholder farming systems and discusses these issues in relation to the recommendations made
by International Federation of Organic Agriculture Movement (IFOAM) and East Africa Organic
Product Standard (EAOPS). In addressing these objectives this study aimed at enriching the
debate around organic dairy production and smallholder crop-dairy systems to assist in
identification of viable options in space and time to which efforts on organic dairy development

could be focused.

4.3. Materials and methods

4.3.1. Study area and selection of farms

A detailed description of the study area is presented in the previous chapter, section 3.3.1.
Twenty four farms were selected at random from a list 55 farmers who participated in the cross
section study. A total of 13 farms in Kiambu County and 11 farms in Kajiado County were
selected. The small sample size was based on the need to understand the production system in
detail, available resources and logistical considerations. Given the low number of certified crop
organic farmers with dairy cattle in both areas 24 farms were considered to be a representative
from the population. The longitudinal study evaluated the management practices, animal health

and welfare in the farms.
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4.3.2. Data collection

Data was collected using 2 farm monitoring sheets (Annex 2 and Annex 3). The farm monitoring
sheets were used to document both the baseline information at the beginning of the longitudinal
study and the repeated observations that were made over the period of the longitudinal survey.
The baseline information collected at the beginning of the study included; animal housing,
cubicle sizes, land size and land allocation to various enterprises. To assess the animal housing
design the following parameters were used; presence and adequacy of roofing, presence, type
and state of walls, floor type, presence of resting yards, nature and adequacy of feeding and
watering areas. All these were assessed by visual observation and taking measurements.
Information related to milk production, feeding, occurrence of animal diseases, treatment,
breeding, milking practices, animal housing as well as other farm characteristics were observed
and documented during the repeated farm visits. Information on milk production and concentrate
feeding disease occurrences and treatments were recorded using a monthly data card that was
given to the farmers each month (Annex 4). Each farm was visited at least four times, with the
first visit in the August of 2012 and last visit in April, 2013 to cover the two main seasons
experienced in these areas. Feeding management including type and amount of feed as well as
frequency of feeding, type and frequency of mineral supplementation and frequency of watering

were obtained by asking the farmer or the worker responsible for feeding the animals.

Milking management, disease management and parasite management were also obtained by
observations of how the processes were conducted. These included information on: milking
procedure, disease control and prevention measures such as use of acaricides and vaccinations,

and routine practices such as de-worming. The hygiene status of the floor was assessed by
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evaluation the frequency of slurry removal and by direct observation by the investigator during

farm visits.

4.4. Results

4.4.1. Land holding and land use pattern

There was a significant difference in the average total landholding by smallholder farmers in the
two counties. In Kajiado County the average landholding was 8.23 acres while in Kiambu
County the average land holding was 0.74 acres. The average land sizes for pasture, cropping,
home/compound and animal house are shown in Table 4.1. The animal houses were set up in the
backyard near the farmer’s houses and all the dairy cows were raised within the zero-grazing

units.

Fifteen percent of the dairy farmers in Kiambu County had an average of 0.3 acres allocated for
pasture within their farms, while in Kajiado County, all the farmers had an average of 2.20 acres
allocated to growing pastures. 30% farmers in Kiambu County grew pasture along the hedges of
their farms but this did not constitute significant land allocation. Seventy three percent of the
farmers in Kajiado had an average of 2.78 acres of their land not cultivated or allocated to a
specific enterprise. The cows were not grazed in any of the farms and feed was cut and carried to

the cattle.
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Table 4.1: Land holding and use on smallholder farms in Kiambu and Kajiado Counties

Kiambu (N=13) Kajiado (N=11)

Type of land use Mean (N) SD Mean (N) SD
Land for home/compound 0.19 0.05 0.49 0.29
Land for animal house 0.14 0.07 0.18 0.06
Land for cropping 0.36 0.17 3.25 2.47
Land for cut and carry

grass 0.3* 0.20 2.20 1.61
Land not cultivated - - 2.78** 2.88
Total land holding 0.74 0.28 8.23 6.70

*, ** only two and eight respondents in Kiambu and Kajiado respectively
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4.4.2. Housing design and hygiene

Table 4.2 shows the details of the structures used to house the cows. In both counties 87% of the
animal house flooring was made of concrete. More than 72% of the cubicles in both counties
were small compared to the recommended size of 1.2m by 2.1m in the extension manual for
animal housing (MoLD, 2007). One of the 24 farmers used saw dust/ wood shavings as bedding
in the cubicles. Thirteen percent of the farms did not have specific cubicles for milking their
cows and used one of the cubicles used as a resting area for milking. All the farms did not have a

calving area or a sick pen.

In most cases the animals were soiled with slurry on various areas of their bodies. In all the cows
examined, the limbs, the flanks and the udder were soiled. The main cause of soiling on the
animal was accumulation of slurry in the cow house. Removal of slurry and cleaning of the cow
housing floors was done at least once per day in 77% and 64% of the farms in Kiambu County
and Kajiado County respectively. In the other farms, it was done only occasionally, either once

every two days or once per week.
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Table 4.2: Details of the cow housing system on the farms in Kiambu and Kajiado Counties

Kiambu (N=13)

Kajiado(N=11)

Parameter detail Number Percentage Number Percentage
i. Cow shed flooring
o Concrete 12 92.3 9 81.8
o Soil 1 7.7 2 18.2
ii. Milking area
o Available 11 84.6 10 90.9
o Not available 2 154 1 9.1
iii. Bedding in the cubicles
o Saw dust/wood shaving 0 0 1 9.1
o No bedding 13 100 10 90.9
iv.Cubicle size
o Small size 10 76.9 8 72.7
o Adequate/ large sized 3 23.1 3 27.3
cubicles
v. Ratio of number of cow to the number of cubicles in the animal house
o 1:1-1:1.9 (cows/cubicles) 4 30.8 5 45.5
o 1:2-1:2.9 (cows/cubicles) 4 30.8 2 18.2
o >1:3 (cows/cubicles) 5 38.5 4 36.3
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4.4.3. Grazing and outdoor access

All the adult dairy cows were housed in the zero grazing units during the study. Only calves in 5

of the farms grazed within the compound during the day but were housed overnight.

4.4.4. Herd structure

There was no significant difference in the average herd size in both Counties (Table 2). The
majority of the studied households owned between 1 and 3 cattle. Milking cows constituted the
highest number in the herd structure in Kiambu County while in Kajiado County milking cows
and calves were equal in number (Table 4.3). The only breed of dairy cattle kept by the farmers

was Holstein-Friesian and no farmer kept a bull in the herd.
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Table 4.3: Herd structure of visited farms at the beginning of the study

Kiambu (N=13) Kajiado (N=11)
Types of cattle/ Herd Average % in herd Average % in  herd
size Number £ SD  structure Number + SD  structure
Milking cows 1.35+0.65 43.9 1.55+0.82 39.5
Dry cows/ Heifers 0.69 £ 0.63 22.4 0.91+£0.83 21.0
Calves 1.00 + 0.58 33.7 155+ 1.04 39.5
Average Herd size 3.15+0.80) - 3.91+2.07 -

o1



4.4.5. Calf management

Ninety two percent of the farms had calves at one time during the period of the study. Calves
were housed separately away from adult animals on all the farms. All farmers fed their calves
twice daily; this was done soon after milking. The amount of milk fed to the calf varied from
farm to farm and with the age of the calves. Other than milk, calves were mainly fed natural
grass or Napier grass or dry crop residues. Protein supplementation for calves was only done
regularly on 8% of the farms. Both farms were located in Kajiado. The age of weaning from milk
ranged between farms with 38% of the farms weaning the calves at between 11 and 12 weeks
while 25% of the farms weaned their calves at between 9 and 10 weeks. Of the farms that
weaned their calves earlier, 8% continued to feed calves with pellets till the calves were more
than 12 weeks old. Eighty three percent of the farms had a calf pen for keeping the calves. 58%
of the calf pens were raised floors made of wood with slated floors, while the others had floors
on the ground. Bedding for the calf pens were provide in 17% of the farms. The sizes of the pen
in all the farms were similar with an approximate size between 1.8M? and 3M?. All the calves in

the farms were dehorned before three months. Anesthesia was used in all cases during dehorning.

4.4.6. Milk production and milking practices

Milking was done in parlours in 71% of the farms. Concentrates were used by 75% of the
farmers in both regions and were only fed during milking. The estimation of commercial
concentrates (dairy meal) for feeding milking cows ranged between 2 to 4 kg per day. All of the
cows were milked twice per day, in the morning at 0600 - 0800hrs and in the evening at 1700hrs
to 1900hrs. Hand milking was the only method used for milking on all the farms. Only 13% of
the farmers washed their hands with a detergent before milking while 6 farmers did not wash

their hands before milking in both regions (Table 4.4). Udder and teat washing with water was
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done before milking by all the farmers in both counties. 50% of the farms observed foremilking
was not conducted. 71% of the farmers in both counties used milking jelly to soften the teat
before milking. Milk was stored and transported in aluminium cans on 75% of the farms, while
other farmers mainly use plastic jars during milking. 33% of the farms used detergent for dipping
the teats of the cows after milking. Hand washing and order of fore milking were not consistent

on most of the farms.

4.4.7. Breeds and breeding management

All cows in the study were exotic breeds. Artificial insemination was the only method of
breeding used by all the farmers. The farmers observed the animals and called the inseminator
when a cow was in heat. Artificial insemination services were mainly offered by private
individuals who provided advice to farmers on the best bulls. The main criterion for sire

selection for most of the farmers was improving milk production.
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Table 4.4: Milking Procedure in Kiambu and Kajiado Counties

Parameter detail

Kiambu (N=13)

Kajiado (N=11)

Number Percentage Number Percentage

i. Hand washing

o

Wash hand before milking with
soap/disinfectant

Washing hands with water only
No hand washing

Inconsistent practice in milking

procedure

ii. Order of fore milking

o

o

(@]

Foremilking before cleaning
Cleaning before foremilking

No foremilking

Inconsistent practice in order of

milking

(o2 TN O N e

7.7

46.2
38.4
7.7

7.7
7.7
385
46.1

w w o1 o

18.2

45.5
9.1
27.2

45.4
27.3
27.3
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4.4.8. Disease and pest management

All the farmers in both study sites used acaricides preventively on their farms. Majority of the
farmers used acaricides once every week, 38% and 55% in Kiambu and in Kajiado counties
respectively. Table 4.5 shows the detailed frequency of acaricide use in both counties. Hand
spraying was the only method of application used in both regions. 62% of the farm in Kiambu
County and 36% in Kajiado County did not practice routine de-worming for calves or other
cattle during the period of the study (Table 4.5). During the 8 months of the study, one case of
East Coast Fever was reported in Kajiado. Four cases of mastitis were reported in both areas of
which three of the cases of mastitis were in Kiambu County. In all cases the treatments were

conducted by a Veterinary Officer from the respective location at the expense of the farmers.
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Table 4.5: Helminths and tick control practices in the farms

Parameter detail

Kiambu (N=13)

Kajiado (N=11)

Number Percentage

Number Percentage

i. Frequency of application/use of
acaricides
o Weekly
o Once every 2 weeks
o Once a month
ii. Frequency of de-worming
o Once every 3 months
o Once every 5-6 months

o None

38.46
30.77
30.77

7.69
30.77
61.54

6 54.55
3 18.18
2 27.27
1 9.09

6 54.55
4 36.36
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4.4.9. Feeding management

Zero-grazing was the method of cattle rearing practiced by all the farmers. There was a
difference in the type of feed given to the animal in the two counties. In Kajiado the farmers
mainly fed assorted species of green grasses followed by Napier grass during the wet season.
During the dry seasons between December and February hay was the most common feed for the
dairy cattle. Hay which was mainly used in Kajiado during the dry season was purchased from
the agro-veterinary shops around the area. In Kiambu, the most common feed during the wet and
dry season was Napier grass. In Kiambu, there were a number of farmers who grew Napier grass
for sale to dairy cattle farmers. However, the second most important feed resource during the wet
and dry seasons in Kiambu and Kajiado Counties were different species of grasses collected
from various sources and hay respectively. In Kiambu, maize stover also contributed a
significant amount of the feed at the beginning of the dry season. The maize stovers used for

feeding the cows were mainly purchased from other farmers.

Animal feed was mainly sourced on the farm from Kajiado, while in Kiambu the farmers
employed a farm worker who collected feed from various sources including road side and
hedges. Mineral salt block was available in 5 out of all the 24 farms visited. Water was fed to

the cows’ ad libitum. There was supply of clean tap water in both regions.

4.5. Discussion

4.5.1. Land holding and use

The results show similar landholding patterns and use in smallholder dairy farming system in
other tropical countries. Most smallholder farmers own less than 5 ha and allocate most of the

lands to crop production than pasture production (Lanyasunya et al., 2006; Njarui and Mureithi
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2006; Waithaka et al., 2006; Musalia et al., 2007; Lukuyu et al., 2011). Decreasing land sizes in
densely populated highlands where most of these farming systems are located makes zero-
grazing an important strategy through which smallholders intensify their production. Small land
sizes make it difficult for the farmers to produce sufficient feed for the dairy cattle. As a result,
the farmers must rely on feed from other external sources which may vary in quality and quantity
depending on the seasons and may not be necessarily organic. The challenge of land also makes
it difficult for smallholder farmers to design production systems that can meet the basic
requirements of animal health and welfare. Changes to incorporate the animal health and welfare
needs of the animals based on the organic standards and principles must involve trade-off
between dairy production with other critical enterprises like crop production. To establish the
merits or demerits of substituting one enterprise for another a critical analysis on the profitability
and practicality of the competing enterprises needs to be done. Meeting the animal health and
welfare under smallholder systems will require a review of how these production systems are

constructed.

4.5.2. Farm structures and hygiene

Dairy cattle in this study were housed all the time. The design of housing in this study was such
that most of the floors were made of concrete and lacked beddings, the cubicle sizes were small
and the cow to cubicle ratio was low in many farms. Thus the housing structures in most of the
farms were not properly suited for the cows. The farm structures not only risked to the welfare of
the cows but also the health of the cows. The length and width of cubicle impend comfortable
lying and movement of cows yet cows show a strong motivation to lie down (Cooper et al.,

2007). Without comfortable and easily accessible lying area, cows will have difficulty in lying,
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entering and rising (Nguhiu-Mwangi et al., 2008). As a result, cows may spend more time

standing or lying. This increases risk for injuries thus affecting cow health and welfare.

Lack of bedding on concrete floors as observed in the study increases the risk of a cow slipping
or falling. Cows in such conditions have to alter their gait to lower friction while walking
(Phillips and Morris, 2000). This can lead to injury and a disinclination to walk, making the cows
less likely to visit the feeding are despite motivation to do so, possibly reducing feed intake and
production. Concrete floors have been associated with an increased occurrence of hoof lesions

due to claw horn disruption compared to straw yards (Frankena et al., 1992, Somers et al., 2003).

The organic standard does not give specification on the minimum space requirements for dairy
cattle or the stocking density. However, farmers are required to provide animals with beddings
where it is appropriate, clean the holding areas regularly, provide living conditions that prevents
abnormal behaviour, injury and disease according to natural behaviour of the animals. To be able
to fulfil this requirement structural adjustment of the farms will be required. These changes
involve re-designing of the cow housing, changes in the flooring systems and changes in the
management of the cow environment. These adjustments may be capital intensive and the
question many farmers would ask is whether the additional expenses to cater for the health and
welfare needs of the cows are justified. One of the major challenges in making these additional
investments is lack of information on benefits of these investments on the animal’s health and

welfare and economic gains to the farmers.
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4.5.2. Grazing and outdoor access

In this study, all cows were zero-grazed. This creates a major conflict in relation to the organic
principles and recommended practices. The goals of organic principles are that dairy animals
should be managed in a way that allows the expression of natural behaviour and according to
their natural behavioural needs. This includes letting the animal to have sufficient space for free
movement according to their natural behaviour (EAOPS, 2007), and to graze because this is a
natural way of feeding for ruminants. Access to outdoor areas and freedom of choice that allows
an animal to express individual preferences is also considered to constitute the concepts of
naturalness (Lund 2006; Waiblinger et al., 2004; Verhoog et al., 2007). The EAOPS permit,
bringing fodder to the animal if it is a more sustainable way to use land resources than grazing.

However, under such conditions regular outdoor runs must be provided for.

Providing for the health and welfare needs of the dairy cows in smallholder production systems
require that some farmer purchase more land while other will need to re-allocate the more land to
dairy production. These changes may require additional capital to invest in purchasing more
pieces of land and additional labour to ensure that grazing areas or areas for outdoor runs are

managed effectively to enhance the health and welfare needs of the cows.

However, there are no clear guidelines that can to be used to evaluate compliance on a number of
issues that directly affect animal health and welfare based in the East African Organic Product
Standards. For example the EAOPS do not give detailed guidelines on what “sufficient space for
free movement” is or what “regular outdoor run” means to ensure that animal health and welfare

is not compromised. The standards need to provide definite details for farmers to be able to
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understand and implement. Since there are no risks of dairy cow loosing organic status as a result
of lack of sufficient space, then the farmers may not see the need for implementing these

requirements.

4.5.3. Calf management

In organic dairy production natural living for calves involves cow-calf contact and natural milk
feeding from a cow (suckling). Suckling also enables the cow to express natural behaviour and
ensures natural communication between the cow and the calf (Grondahl et al., 2000; Flower and
Weary, 2003). Calves in this study were isolated from their mothers within the first two weeks of
birth and were either bucket fed or bottle fed until they were weaned. However, this is much
better than the way in which calf management is practiced in most European countries where
calves are separated from the cows shortly within a few hours after birth (de Passille et al.,
2008). This type of calf feeding is the most common practice by smallholder farmers with zero-
grazing units (Bebe, 2008; Lukuyu et al., 2011). Organic feeding standards require calves to be
fed with maternal milk or organic whole milk from their own species. Feeding of vitamins, trace
elements and supplements from natural sources is also permitted. The organic standards does not
define specific time period for weaning and only states that “Animals shall be weaned only after
a minimum time that takes into account the natural behaviour and physical needs of the animal”.
In cows, natural weaning has been found to occur from at least 6 months (Webster, 1994) up to
12 months (Reinhardt and Reinhardt, 1981). Various studies have shown that natural weaning
provides welfare benefits of health, psychological wellbeing and natural behavioural expression
for both the calf and dam (Solano et al., 2007; Wagenaar and Langhout, 2006; Wagner et al.,

2012).
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The variation observed in the amount of milk fed to calves in different days shows that there is
no specific feeding management strategy in the farms, yet feeding is the key component in the
replacement management procedure within farms is the successful raising of healthy calves
(Radostitis, 2001). Lukuyu et al. (2011) observed that the most important constraint to optimum
feeding in calves were low milk production by dams and competitions between milk for use in

the household and for sale were probable.

The other challenge is calf rearing was lack of bedding and dirty calf pens in most of the farms
affected the welfare of the calves and could be associated to numerous calves’ diseases like
gastroenteritis and pneumonia. These two diseases accounted for 44% of calf mortality in farms
around Nairobi (Gitau et al., 2010). The diseases lead to huge economic losses and deprive the

farms of replacement stock for their herds.

4.5.4. Feeding management

The quantity and quality of feed is a major contributor to animal good animal health and welfare.
To support animal health and welfare, feeding is required to meet the physiological conditions of
the animals. The East African Organic Product Standard requires that diets for dairy cows must
derive a minimum of 60% of the dry matter intake (DMI) from organic feedstuff daily. Access
to fresh fodder through grazing is preferred as preserved fodder may only be used where fresh
fodder is not available. Organic production views animals in the farm as part of the system and
thus recommends that at least 60% of the feed shall come from the farm itself or be produced in
cooperation with other organic farms. In Kajiado, farmers produced most of the feed on their
own and did not use chemical fertilizers in the grasses that were fed to the cow. However, during

the dry season farmers relied on hay which was purchased from the local agro-veterinary shops.
62



It was therefore difficult for farmer to determine how the purchased feed was produced. In
Kiambu, feed was sourced from outside the farm throughout the year. The main source of feed
was purchase of fodder from neighbouring farmers specialized in fodder production and
collecting feed from various sources by the farm workers. In Kiambu, maize stover was

purchased from farmers who were not organic farmer.

The standard provides opportunities for farmers who have limited amount of land and are not
able to graze their animal to use preserved feed as long as their organic status is known. The
greatest challenge to the farmer will be to get organic feed for their dairy cows. This is due to
lack of traceability of the source of feed and the production method. Incorporation of maize
stover produced by non-organic farms will also need to be stopped since production of maize in

most parts of the country involve used of pesticides and chemical fertilizers.

The amount of concentrates fed to the animal varied from one farm to another. Previous studies
show that the quantity of concentrates offered to dairy cattle in smallholder farming systems was
generally low (Njarui et al., 2011). The amount of concentrate fed depended on the abilities of
the farmers to buy the concentrate. Production and feeding of protein-rich crops has been
recommended as a method to reduce the necessity of commercial concentrates in smallholder
production systems. The greatest challenge to supplementing the protein requirement thorough
this method is the lack of sufficient land to grow the protein rich-crops in smallholder farmers.
This means that even if protein rich crops are to be used as substitute smallholder farmers still
have to buy the crop from other farmers. There is need to develop practical solutions to ensure

adequate feed for dairy cows in smallholder systems.
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4.5.5. Use of poisons and chemical medicine in disease management

The occurrences of disease in the farms involved in this study were relatively low with only one
case of East Coast Fever and four cases of mastitis. However, East Coast Fever, anaplasmosis,
babesiosis, trypanosomosis and contagious bovine pleuropneumonia are some of the cattle
diseases reported to be endemic in smallholder production systems (Muraguri et al., 2005;
Zilberman et al., 2011). The use of pharmaceutical are discouraged in organic dairy production
and may only be used under the supervision of a veterinarian if it is the best way to reduce
suffering save life or restore health. A guideline is given on the withholding periods after treating

animals with synthetic veterinary drugs or antibiotics.

In this study, the use of acaricides was a routine practice. Routine use of acaricide is common in
smallholder farming systems (Maingi and Njoroge, 2010; Wesonga et al., 2010). To conform to
the requirement of the organic standard, alternatives to chemical methods of controlling ticks
should be adopted in smallholder farms, for example, hand picking of ticks (Rubaire-Akiiki et
al., 2006). The routine use of acaricide against ticks is use as a preventive measure to tick-borne
diseases which are a major cause of losses in smallholder farms. Given the important role played
by dairy cattle in the livelihood of most of the farmers, loss of an animal is considered too risky
unless effective alternative tick control method or insurance against losses should they change

their practices.

The standards does not provide any conditions that may lead to the removal of organic status of
an animal based on use of synthetic drugs for disease treatment or parasite control even under

repeated treatments. Though the flexibility in the organic standard concerning the maintenance
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of organic status regardless of the number of treatments provide an opportunity for smallholder
farmers faced by numerous disease and pest challenges, this may lead to non-compliance and
make use of these synthetics the norm rather than an exception. Since maintaining health is an
integral part of animal welfare more work need to be done to develop methods of disease control

that are acceptable in organic production.

4.5.6. Breeding management and breeding objectives

Holstein-Friesian was the only breed kept by farmers in this study with Artificial insemination
being the only method of breeding used in the farms. The smallholder farmers keep exotic breeds
as a key component of their intensification strategy in order to increase milk production (Murage
and llatsia, 2011). Holstein-Friesian is considered as a “high maintenance” animal requiring high
energy concentrate and regular veterinary treatment. Exotic breeds have higher nutritional
demand, low milk, poor adaptability and low production efficiency in smallholder production

systems (Kabhi et al., 2000; Wakhungu, 2000).

Most cows kept by smallholder farmers are sourced from commercial herds which may have
different sets of objectives. The farmers who use artificial insemination (Al) use the same
breeding bulls as conventional farms with the aim of increasing milk production. The choice of
Al bull to use is usually determined by the farmer or based on advice from the Al service
providers. This is unlikely to change in the near future since the dairy sector in Kenya depends
on conventional breeding programmes in Kenya, Europe and USA as the main source of

breeding bulls.
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Selection of animals should be based on the requirements of the production system or
environment because it plays a role in safeguarding animal health and welfare. In organic
livestock production, breeding should not only focus on increased milk production but also
consider other important traits required to meet the health and welfare needs of the animal in
smallholder systems like resistance to diseases, adaptation to the local environment and
utilization of available feed resources. Animals that are genetically adapted to specific conditions

are more productive and the cost required for production is lower (Simm et al., 2004).

Correct breeding and selection of appropriate dairy breeds should be viewed as a preventive
health strategy for organic dairy systems (Marley et al., 2010). Long term consideration during
breeding and selection may help fulfil the requirements of organic production. Recognition of the
role of organic production at the policy level will also play an important role in the future
development of organic dairy production since most policies advocate for intensification of

productivity by increasing animal output and productivity (Devendra, 2001; Bebe et al., 2002).

4.5.7. Human choices related to animal farming

Human factors strongly determine our behaviour towards animals, animal production and animal
welfare (Boivin et al., 2003). This is because the decisions in the farms are dependent on the
farmers and have major implication on animal health and welfare. These decisions include the
number of cows to keep, the size of cubicle to build and animal management in general. This
study showed that in most farms there were low animal to cubicle ratio, small sized cubicle, lack
of bedding, dirty loafing areas and cubicles in most of the farm. Ensuring good animal welfare
depends on the ability of the farmers to recognize discomfort and ailments facing the animals

and taking remedial actions on the causes of discomfort or ailments. Improving the animal
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welfare situation in the farms studied will require the farmers to make critical decision

concerning the stocking rates, management and structural changes.

The principles of fairness link human and animal relation as part of animal welfare. Vaarst and
Alroe (2012) outlined the interfaces between naturalness and human care giving and how the two
can be viewed to constitute the concept of animal health and welfare in organic animal farming.
The interface of human care giving involve taking responsibility for the animals in the farms that
they are not suffering and that they do not experience pain, distress, injuries, frustration, disease,
hunger, or thirst. Farmer should interacting gently and with care with animals in daily life and
create a framework which allows naturalness and makes it possible to observe the animals
sufficiently without necessarily interfering. In organic livestock production farmers have an

obligation to care for the needs of the animals to guarantee their health and welfare.

4.6. Conclusion

The management of cows in smallholder farming systems has an effect on their health and
welfare status. Management in these systems are dependent on the way in which the different
component of the system are organized and the availability of resources. Meeting the views of
organic dairy production will require adjustments within the smallholder farming system and it is
our view that this is achievable in some farms. However, the unique characteristics of each farm
needs to be considered when assessing and developing strategies to improve animal health and
welfare because smallholder farmers are not a homogenous group. Implementation of strategies

developed may require additional resources.
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Farmer have poor attitude towards issues related to animal welfare. There is need to address the
perception and an attitude of the farmers has it affect their relation to the cows within the farms.
Training farmers on organic principles is not only central to safeguarding the health and welfare
of dairy cattle in these farms but also has the potential to affect the profitability of the dairy
enterprises. Future research to integrate organic dairy production in smallholder farms should
focus on addressing the challenges of diseases, pest and feed which are a major source of health

and welfare concern in these systems.
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CHAPTER 5

FEASIBILITY OF CONVERTING SMALLHOLDER DAIRY FARMS TO ORGANIC
PRODUCTION

5.1. Abstract

Conversion of smallholder dairy farms in the Nairobi area to integrated organic livestock
farming systems is viewed as one of the ways of meeting the growing demand for organic milk
in Kiambu and Kajiado counties. In order to evaluate the feasibility of converting the
smallholder dairy farms to organic production, the Organic Livestock Proximity Index (OLPI)
was adapted to suit existing Kenyan production systems and used to evaluate a total of 24
smallholder dairy farms from Kiambu county (13 farms) and Kajiado county (11 farms). A total
of 29 variables classified into 6 indicators were used to evaluate the proximity of each farm to
organic production according to the IFOAM principles and standards. Information was obtained
through direct observation and inquiry from the farmers. The mean percentages indicator values
for all farms were: Nutritional management (53.1%), disease prevention (56.7%), breeding
(75%), animal welfare (47.1%), conversion process (13.9%) and food safety and marketing
(69.2%). Seven farms in Kiambu and three farms in Kajiado had an OLPI of less than 50%. The
results show that all the dairy farms need to substantially improve nutritional management,
disease prevention, animal welfare and their livestock conversion process. Capacity building on
the basic requirements for organic dairy production is essential to ensure that interested farmers

make the necessary adjustments to convert their enterprises.
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5.2. Introduction

Farmers’ motivations to convert to organic agriculture vary greatly between different areas. In
Europe and North America, organic agriculture was initiated by farmers and consumers looking
for alternatives to the growing chemical agriculture and subsequently implemented in and
promoted by changes in government policies or support for farmers through subsidies
(Michelsen, 2001). However, the advancement of organic agriculture in most of Africa has been
without any formal government policy but as result of promotion by non-governmental
organizations, private initiatives and foreign partners working with sustainable farming
initiatives and organic value chains for export products to Europe or the USA (Agro Eco and
Grolink, 2008; UNEP-UNCTAD, 2008). Growing consumer attention for organic food and
farming in Africa has led to increased recognition and involvement from governmental entities in
the organic movement. Currently, the process of policy development for organic farming in

Kenya is ongoing (Kamaru, 2013).

Certified organic farming has grown rapidly in most of the African countries in the recent years.
In Kenya, the area under certified organic production increased from 4,227 hectares to 4,969
between 2009 and 2011 (FiBL and IFOAM, 2013). A potential explanation for this growth is the
widespread acceptance and awareness of organic production among producers and consumers in
Nairobi and other major towns in Kenya. A recent study by Kenya Organic Agriculture Network
(KOAN) showed that the level of awareness of organic food among consumers in Kenya was
55%, compared to 44% in 2006 (Ndungu, 2006; Ndungu, 2013). It is expected that the increased
level of awareness will translate into more consumption for organic products in the country
(Ndungu, 2013).
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Most of the organic products supplied in various markets in Kenya are produced by smallholder
farmers who integrate crop and livestock within the same farms (Kimemia and Oyare, 2006),
which means that they have a certified organic crop production and a non-certified livestock
production. However, the growing demand for organic milk in Nairobi points to the need for
organic dairy producers to meet this demand. Since smallholder farmers dominate milk supply to
major urban centres including Nairobi, conversion of smallholder dairy farms to organic dairy

production is seen as one of the ways of meeting this demand.

Conversion to certified organic dairy production potentially involves changes to farm structure,
management and finance. These changes must be effected using permitted materials and
practices, with reference to the standards and with monitoring from the certification body over a
given period of time. During the conversion process each farm unit requires careful assessment
of the resources available and the interaction between components of the systems. In order for
the organic producers to maintain the credibility and trust they must continuously optimize their
production in line with the organic principles (Alroe and Halberg, 2008) and the farms must be

regularly evaluated by a certifying body.

The objective of this study was to gain insight on the ability and potentials of smallholder

farmers to convert their dairy cows to organic milk production. To achieve this objective,

important issues connected to conversion were explored.
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5.3.  Materials and Methods

5.3.1. Sampling and obtaining data

Information was obtained through direct observations of the farms and a questionnaire applied to
producers using the semi-structured informal interview technique (Gillham, 2005). All the
information was obtained between August, 2011 and April 2012. A total of 24 farms from

Kiambu County (13 farms) and Kajiado County (11 farms) were sampled.

5.3.2. Conversion Proximity Variable Identification

Based on the requirements for certification (EnCert, 2009), principles of organic farming
(IFOAM, 2014) and East Africa Organic Product Standards (EAOPS, 2007), indicators and
variables essential for conversion were identified. The variables were then used to design a
methodological criterion which was used to approximate conversion of dairy production units to
organic. To achieve the set objective, the Organic Livestock Proximity Index (OLPI)
methodology (OLPI, applied to dairy goats), proposed by Mena et al. (2011) was modified. The
modification involved reducing the number of indicators from 10 to 6. The indicators not
included in the OLPI were not relevant to smallholder production systems. These comprised of
sustainable pasture management, soil fertility and contamination, weed control and pest control.
The variable included in the indicators also considered the requirement for certification by
EnCert. The criterion for the evaluation had 29 variables that were classified into 6 indicators
(Table 5.1) in order to integrate organic livestock proximity index more suitable for the Kenya

situation.
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Table 5.1: Indicators, Weighted Coefficient and Variables used for calculating the Organic

Livestock Proximity Index derived from the East Africa Organic Standards and EnCert

Certification Requirements

Indicator

Weighted
factor

Variable included in each indicator

1. Nutritional
management

0.24

1.1.

The farmers produces at least 60% of feed consumed by
the animals from the farm, rented land or a nearby
farm

1.2.

At least 60% of feed consumed by the animals is
organic or from organic sources

1.3.

Animal have access to fresh fodder or preserved fodder
through feeding or grazing

1.4.

The farmer does not use of synthetic growth promoters
to stimulate production

2. Disease
prevention and
veterinary care

0.2

2.1.

The farmer promptly treats animals in cases of sickness
or injury

2.2.

The farmer quarantines animals, which are sick or
newly introduced to the farm

2.3.

The farmer carries out natural disease treatment or use
other alternative solution to treat diseases (herbalism
or homeopathy)

2.4.

The farmer does not use antibiotics or other
conventional veterinary treatments as preventive
measures or only uses conventional veterinary
treatment in life threatening situations

2.5.

The farmer does not use vaccines as a preventative
measure (only obligatory vaccines are used)

3. Breeding and
reproduction

0.09

3.1.

Animal breeding is natural or through Al (no hormones
are administered to synchronize heat, induce birth,
etc.)

3.2.

Animals used are local breeds less susceptible to
diseases

3.3.

Bulls used are not breed by embryo transfer techniques

3.4.

Animals should be able to give birth in a natural way

4. Animal welfare

0.23

4.1.

Farmers allow calves to suckle (The farmer uses natural
lactation) for 7 months
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4.2.

Indoor area is at least 6m” per animal

4.3.

Available space within the farm for regular outdoor run
(outdoor area is at least 4.5 m? per animal)

44,

Animal have permanent access to open spaces or have
regular outdoor access

4.5. The farmer does not systematically tie up or isolate
animals

4.6. Animals have sufficient access to water, feed,
ventilation, light and adequate temperature and
humidity

4.7. Animals have access to protection from direct sunlight,

rain, mud and wind

4.8.

The farmer does not cut horns except for the points,
castrate or carry out other mutilation without using
approved procedures

5. Conversion | 0.1 5.1. The farmer has planned to convert to organic
process production for the last 1 year
5.2. The farmer is already receiving advice and/or training
by organic certifiers
5.3. The farmer adequately records information on dairy
Cows
6. Food safety and | 0.14 6.1. Farmers follow recommendation of drug withholding
marketing period after treatment (Twice the legal withdrawal
period or 48 hours if period not specified)
6.2. Strict hygienic-sanitary control (of premises,
equipment, and milking and milk management)
6.3. The farmer sells his or her products to local industries
for processing
6.4. The farmer sells directly to the final consumer
6.5. There exist a specific organic milk market with or

without a premium price for the milk producer
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5.3.3. Conversion proximity evaluation

The 29 variables which comprise the 6 OLPI indicators were coded as binomial or dummy
variables (0, 1) in order to homogenize the different original units of measure and thus facilitate
calculation of the value for each indicator. This procedure was used because organic regulations
are based on well defined criteria or thresholds regarding use of permitted (1) and non-permitted
(0) inputs and practices. The real value acquired by each indicator is the mathematical average
of the values (or responses 0 or 1) of their own variables (Grimm and Wozniak, 1990). The
values for the indicators are then standardized to a common or relative percentage scale (%). The
optimum value (100%) of unweighted indicator is achieved when the responses of all its

variables are positive (codified as 1). Calculation of the percentage value for each indicator (1)

was obtained through the sum of the responses of its variables (0 or 1) multiplied by 100. The
equation used was:
m
S

lj="2 (100)

Where:
j=1,2,3,....,6 indicators

i=1,2,3,.....,29 variables

v; = variables for each indicator

The weighted coefficients were adjusted with regard to the management characteristics of
smallholder farming systems in Kenya. The indicators were weighted based on the contribution

of each indicator to the overall cost of dairy production, the importance of each indicator for
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practical organization of an organic farm and the complexity in eliminating or substituting use of

inputs or practices during organic production. The weighted value of each indicator (Pl ;) was
obtained by multiplying the value of each indicator (1) by its specific weighted factor (PF j).

The equation used was:

P, =1,(PF)

Organic Livestock Proximity Index (OLPI). Construction of the Organic Livestock Proximity
Index was based on the multi-criteria focus for weighting and aggregation of information
(Munda, 2004). The OLPI of each livestock farm was obtained through the sum of the pondered

values for the six indicators (Pl ;), using the following equation:

OLPI :iplj

j=1

5.3.4. Statistical analysis

The smallholder dairy farms were grouped based on the counties using the weighted OLPI as a
classification variable. Later, the indicators of the different counties were analyzed using a single
factor. The SPSS statistical program for Windows version 14.02 (SPSS Inc., ©1989-2005) was

used to generate the descriptive statistics.

5.4. Results

All the farms scored highest in relation to animal breeding and reproduction with a score of 75%
being reported for this indicator. The lowest indicator scores were reported for conversion
process and management. Table 1 shows the mean percentage values for all the other indicators

evaluated in the study.
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Table 5.2: Mean indicator values (percentage of approximation of smallholder farms to organic)

for farms in Kiambu and Kajiado counties

Indicators

Kiambu (N=13)

Kajiado (N=11)

Average (N=24)

Nutritional management
Disease prevention
Breeding

Animal welfare
Conversion process

Food safety and marketing

50.0 £ 0.00

554 +2.43

75.0 £ 0.00

47.1+3.21

10.3+4.44

69.2 + 2.88

56.8 + 3.52

58.2 +1.82

75.0 £0.00

48.9 + 2.64

18.2 +8.24

69.1 £3.15

53.1+1.72

56.7 +1.55

75.0 +£0.00

479 +2.08

13.9 +4.45

69.2 +2.08
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In all farms calves were not allowed to suckle and weaning was done in most of the farms before
the calves were 12 weeks. The practice of weaning before 12 weeks was only an exception 25%
of the farms (2 in Kiambu and 4 in Kajiado). Cows did not have permanent access to open spaces
for outdoor run and animals had no outdoor access on a regular basis on all the farms studied.
The cow sheds in both regions were small and only 16% of the farms in Kiambu and 18% farms
in Kajiado had indoor areas of at least 6m? per animal. All the farms surveyed provided
sufficient access to water, feed, ventilation and mutilation were not conducted without following

approved procedures.

The percentage OLPI values ranged from 40.9% to 63.3% for both counties. The three farm with
the highest OLPI in Kajiado scored 59.7%, 62.8% and 63.3%. A distinctive feature of these
farms was that they had at least 60% of feed consumed by the animals coming from the farm,
rented land or a nearby farms, had clean livestock facilities and two of the farms had space
within the livestock unit that could be used for regular outdoor run for the cows. In Kiambu, the
two farms that had the highest OLPI scores (56.8% and 59.7%) had clean livestock facilities and
the farms also had strict hygienic-sanitary control (of equipment, and milking and milk
management). On the farms that had low OLPI in both counties, farmers weaned their calves
before 11 weeks, the indoor areas for the animals were less than 6m? per animal, the farms had
no space within the farm that could be used for regular outdoor run for the cows and had no

organization for conversion progress and management.

All the feed given to the animal on all the farms surveyed in both Kiambu and Kajiado were not

organic nor from organic sources. None of the farms in Kiambu county had at least 60% of feed
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consumed by the animals coming from the farm, rented land or a nearby farms while in Kajiado
three farms reported to obtain at least 60% of their feed from the farm, rented land or nearby
farms. However, in all the farms surveyed the cows had access to fresh fodder through feeding

and no synthetic growth promoters were used in animal feeds.

The farmers relied on veterinary services from private practitioners in cases of disease or injury
within the farms. Regular preventive treatment for parasites especially ticks was practiced in all

the farms.

33% of the farmers indicated that they had plans to convert their dairy herds to organic farming.
However, no farmer in any of the regions had taken required steps to enable the farms to start the
conversion process or received any training on the conversion process or attended training on
issues related to conversion to organic production. Only 8% of the farms had consistent

production, health and breeding records on their dairy enterprises.
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Table 5.3: Mean value*weight*100 and standard error for seven indicators in the OLPI in

Kiambu and Kajiado

Indicators

Kiambu (N=13)

Kajiado (N=11)

Maximum OLPI score

Nutritional management
Disease prevention
Breeding and reproduction
Animal welfare
Conversion process

Food safety and Marketing

OLPI

12.0+£0.00

11.1+0.49

6.8 +£0.00

10.8 +0.74

1.0+0.44

9.7+0.40

51.4 +1.56

13.6+0.8)
11.6+0.36
6.8 +0.00
11.2 +0.60
1.8+0.82
9.7+0.44

54.8 £1.94

24.00

20.00

9.00

23.00

10.00

14.00

100.00
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All the farms were free from notifiable diseases and none of the farms had milk analysis in the
past one year for somatic cell scores. All the farmers also sold their milk directly to the final
consumers. There was no significant difference in OLPI for both Kiambu and Kajiado. There
was similarity in most of the mean values for various indicators for both Kiambu and Kajiado.

Table 5.3 shows mean percentages for OLPI and for the seven indicators included in OLPI.

5.5. Discussion

5.5.1. Nutrition Management

The regulation requires that livestock be fed on organically produced feedstuffs from the farms
or nearby organic farms with only a limited proportion of conventional feedstuff (maximum of
40%) allowed (EAOPS, 2007). However, it was difficult to obtain feed that can be considered to
be organically certified. This was mainly because most of the feed stuff used in the farms were
not produced within the farms or from nearby sources. Despite three farms in Kajiado reporting
that they obtained their feed from the farms the sources were not necessarily organic because in
some occasion they fed non-organic maize stalk to the dairy cows. Organic farmers relied mainly
on fodder from within their farms, or from nearby farms, indicating that possibilities of such
farms meeting the requirements for feeding. This was the main reason for the low index reported

for nutrition management of 12.0 and 13.6 in Kiambu and Kajiado respectively.

In both regions, farmers employed a farm worker whose main responsibility was to take care of
the dairy unit and source for the feed from various sources. As a result the sources of the feed
used by the farms were varied with grass sourced from the road side or hedges of other farms

being one of the major sources of feed. Sourcing feed from the road sides and hedges is not a
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sustainable strategy for converting farmers because road sides and hedges cannot be converted to
organic. This implies that after conversion farmers have to rely on other sources of feed for their
cows. Fresh fodder was preferred because it was readily available and was obtained for free by
farm workers from the road side or bought at lower prices from the other farmers. On different
occasions, farmers bought feed from traders who cut the feed from their farms or from hedges in
their farms and sold on the roadside while others bought feed (mainly hay) from the agro-vets.
Hay was mainly used to feed cows during the dry season, when other cheaper sources of animal
feeds were not available. Dairy cows were fed on fresh fodder on most occasions except during
the dry season when preserved fodder is used. During the drought period the farmers were
generally constraints since these feed sources were not available and purchased fodder is
relatively expensive. Fodder preservation was not a common practice among the dairy farmer

and most of them lacked storage facilities for fodder within their farms.

The requirements for certification are that there should be no more than 2 dairy cows per hectare
of land (EnCert, 2009). The land requirement is to enable the farms to meet the demands for feed
production of the cows. Although 3 farms in Kajiado obtained animal feed resources from the
farms or from nearby farms, none of the farms surveyed would qualify for organic certification
due to the land requirement per dairy cow. However, in cases where farmers are able to source
feed from certified suppliers of organic animal feed, the farmers would be required to have
sufficient land to provide for regular outdoor runs and have structures that meet the needs of the

COws.
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Nutritional management in organic dairy production must meet the nutritional requirement of the
cow at the various stages of development rather than maximum production (Hermansen, 2003).
Adequate nutrition has a positive effect on animal health and is therefore very important in
disease prevention. The focus of the farms desiring to convert their dairy enterprises to organic
should be on developing strategies to ensure that they have reliable sources of quality feed for
the cows. The farms surveyed do not have the capacity to produce sufficient quality feed for the
cows on their farms. Conversion of these farms therefore depends on other sources of organic
livestock feed. Developing dependable collaboration between dairy farms and other organic
fodder producing farms is one of the options to ensure that converted farmers will have sufficient

feeds for their dairy cows.

The most important strength related to potential conversion to organic production of the dairy
farms with regard to nutrition management in both regions was none use of prohibited feed such
as animal excrement and chemical additives to stimulate milk production. The use of feed
additives to increase milk production in smallholder dairy production systems is rare mainly

because such additives are expensive and there is limited information on their use.

5.5.2. Disease Prevention and Veterinary Care

There was unfavourable approximation on most farms in relation to disease management and
veterinary care of 11.1 and 11.6 in Kiambu and Kajiado respectively. Farmers promptly treated
their cows in cases of sicknesses or injuries. Most of the farms did not have a quarantine facility
for animals that were sick. This was mainly because the herd sizes were less than three.
However, this is a health risk to the farm during disease outbreaks. Antibiotics or veterinary

treatment or vaccines for preventive measures was not used on all the farms.
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Farmers’ reliance on use of conventional medicine for treatment of animals’ routine control of
endo-parasites and ecto-parasites with conventional drugs was one of the major contributors to
the unfavourable approximation. Restrictions on prophylactic parasite control have been
identified as potential risks for heavy parasite burdens unless adequate husbandry and monitoring
systems are put in place (Roderick and Hovi, 1999). Parasitic control can prove to be a great
challenge in smallholder farming system where feed is sourced from other places and may have
parasitic infestation. In this system grazing management practices which have been adopted by
large scale farms to control both ecto-parasite and endo-parasites may not provide viable
alternative for solution for parasite control especially in peri-urban areas where land is a scare
resource. As such, alternatives to chemoprophylaxis methods of controlling parasites should be

adopted.

Though the uses of pharmaceuticals is permitted under the supervision of a veterinarian to reduce
suffering, save life or restore health, disease prevention and management in organic cattle
husbandry should focus on adopting preventive measures within the farms. Preventive measures
should be based on the following principles: choice of appropriate breeds or strains of animals,
application of animal husbandry practices appropriate to the requirements of each species, use of
good quality organic feed, together with regular exercise and access to pasture and/or open-air
runs, ensuring an appropriate density of livestock and appropriate housing maintained in

hygienic conditions.

5.5.3. Breeding

Animal breeding and reproduction in both counties had the highest proximity to organic

regulations at 6.8 in both counties. This is mainly because all farms practice artificial
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insemination which is a permitted practice in organic livestock production. However, the use of
artificial insemination on the farms does not imply that the farmers select animals suitable for
organic production conditions for breeding. Breeding and selection of appropriate dairy breeds is
a critical component of organic livestock production (Rozzi et al., 2007). This is because one of
the strategies proposed for disease prevention in organic livestock production is that appropriate
breeds or strains of animals should be selected. This implies that the overall genetic merit of the
cows in organic production systems should be selected based on a wider ranges of qualities.
These include for example milk yield, pest (parasite) and disease tolerance or resistance and

mothering ability.

The use of local breeds that are less susceptible to diseases would reduce incidence of diseases
on the farms. However, breeding practices among smallholder farmers favours the use of exotic
dairy breeds, particularly Friesian, (Bebe et al., 2003) which is inconsistent with technical
recommendations that favour the use of the smaller dairy cattle breeds. The use of larger breeds
and or upgrading to high exotic grades is generally discouraged due to their high nutritional
demands, low milk yield, adaptability and production efficiency under smallholder farming
systems (Kahi et al., 2000; Wakhungu, 2000). In other countries like Switzerland, traditional
breeds are selected for organic systems to develop the compatibility between genetics and the
management systems (Bapst, 2001). Smallholder farmers are dependent on the breeding stock
from large scale conventional farmers whose breeding objectives do not necessarily target the
desired attributes for smallholder dairy farming systems. The use of artificial insemination with
semen from Europe and USA with the objective of increasing milk production without regard to

other important dairy attribute is still a common practice on many smallholder farms.
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Currently, there are no breeding schemes or strategies in most sub-Saharan countries to breed
cows that are more adapted to the local weather conditions and the common diseases faced by
farmers in smallholder farming systems. As a result, conversion to the organic dairy production
model may still be a challenge to smallholder farmers until alternative solutions addressing

diseases and parasites are found.

5.5.4. Animal Welfare

The dairy farms in Kiambu and Kajiado had low aggregate score (10.8 in Kiambu and 11.2 in
Kajiado) relating to animal welfare indicators on the farms. The organic standards in relation to
animal welfare include providing conditions which ensure quality living in regard to nutrition
and water access, housing facilities, physical, physiological comfort, safety, expression of main
forms of behaviour, social contacts with animals of the same species, absence of unpleasant
emotional and physical experiences such as pain, suffering, fear, stress, disease and injuries
(EAOPS, 2007; IFOAM, 2014). The aim of maintaining good animal welfare condition for the
dairy cows is to offer optimal conditions for developing their reproductive and productive
functions and satisfying their biological needs (von Borell and Sorensen, 2004). There was no
cow-calf contact in any farm, calves were not allowed to suckle and weaning was done on many
farms before the calves were 7 months old. As such a change in practices with regard to calf

rearing is required.

The dairy unit structures on most farms were buildings within the family compound, which in
many cases also had crop enterprises. Most of the available land was however allocated to crop

enterprise. The current farm organization does not allow much room for expansion. The fact that
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most dairy cows’ housing structures were smaller than the recommended 6m? is a clear
indication that the welfare needs of the cows are not met and will require major changes in farm
structures. Stocking density is an important factor in organic dairy systems, with a direct link to
welfare problems, specific diseases like lameness and herd performance. Similarly, it is not
possible to allocate more space for regular outdoor run for the animal unless farm organization is

changed.

Though there are a number of farms that have large pieces of land which may be allocated to
meet these specific welfare needs (more indoor space and space for outdoor run). The current
construction of most farms does not allow for expansion that will immediately provide for more
indoor and outdoor space for to meet the requirements of organic unless structure are changes
and available areas allocated for crop production near the diary unit substituted for dairy
production. This implies that conversion to organic will require considerable investments to

achieve.

Previous studies in smallholder farming systems in Kenya have shown that some of the most
common problems associated with animal welfare are lameness, mastitis and poor reproductive
performances (Abuom 2006; Nguhiu-Mwangi et al., 2008; Odima et al., 1994). To be able to
convert the smallholder farms to organic production improvements in dairy cattle welfare may be
achieved through reconstruction of animal structures to provide adequate indoor space, re-
organization of the production systems to allocate more land for outdoor access and maintaining

a clean environment for the dairy cows. Animal based parameters should also be used to identify
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animal response to the systems and adjust the system to accommodate the needs of the dairy

COWS.

5.5.5. Conversion Process and Marketing

Only 33% of the farmers had plans to convert their dairy production to organic in the last 1 year
and were already receiving advice on the conversion processes from a local COSHEP. The
conversion process is dependent on the farmers’ decisions and actions in meeting the required
standards set for converting to organic. The decision to convert to organic dairy production must
be based on knowledge of the requirement and the steps necessary to achieve organic status.
However, with all the farmers lacking necessary training on the conversion requirements and
processes it would be difficult to achieve organic status for most farms in the near future. Since
conversion has financial implications to the farmers and involved structural and management
changes at the farm level farmers must evaluate their ability to meet these requirements and the
potential benefits resulting from the decision to convert. Indicators regarding conversion process
were lowest to the approximation to organic. Consistent efforts to ensure smallholder farmers
who are interested in organic production receive relevant information related conversion to
organic is essential. Interested farmers should also be provided with technical support and

training to initiate organic certification of their farms including trainings on record keeping.

5.5.6. Food Safety and Marketing

The organic standard does not exempt producers from compliance with the general requirements
of statutory regulations, such as food safety regulations. The adoption of organic is expected to
have a positive implication on the food safety of dairy products. In many countries, the

perception that organic products adhere to stringent food safety standards, hygiene and meet the
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animal welfare has been the major drivers of consumption of these products. All the farmers who
reported disease treatment on their farms followed recommendation on the drug withdrawal

period after treatments.

Though all the farms are free from notifiable diseases, the level adherent to hygienic-sanitary
control of milking equipments and milking practices and milk management pose a great
challenge to the health and safety of the milk. The lack of data on the quality of milk produced
from the farm also is a source of risk to the health of the consumers. Considering that all the milk
produced in these farms is sold directly to consumer, the potential risks of transmitting diseases
are high. The existence of an organic market is a good motivation to encourage smallholder
farmers to convert. However, to enhance the quality of dairy products incentives should be
provided to farmers who adopt organic production. Some of the incentives could include fair and
constant prices throughout the year for their products in order to stimulate producers to continue
to increase their use of appropriate sustainable production and management techniques (von

Borell and Sorensen, 2004)

5.5.7. Organic Livestock Proximity Index

The OLPI makes it possible to the proximity of individual farms to the organic production model
in order to identify structural and functional (management) limits and potential to stimulating
organic production (Nahed-Toral, 2013). Four of the farms evaluated in the two regions have an
intermediate level of compliance with the organic regulations (above 60%). Farms in both
regions still have considerable improvements to make to enable them to improve their proximity
to organic production. The farms that show considerable compliance with organic regulations

also need to make significant changes especially with regard to nutrition management, disease
89



prevention and animal welfare. Despite the intermediate compliance with the organic principles,
all the farms need to provide adequate indoor area and make room within the farm for regular
outdoor run for the dairy cattle. Any farm that is not able to adjust their structures and create
outdoor areas will never be able to comply with the organic regulation since animal welfare play
a critical role in contributing to all the other aspect of the production system. A number of farms

may be challenged from making these adjustments due to lack of land or financial resources.

5.6. Conclusion

The flexibility of the certification requirement makes it possible for a number of smallholder
farms to convert to organic production if management practices within the farms and the
structures in some farms are changed. However, it is important to note that each farm is unique

and recommendation for conversion must be made based on individual farm assessment.

Conversion of smallholder farming systems to the organic model will require adequate
production and supply of organically produced livestock feed, maintaining living conditions that
promote animal health and welfare, management of manure so that it does not contribute to the
contamination of crops, soil or water and optimises the recycling of nutrients, establishing
preventive health care practices and ensuring food safety of all the dairy products from each

farm.
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CHAPTER 6

IN VITRO ANTHELMINTIC EFFECTS OF CRUDE AQUEOUS EXTRACTS OF
TEPHROSIA VOGELII, TEPHROSIA VILLOSA AND CARICA PAPAYA LEAVES AND
SEEDS

6.1. Abstract

Traditional medicinal / herbal plants can offer an alternative to the reliance on chemical
anthelmintic drugs. This study evaluated the efficacy of crude aqueous extracts of Tephrosia
vogelii Hook., Tephrosia villosa Pers., and Carica papaya Linn. leaves and Carica papaya Linn.
seeds against gastrointestinal nematodes using in vitro egg hatch and larval development
inhibition assays. Rectal faecal samples from sheep were subjected to parasitological
examination for faecal egg counts (FEC) using the McMaster counting technique. 100g of dried
and poultice aqueous leaf extract of T. vogelii, T. villosa, C. papaya leaves and seeds was
blended into liquefaction in 200ml of distilled water then boiled at 90-100°C for 1 hour and
cooled. Levamisole and distilled water were used as positive and negative controls respectively
in the bioassay. Egg hatch assay revealed more than 95.8% reduction in egg hatch at
concentration of 500 mg/ml for dried and poultice paste of T. vogelii leaves and C.papaya seeds.
Larval development inhibition assay results showed that both dried and poultice paste of T.
vogelii leaves and C.papaya seeds extract yielded more than 98% inhibition at a concentrations
of 500mg/ml. Based on the LDs dried extract of C. papaya seeds was most potent extracts for
the inhibition of both egg hatching (49.94mg/ml) and larval development (49.32mg/ml). Both
poultice and dried extract for all the plants showed significant and dose dependent egg and larval

development inhibition. These findings indicate that the evaluated plants have potential
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anthelmintic effect and could provide viable alternatives for the control of gastrointestinal

helminths in ruminants.

6.2. Introduction

Helminthosis adversely affects ruminants productivity and welfare in both organic and
conventional systems (Silva et al., 2011; Chartier and Paraud, 2012; da Silva et al., 2013). It is
ranked the highest animal health constraint to the poor especially in tropical and sub-tropical
countries (Perry et al., 2002). There are a number of approaches used to control helminths in
livestock, including nutritional, immunological and biological interventions (Jackson and Miller,
2006). However, most farmers rely on chemical anthelmintic drugs. The cost and non-
availability of synthetic anthelmintics to some farmers, emergence of drug resistance,
environmental pollution and toxic chemical residues reported in foods derived from livestock are
a major cause of concern for many consumers (Jackson and Coop, 2000; Kaplan, 2004; Saddiqi
et al., 2010; Sutherland and Leathwick, 2011). Therefore, naturally occurring plants with
anthelmintic properties could offer alternatives that can overcome some of these problems. This

would be both sustainable and environmentally friendly.

Consumers demand more natural and higher quality foods (Casemiro and Trevizan, 2009). This
is due to the growing demand for healthy foods for the people and awareness of impact of
chemical residues on the environment. There is a worldwide debate about the development of
sustainable food production systems, adapted to different farming conditions. Alternative
concepts of agroecology and holistic agriculture, that advocate for the use of integrated
management strategies, such as target selected treatment, herbal medicine, and the application of

other parasite control alternatives, are undergoing resurgence because of their more sustainable
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appeal (Molento, 2009). Use of medicinal plants could offer possible alternatives that may be
important for agroecological production systems, organic or biological — dynamical systems

where the use of chemical drugs is limited (Peixoto et al., 2013).

Tephrosia vogelii Hook. is widely used across Africa as a fish poison, pesticide and for soil
enrichment (Neuwinger, 2004; Mafongoya and Kuntashula, 2005; Sirrine et al., 2010; Kamanula
et al., 2011). The methanolic leaf extracts have shown in vitro anthelminthic activity in goats
(Kabera et al., 2014). Carica papaya. Linn is popularly used as a dessert or processed into jam or
wine, while the green fruits are cooked as vegetables (Samson, 1986; Nakasone and Paul, 1998).
Carica papaya is among the thirteen plant species used as anthelmintics to combat worm
infestation in livestock in Nigeria (Adedapo et al., 2002). Aqueous extracts of papaya seeds have
shown anthelmintic activity against Haemonchus contortus, Trichostrongylus spp, Strongyloides
spp and Ostertagia spp in Sheep (Ameen et al., 2010). Kermanshai et al., (2001) identified
benzyl isothiocyanate has the predominant or sole anthelmintic agent in papaya seed extracts
against Caenorhabditis elegans. Among these botanical species, C. papaya, (pawpaw) may be
preferred as an ethnoveterinary remedy in this part of the tropics because of its adaptability,
agro-ecological considerations and availability (Mundy and Murdiati, 1991) and its reported

anthelmintic efficacy (Ameen et al., 2012).

There is, however, no scientific evidence for the anthelmintic effects of Tephrosia villosa Pers.
The plants were selected and evaluated based on the indigenous knowledge information about
their use by farmers against helminths. The plants are also distributed widely in Kenya and an

assessment of their possible efficacies was considered to be of interest.
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The study was conducted to evaluate the in vitro anthelmintic activity of aqueous extracts of
Tephrosia vogelii Hook., Tephrosia vellosa Pers. and Carica papaya Linn. leaves and Carica
papaya Linn. seeds to validate their use in ethnoveterinary medicine among some farmers in
Kenya. These tests are based on the hypothesis that an anthelmintic activity observed in vitro

would be indicative of a potential in vivo activity.

6.3. Materials and Methods

6.3.1. Collection of plant materials

Fresh leaves of T. vogelii and C. papaya were collected on May 2013 at the Kenya Agricultural
Research Institute — National Research Laboratory (NARL) in Nairobi while fresh leaves of T.
villosa were collected from the Kenya Agricultural Research Institute station in Kiboko. Carica
papaya Linn. seeds were collected from ripe pawpaw fruits and washed with clean water to
remove dirt. The plants were identified and authenticated in the Department of Botany at the
National Museums of Kenya, Nairobi and voucher specimens of each species deposited at the
University of Nairobi herbarium. The plant materials and seeds were divided into two samples
for each plant species. The first samples were ground soon after collection to make a poultice
paste of 100g which was blended into liquefaction in 200ml of distilled water then boiled at 90-
100°C for 1 hour and cooled. The second set of samples were dried in shade at ambient
temperature for 14 days, ground and milled to powder by electrical blender. 100g of the powder
was also blended into liquefaction in 200ml of distilled water boiled at 90-100°C for 1 hour and

then cooled. Both samples were then centrifuged at 1500 rpm for 5 minutes. The supernatant was

95



filtered through sterile filter papers and stored at 4° C in dark tightly closed glass bottles until

use. One milliliter of the filtrate contained 0.5 g (500 mg/ml) of the extract.

6.3.2. Preparation of serial dilutions of aqueous extracts

Serial dilutions of stock solution were performed to yield 10ml each of 500mg/ml, 250mg/ml,

125mg/ml and 62.5mg/ml concentrations of the extract.

6.3.3. Recovery and preparation of eggs

Faecal materials (pellets) were collected per rectum from sheep with natural acute/ sub-acute
parasitic gastroenteritis due to mixed nematode species. The samples were placed into labeled
specimen bottles and transported to the Laboratory at the Department of Veterinary Pathology,
Microbiology and Parasitology, Faculty of Veterinary Medicine, University of Nairobi. All the

samples collected were processed on the same day.

Faecal Samples were examined for helminths eggs using the modified McMaster technique
described by Hansen and Perry (1994). Briefly, approximately 3 gm of faeces were placed in a
beaker and 45ml of floatation fluid (saturated Sodium Chloride solution) added. The faeces were
broken into pieces and mixed by stirring with a wooden spatula. The mixture was sieved using a
tea strainer into another beaker and subsample taken from it using Pasteur pipette while stirring.
A McMaster counting chamber was filled with the subsample and the number of eggs counted

under a microscope at X40 magnification.
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6.3.4. Egg hatch assay
The in vitro egg hatch assay method described by Coles et al. (1992) was adopted. A suspension

of 20 ul was distributed in three 96 well-flat-bottomed microtiter plates containing
approximately 100 fresh eggs per well and mixed with the same volume of plant extract having
different concentrations (500mg/ml, 250mg/ml, 125mg/ml, 62.5mg/ml and 31.25mg/ml). Four
other similar replicates of the plates were made to evaluate the effect of the plant extracts over a
three day period. In the control plates, levamisole and distilled water was added to the egg
suspension. Levamisole was used only at one dose level of 3.125mg/ml as a reference drug. The
eggs were incubated in this mixture for 48 hours at 27°C and 70% relative humidity. After 48
hours a drop of Lugol’s iodine solution (Reidel de Hae) was added to stop the eggs from
hatching. Hatched larvae (dead or alive) and unhatched eggs were then counted under dissecting

microscope.

An inhibition percent (%) of egg hatching was calculated for each extract concentration using the
following modified formula of Coles et al. (1992):

Inhibition (%) = 100 x (1-X1)/X;

where X; is the number of eggs hatched in test extracts, and X, is the respective number in

distilled water control.

6.3.5. Larval development and viability assay

The procedure used was a modification of the technique described by Hubert and Kerbouef
(1992). Aliquots of 150 pl of a suspension with about 100 eggs per well and 20 ul of filtrate
obtained by faecal washing during egg recovering were distributed to wells of a 96-well flat-

bottomed microtiter plates. This suspension was supplemented with 30 ul of the nutritive
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medium described by Hubert and Kerboeuf (1984) and comprised of Earle’s balanced salt
solution (Sigma) plus yeast extract (Sigma) in saline solution (1g of yeast extract/90 ml of saline
solution) at a ratio of 1:9 v/v. The plates were incubated at 27°C and 70% relative humidity.
After 48 h, 200 pl of the plant extracts at same concentrations as mentioned levamisole and
distilled water (control) were added to respective plates. There were four replicates for each
extract concentration and control. The plates were further incubated for 5 days (total of 7 days),
further development was stopped by addition of one drop of Lugols iodine solution. All L1 and
L3 larvae in each well were counted under a dissecting microscope. The percentage of
development was calculated as the ratio: number of L3/total number of larvae. The percent

mortality was calculated from an average of the four replicates.

6.3.6. Statistical analysis

The data from egg hatch assay/test and larval development assay/test were transformed by probit
analysis against the logarithm of extract concentration using SPSS for Windows version 14.02
(SPSS Inc., ©1989-2005). The extract concentration required to inhibit 50% (LDsp) egg hatching
and 50% (LCsp) larval development were calculated after correction for natural mortality by
probit analysis. The comparisons of mean percentage of egg hatching and larval development
inhibition at different concentrations with the control, was done by one way ANOVA. All
statistical analyses were performed by SPSS for Windows version 14.02 (SPSS Inc., ©1989-
2005). The post hoc statistical significance employed was the least square difference (LSD), the

difference between the mean were considered significant at P < 0.05.
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6.4. Results

6.4.1. Egg hatch assay

The result showed that the crude aqueous extracts of the experimental plants inhibited egg hatch
of gastrointestinal nematodes at different concentrations as shown in Table 6.1. At
concentrations of 500ml/ml, poultice paste of C. papaya seeds and T. vogelii leaves and dried
leaves of T. vogelii and C. papaya seeds showed efficacies greater than 95%. The LCs, for egg
hatch inhibition were highest for dried and poultice paste of C. papaya seeds as shown in Table
6.3. Both dried and poultice paste of C. papaya leaves showed the lowest egg hatch inhibition
among the extracts. Very low effects were recorded for distilled water control group. Increasing
the concentration of the extracts caused a dose dependent significant (P < 0.05) decrease in egg

hatch for all the extracts tested.
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Table 6.1: Percentage inhibition of egg hatching + SD for the different plant extracts compared to levamisole positive control and the

distilled water negative control

Percentage Inhibition of Egg hatching (%) £ SD

Poultice paste (Set 1)

Concentration C. papaya C. papaya seeds T. vogelii leaves T.villosa leaves ~ Levamisole — Distilled
(mg/ml) leaves 3.125mg/ml water

500 57.8 +3.30 99.5+0.58 95.8+1.71 93.2+0.91 100.00 +0.00 1.3+2.03
250 28.0 £ 6.06 83.5+1.29 68.3 +2.22 67.3+2.99

125 16.0 £ 4.97 72.3+4.57 52.3+4.19 55.5+4.44

62.5 6.2 +3.26 58.7 £5.03 36.7 £5.05 36.1+5.54
31.25 3.4+219 37.8+4.11 249+412 21.3+2.10

Dried (Set 2)

500 59.5+342 99.0+0.82 95.8+1.71 87.0+3.16

250 32.3+2.99 82.5+2.89 77.8+2.36 60.3 £ 4.57

125 19.8 £ 5.06 75.3+3.78 66.3 = 3.60 47.8 +2.99

62.5 9.9+247 62.1+3.90 41.3+3.90 28.4 +4.97
31.25 6.9 + 2.62 35.5+4.79 29.7 £ 6.88 19.9+4.29

SD = Standard deviation
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6.4.2. Larval development inhibition

The average efficacy of the decoctions to inhibit larval development is show in Table 6.2. The
larval development inhibition of poultice and dried C. papaya and T. Vogelii were higher than
98% at concentration of 500mg/ml. There was no significance difference between poultice and
dried C. papaya and T. Vogelii for larval development inhibition at 500mg/ml (P > 0.05). The
minimum larval development inhibition was recorded for distilled water with a mortality rate of

1.3+4.03%. The LCs, for larval development are shown Table 6.3.

Both poultice paste extract and dried extracts showed a dose dependent activity against both egg
inhibition and larvae development inhibition for gastrointestinal nematodes. However, the
overall performance of the dried extracts was better than that of the poultice paste extracts of the

same extract.

101



Table 6.2: Percentage larval inhibition + SD for the different plant extracts compared to levamisole positive control and the distilled

water negative control

Percentage Larval Inhibition (%) £ SD

Poultice paste (Set 1)

Concentration  C. papaya C. papaya T. vogelii T. villosa Levamisole — Distilled water
(mg/ml) leaves seeds leaves leaves 3.125mg/ml

500 63.0 £ 2.58 99.5+0.58 99.0+1.41 81.8+2.99 100.00 = 0.00 1.3+2.03
250 39.5+4.04 78.8+2.22 78.8+2.50 52.8 + 3.86

125 23.3+3.59 71.8+£2.50 69.3 +2.63 41.0 +3.65

62.5 14.9 +4.87 54.6 £4.92 52.1+4.34 33.4+3.18
31.25 51+421 42.1+3.11 35.6 +3.92 22.4+2.99

Dried (Set 2)

500 60.1 +2.08 98.8+0.50 98.3+0.96 86.8+4.35

250 38.0£4.97 84.0+3.16 77.5+4.20 59.0+3.16

125 20.3+3.78 78.5+£1.83 68.5+3.11 46.0 +2.45

62.5 11.2+2.99 59.8 +£5.16 48.9 + 3.55 28.1+4.78
31.25 9.3+5.40 47.9 +5.23 40.5+6.18 17.6 £6.10

SD = Standard deviation
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Table 6.3: LCs and regression values for egg hatching and larval development of the plant extracts

Preparation method Plant extract LCso 0N egg LCL-UCL on LCso on Larval LCL-UCL on
hatching egg hatching development Larval development
Poultice paste (Set 1)  C. papaya seeds 49.94 22.90 - 76.25 49.32 10.68 - 87.87
T. vogelii leaves 96.92 49.37 - 167.26 57.94 24.15-92.80
T. villosa leaves 101.45 65.98 - 148.51 159.09 83.59 - 321.35
C. papaya leaves 431.32  386.74 - 490.73 335.00 271.11 - 440.89
Dried (Set 2) C. papaya seeds 48.81 20.11 - 76.60 38.36 12.98 - 62.36
T. vogelii leaves 73.32 60.61 - 86.63 56.07 16.73 - 96.80
T. villosa leaves 131.78  110.40 - 157.90 138.80 116.84 - 165.92
C. papaya leaves 417.83  327.24 - 584.32 386.54 30.18 - 541.05

LCL — Lower Concentration Limit, UCL — Upper Concentration Limit
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6.5. Discussion

This study demonstrated the existence of biologically active compounds with ovicidal and
larvicidal effects in the plant extracts on gastrointestinal nematodes, even after heating for 1
hour. The lower activity of dried and poultice paste of C. papaya leaves on egg hatching and
larval development may be attributed to lack of ovicidal or larvicidal action of the metabolites or
the alteration of these compounds by heating. Marie-Magdeleine et al. (2009) suggested that
heating could potentially denature bioactive molecules, thereby influencing the anthelmintic
activity of aqueous extracts of Cucurbita moschata. The study also showed that both the poultice
paste extracts and the dried extracts of the plants evaluated showed a dose dependent egg
hatching and larval development inhibition at tested concentrations. The probable reasons for the
observed minor differences between the poultice paste extracts and dried extracts could be due to
similarity of the solubility and the bioactive active constituents. Extracts from C. papaya seeds
and T. vogelii leaves showed dose-dependent inhibition at lower concentration compared to other

extracts.

In vivo studies have showed the potency of crude aqueous extract of C. papaya seeds against
helminths in Sheep (Hounzangbe-Adote et al., 2001Ameen et al., 2010) and Goats (Fajimi et
al., 2005) and poultry(Ameen, 2012). Incorporation of C. papaya leaves into goat feed resulted
in increased feed intake and decrease egg per gram (EPG) in the feaces in vivo as well as in vitro
(Daryatmo et al., 2010). Previous in vitro studies have showed anthelmintic effect of ethanolic
extract of C. papaya seeds (Hounzangbe-Adote et al., 2005). Other studies on non ruminants
have also indicated potential anthelmintic effects of C. papaya latex and seeds on helminths in

mice, rats, pigs and poultry (Satrija et al., 1994; Satrija et al., 1995; Sapaat et al., 2012; Bi and
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Goyal, 2012). The anthelmintic activities of C. papaya seeds extracts are associated with the
presence of Benzyl isothiocyanate (Kermanshai et al., 2001). Toxicity studies show that C.
papaya seeds and leaves are considered safe for livestock and human consumption due to their
low contents of oxalate and alkaloids compared with other commonly consumed food products

(Adeniyi et al., 2009; Halim et al., 2011).

Crude aqueous extract of T. vogelii have shown significant activity against Ascaridia galli in
indigenous chicken both in-vitro and in-vivo (Siamba et al., 2007). There is no scientific
evidence of the in vitro or in vivo anthelmintic activity of T.vogelii or T. villosa extract in
ruminants. However, anthelmintics effect of these plants could be attributed to the presence of
alkaloids, tannins, rotenoids and flavonoids constituents of the leaves (Marston et al., 1984;
Ekpendu et al., 1998; Madhusudhana et al., 2010; Ahmad and Khan, 2013). Larvicidal and
ovicidal effects of plants with these compounds against gastrointestinal nematodes have been

reported in previous studies (Lateef et al., 2003; Siamba et al., 2007).

The extraction of plants in in vitro condition is not always comparable to those in vivo and as a
result the outcome of the two assays can differ (Athanasiadou et al., 2001). In vitro tests only
provide means for rapid screening for potential anthelmintic activities of plant extracts. The
results therefore remain indicative and have to be confirmed through in vivo studies with
experimental nematode infections in target host species. The potential of the plant aqueous
extracts in this study to inhibit egg hatch and larval development may provide an alternative low-

cost method for helminths control, since the plants are available all-year round in Kenya.
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6.6. Conclusion

Based on the result of this study, it can be concluded that T. vogelii, T. villosa, C. papaya leaves
and seeds in form of crude aqueous extracts have anthelmintic activity in vitro against
gastrointestinal nematodes of sheep. Based on the LCs, the most potent decoction was that of C.
papaya seeds for both egg inhibition and larval development inhibition. These studies suggest
that these plant extracts could form an alternative to commercially available chemical
anthelmintic drugs. In view of these findings, further research may be carried out for
phytochemical screening and toxicity in order to exploit and verify the use of these plants as
crude anthemintic agents. There is need to develop standardized methods for preparations for
plants with good anthelmintic activity and formulate best alternative herbal preparation to

replace or compliment the chemical anthelmintic drugs currently in use.

106



CHAPTER 7
GENERAL DISCUSSION AND CONCLUSION

7.1. Background to the research

Organic production in Kenya is dominated by smallholder farmers practicing mixed farming. To
date, in Kenya only the crop enterprises are certified as organic all certified farms. Nevertheless,
most of such farms have dairy cattle among other livestock to diversify and maximize returns
from their limited land and capital, minimize production risk, and provide food security. Organic
farming principles demand a holistic production management system on whole farm. However,
challenges in integrating organic dairy production into crop farms have reduced benefits of
organic production to farmers through failing to meet demand for organic dairy products
especially in Nairobi (Kledal et al., 2009; Bett and Kiarie, 2013). The result is that emerging

organic restaurants and markets offer uncertified “organic” livestock products.

Integration of organic dairy production in crop certified smallholder farms with dairy cattle is
one of the ways of achieving a balanced ecosystem within the smallholder farming system and
meeting the growing demand for organic dairy products in Nairobi. To effect this integration, its
potentials challenges and prerequisites needed assessment and comprehension. Alternative
strategies for smallholder farmers to enhance integration of dairy cattle in their farms need to be
expressed within the scope of what is possible, among potential practices. Comprehension of the
system will enable development of innovative strategies for integrated organic crop-livestock

systems.
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This thesis addressed four major scientific questions related to integration of dairy production in
smallholder farms. They included:
1. What are the challenges that certified crop farmers face in integrating organic dairy
production in their farms?
2. How does dairy cattle management, health and welfare in certified organic farms
compare to the accepted standards of organic dairy production?
3. What are the possibilities for certified crop farms to fully integrate dairy cattle production
into the organic system?
4. Are the plant extracts used by some farmers for the management and control of helminths

an effective alternative to synthetic veterinary drugs?

Questions 1, 2, 3 and 4 were answered in chapters 3, 4, 5, and 6, respectively. In this section,
therefore the research approach, the discussion of the major findings and their implication on

integration of dairy production in smallholder farming systems are highlighted.

7.2. Research approach

The study was based on a participatory approach that involved a close interaction with
stakeholders in the organic sector and adopted a strategy where the outcomes of one phase fed
into the decision about the details and focus in the next phase. This allowed for a process where
stakeholders contributed to decisions made at every stage of the study. Since organic livestock
production was not widespread among the stakeholders, participatory research was selected to
provide an opportunity for those involved in the research to learn as the research was being

conducted. Before the study was conducted, information on certified organic producers was
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sought from KOAN and COSHEP. Stakeholder meetings were held to explain the objective of
the project to the farmers and to ensure that they were involved in the process from the initiation
phase. Documentation on the farmers contacts, crops produced, location and registration status

were done prior to the field visits.

Next, an exploratory survey was conducted to identify the challenges, practices, conditions and
issues of potential importance to dairy production on crop certified organic farms (chapter three).
Direct interviews based on a pre-tested questionnaire (annex 1) were used to collect the
information. Exploratory survey was effective in collecting the limited information available on
organic livestock production systems in Kenya and provided the flexibility needed to explore
areas of future research (Polonsky and Waller 2005; Cooper and Schindler 2006). Thus the goal
to gain better understanding of production systems of certified farms and provide the background

for the longitudinal study was met.

Based on the need to understand the production system in details, available resources and
logistical considerations, a longitudinal study was conducted on twenty four farms selected from
Kiambu and Kajiado counties (chapter four). The longitudinal study evaluated the management
practices, as well as the animal health and welfare in the farms. Information obtained during the
longitudinal studies was also used to evaluate the feasibility of converting the smallholder farms
to organic production based on the multi-criteria methodology of the Organic Livestock
Proximity Index (chapter five). The longitudinal study was designed to allow for the repeated
observation of management practices in the farms. A laboratory study to evaluate the efficacy of

crude aqueous plant extracts used by farmers against gastrointestinal nematodes was conducted
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to validate their use in ethno-veterinary medicine among some farmers in Kenya (chapter
six).The use of multi-method research design provided qualitative and quantitative data from

different sources which added rigour to the research.

7.3. Organic production system

An organic production system is can be defined as “a holistic production management system,
which promotes and enhances agro-ecosystem health, including bio-diversity, biological cycles
and soil biological activity. It is based on minimal use of external inputs (off-farm), avoiding the
use of synthetic drugs, fertilizers and pesticides and aims at optimizing the health and
productivity of interdependent communities of soil life, plants, animals and people”’(EAOPS,
2007). The system is based on an understanding of the ecological processes that promote nutrient
cycling, optimize plant and animal health, and increase resource efficiency in agricultural
ecosystems. Farming systems that actively follow organic principles are considered organic,
even if the agro-ecosystem or the farm is not formally certified as organic (Scialabba, 2007).
This study mainly focused on the certified crop enterprises with dairy cattle in two counties in

Kenya (Kiambu and Kajiado County).

‘Organic production’ on the farms studied was only viewed as linked to an enterprise, that is,
crop production, and not a way of thinking and organizing the whole production system. The
concepts of organic production are defined within the framework of the four principles for
organic production: ecology, care, health, and fairness (IFOAM, 2014). These principles are
expected to be used as a whole in management of organic farming systems. Based on the
definition of organic production in the EAOPS, it is expected that practices within an organic

farm should aim at optimizing the health and productivity of interdependent communities of soil
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life, plants, animals and people. This implies that within an organic production system both the
soil, plants, animals and people must be viewed as interdependent communities. The principles
of organic production should therefore be used in organizing the whole system and not only a
part of the system. Based on this view, a farm with only one enterprise certified as organic

cannot be considered organic, since the whole production system is not organic.

In all the farms, only the crop enterprises were certified organic despite the fact that most of the
farms had dairy cattle and other livestock. This was because of integration of organic dairy
production was a challenge. One of the main reasons identified by the farmers for keeping dairy
cattle was to provide manure for the organic farms (chapter three). This was an indication that
the dairy cows contributed to the crops within the farms, and that it was beneficial for the
farmers to integrate cows into the farming system. Organic farms are built on an idea of closed
cycles, which is often challenged by the fact that plant and animal products are exported from the
farm to the food market. In this way the animals through manure, contributed to a nutrient
balance through consumption of feed resources from outside the farm. On the contrary, as will be
seen below, the management of dairy cows was not based on organic principles in many farms
(chapter four). If the whole production system is to be considered organic then both the crop and
dairy components on the same farm should be managed based on organic principles and
guidelines. In the existing systems, they are regarded as entirely different components within the
same farm; because one component applies the organic standards while the other (the livestock)
does not. Certification of the farms only focussed on inspecting a single enterprise within the
farm and hence did not require that crop and livestock within the same farm be managed based

on the organic principles.
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At the same time, the East African Organic Production Standards contain some paradoxes and
compromises, to which some solutions need to be found. For example, the conditions for
management of animals used as draught animals in organic crop production are set in a way so
that crop land is in risk of being contaminated with acaricides. The plant products from these
farms can still be sold as ‘certified organic’ even though the farming system is not entirely
organic. As a result, most of the certified crop farmers may not find it necessary to consider

changing management of livestock in their farms to meet the organic principles.

7.4. Integration of dairy cattle in certified crop farms

Integrated agricultural production systems are agricultural systems with multiple enterprises that
interact in space and/or time and the interactions result in a synergistic resource transfer among
enterprises (Hendrickson et al., 2008). In this respect, integration usually occurs when outputs
(usually by-products) of one enterprise are used as inputs by another within the context of the
farming system. When farming activities are treated as interdependent entities rather than being
viewed as isolated enterprises synergies and complementarities among the enterprises can be
realized. Mixed farming systems, in which crops and livestock are integrated on the same farm,
are widespread in rain-fed agriculture in Sub-Saharan Africa (Lenne and Thomas, 2006). The
farms in the study were all mixed farms with certified crop enterprises and dairy production.
Most of the land owned by farmers in both counties was allocated to crop production (chapter
four) and the land was mainly used to produce high value horticultural organic crop like
tomatoes, kales, spinach, and cauliflower. Most of the feed requirements in Kiambu County were
met through purchase of feed from other farms (74.1%) while in Kajiado, more of the feed was

produced on farm (57.1%) (Chapter four). However, feed purchase became a common feature of
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farms in both regions during the dry season. Due to small land sizes in both regions it is not
possible to meet the feed requirements of the dairy cows from the limited land resources. The
farm land sizes were small, partly due to high population density, inter-generational inheritance
of land (subdivision and fragmentation), and the rapid growth of the city of Nairobi into these
areas (Mabiso et al., 2012). This poses a challenge to integration of organic dairy production in

smallholder certified farms.

Hall et al, (2008) identified the inability to provide sufficient quantity and quality of feed to
livestock on a consistent basis as the main constraint facing small scale farmers in smallholder
mixed farming system, pastoral and agro-pastoral production systems in East Africa. Farmers in
this study also identified feed as a major challenge to conversion and integration of organic dairy
production (chapter three). Integration of organic dairy production in smallholder farms will
have implications on the feeding regime and source of feed for the cows. Maintaining access to
adequate quantity and quality of organic feed resource is crucial for organic dairy production in
smallholder farms. Currently, smallholder farms do not have the capacity to produce all the feed
required for dairy production. Feed for organic livestock must therefore be sourced from other
organic farms to enable smallholders integrate organic dairy production. Integration of organic
dairy production will therefore require a step wise approach that involves setting up systems that
guarantee supply of quality organic feeds to converting farmers. One of the solutions to lack of
organic feed could be to develop collaboration between organic farms, where one category of
farmers produce organically certified feed for smallholder dairy farmers and such farms could
also benefit from the smallholder farms by obtaining manure. Other strategies that could

guarantee consistent feed supply throughout the year may include widening the feed resource
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base, increasing acreages of fodder for those with larger pieces of land and promoting feed
conservation within the farms to ensure consistent supply of feeds. This may be possible only in

a very few farms in the study area.

7.5. Dairy cattle management in smallholder farms

Smallholder farmers intensify dairy production by keeping exotic breeds in zero-grazing units to
meet the increasing demands for dairy products and sustain livelihoods from limiting production
resources like land, capital and labour (Bebe et al., 2008). Smallholder farmers prefer potentially
high yielding genotypes (Bebe et al., 2003) despite the policy recommendation for genotypes
with reduced nutritional demand, adaptability and high production efficiency in smallholder
production systems (Kahi et al., 2000; Wakhungu, 2000). Integration of organic dairy production
in smallholder farms will require changes in animal health management. These changes will
mainly be characterized by a move to preventive management which will require that breeds
with better resistance to diseases with higher incidences within the smallholder production
systems. Integration of organic dairy production implies that routine practices like spraying
against tick infestation and de-worming that are common in smallholder farming systems in this
study will need to be avoided (chapter 4). The greatest challenge in avoiding the use of
anthelmintics is that helminths are considered a major constraint to dairy farming among the
smallholder dairy farms in Kenya (Gitau et al., 1994; Maingi and Njoroge, 2010). Consequently,
farmers have resorted to use of plant extracts whose efficacy in controlling worms and ticks are
unknown. A validation of study of the in vitro anthelmintic activity of aqueous extracts of
Tephrosia vogelii Hook., Tephrosia vellosa Pers. and Carica papaya Linn. leaves and Carica
papaya Linn. seeds which were documented to be used by some farmers showed that these plant

extracts could form an alternative to commercially available chemical anthelmintics drugs
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(chapter six). However, further research is required in order to exploit and verify the use of these
plants as crude anthelmintic agents and develop standardized methods for preparations for plants
with good anthelmintic activity and formulate best alternative herbal preparation before they can
be used to replace the chemical anthelmintic drugs currently in use. Development of alternative
and sustainable solution to reduce such risk is required to ensure that losses resulting from pest

and diseases are greatly reduced.

Disease prevention in organic livestock production is based on multifaceted approaches that
require the farmers to have appropriate knowledge and skills on animal husbandry practices
based on the principles. The organic principles recommend that disease management should be
based on the choice of appropriate breeds or strains of animals; the application of animal-
husbandry practices appropriate to each species, encouraging strong resistance to disease and the
prevention of infections; the use of good quality organic feed, regular exercise, and access to
pasture or runs in the open air and maintaining an appropriate density of livestock. Despite the
fact that the use synthetic veterinary drugs or antibiotics are permitted if preventive and
alternative practices are unlikely to be effective in curing sickness or healing an injury,
improving the level of animal management and improving the immunity of the animals to
disease, many problems can either be prevented or detected in the early stages of development
and effectively treated with alternative remedies without the need to routinely use conventional

medicines.

Dairy cattle management is smallholder farms should focus on ensuring that the health and

welfare of the animals are sustained. This requires considerable management skills and
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stockmanship. In study of on welfare of dairy cattle in smallholder production systems in Nairobi
and its environs, Aleri et al. (2012) reported that farmers and stockmen in smallholder farms had
poor perception of animal welfare matters and poor attitudes towards animals. Smallholder
farmers will require additional skills on good welfare practices and resources to ensure that
animal health and welfare are not compromised. This is because the living condition of the dairy
cows is entirely dependent on the decisions made by the farmers and the stockmen. For
example, in all the farms studied only one provided bedding for the cows yet the flooring for the
most of the units were made of concrete. The presence of comfortable bedding influences cow
resting behaviour positively by encouraging them to lie frequently on it and hence reduce the
long hours of standing, which subsequently minimizes the risk of lameness (Nguhiu-Mwangi et

al., 2008; Rutherford et al., 2009), thus enhancing welfare of the cows.

The farm organization and animal structures within the farm have an impact on animal health
and welfare. All the dairy cattle were zero-grazed (chapter four). Most of the structures were
small with concrete flooring that did not have bedding and the stocking densities of dairy cows in
some farms were high (chapter four). To meet the welfare needs of the dairy cows, the farmer
must make changes in the animal structures or build new one to accommodate the natural
behaviours of the cows since the restrictiveness of housing types and structures affects the cows’
behavioural patterns (Kiellard et al., 2009). The goals of organic principles are that dairy
animals should be managed in a way that allows the expression of natural behaviour and
according to their natural behavioural needs. The EAOPS permit, bringing fodder to the animal if
it is a more sustainable way to use land resources than grazing. Under such conditions regular

outdoor runs or possibilities for grazing must be provided for. However, the standard does not
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provide the details concerning amount of space required for regular outdoor run. The smallholder
farms will have to make provisions for regular outdoor run even if zero-grazing will be used to
manage the dairy cows. This may require additional land for dairy production if land is available
or in cases where more land is already allocate to a crop enterprise then a trade-off between crop
production and dairy production need to be made to provide space for regular outdoor run for
dairy cattle. To be able to provide space for regular outdoor run farms with very small land sizes
may find that conversion is too expensive (land wise) and probably without commensurate
returns. Such farms need to make additional investment on more land to be able to comply with
the organic dairy production requirement without which conversion in such farms would be
impossible. Other factors requiring consideration in most farms include the provision of suitable

structures and space for regular outdoor runs to ensure cow comfort.

7.6. Conversion of smallholder farms to organic production

Conversion to organic production is mainly defined through regulation and standards. It involves
the application of organic to parcel and animal for a given period set by the certifying agency or
organization. During the conversion process each farm unit requires careful assessment of the
resources available and the interaction between components of the systems. The transformations
during conversion are expected go beyond the technical level and concern farmers’ conceptions,
values and inscription in social networks (Lamine and Bellon, 2009). The main challenges, if the
livestock was to be converted to comply with the organic standards, according to the farmers in
both counties covered by the study include; lack of organic input to control pest and diseases,
lack of organic feeds and lack of market for organic livestock products (chapter three). During
the assessment of the farms to evaluate their proximity to organic production, similar challenges

were also observed (chapter five). Therefore, all farms have to make major adjustments to be
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able to change the whole farm to organic. This implies that conversion of smallholder farms will
require major changes on nutrition management, disease prevention, animal welfare management
and marketing. To make these changes farmers need awareness of requirements and knowledge

for organic principles and rules.

Lack of knowledge on organic dairy production practices was also identified as one of the
challenges to conversion and integration of the dairy enterprises (chapter 3). Training is therefore
essential because organic dairy production requires complex knowledge that encompasses
different components and elements within the system and their interaction. Currently, extension
services on organic production in both areas of the study was done by COSHEP and KOAN and
mainly focused on crop production. The private and government extension services have not
focused on organic production mainly because it is not a priority at the national level. There has
also been low demand for such services since the extension policy in Kenya is demand-driven.
Extension services fulfil an important role in providing a link between researchers and farmers
and help to ensure the relevance of research undertaken and subsequent dissemination of results.
There is need for researchers, government extension departments and organic organization to
develop extension messages for certified farmers to provide them with information on organic
dairy production and the basic requirement for certification of dairy enterprises. This will make it
possible for the farmer to consider the changes proposed and make decision on whether to

convert their enterprises or not.
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7.7. Organic production standards

The organic standards provide the basic requirement for conversion of an agricultural enterprise
to organic. In many cases, organic standards are developed to serve the interest of markets most
of which are in developed countries where the products are exported.

The EAOPS does not provide the detailed requirements for key parameters that are essential for
conversion. For example, the standard does not provide details on the specification for space
requirements for organic livestock production and only require that animals have sufficient space
for free movement, according to their natural behaviour. However, EnCert, the accredited
certifying body for organic products in Kenya, that uses the EAOPS as a basis for certification,
gives details on the requirement for conversion of livestock enterprises.

Based on the certification requirements, organic dairy farms are expected to have a maximum of
two dairy cows per hectare, indoor areas of 6m? per cow, outdoors areas (exercise area,
excluding pasturage) of 4.5m® per cow and feed 60% of dry matter from organic sources
(EnCert, 2009). The average size of land in both counties in the study was less than 2 hectares.
The same parcel of land was also used for crop production as well as other functions (chapter
three and four). It is unlikely that smallholder farms will meet these requirements relating to
expected number of dairy cows per hectare and provide the outdoor and indoor space
requirements per animal. The organic standard allows animals to be fed on carried fresh fodder if
it is @ more sustainable way to use land resources than grazing. In situations where feed is carried
to the animals, farmers may only need to provide additional 10m? (6m? for indoor space and
4.5m? for outdoor run) per animal. This additional space is achievable in most smallholder farms
provided organic feed for the animal is available. This is because the trade-off between dairy and

other activities within the farm that compete for the same land in small. This amount of space
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probably is still inadequate. The foundations for these details may be derived by certifiers from
existing international certifying bodies and consequently require domestication if they are to

receive widespread acceptance among smallholder producers.

The EAOPS recognizes that organic agriculture is dynamic and makes provision for revision to
incorporate on new knowledge continuously being generated. A review of the standard may need
to be done to incorporate some key characteristic of smallholder farming systems that are
unlikely to change and make it possible for smallholder dairy farmers to convert to organic dairy
production. Such adjustment in the certification requirements must not compromise the

principles of organic production.

7.8. Conclusions and recommendations

This study showed that integration of dairy production in smallholder dairy farms provided
manure for organic crop production, increased farm income from milk sales and enhance
household food security. However, this study also pointed to the following challenges for
smallholder farmers to converting their dairy cows to comply with organic standards, and
making the integration of certified organic milk an attractive and promising business opportunity
for smallholder farmers in Kenya:
- Certified organic feed is currently not available, and most smallholder farms cannot grow
enough feed on their farms to provide the cows with home-grown feed. Most farmers
relied on feed partly supplied from outside the farm, e.g. purchased feed from other

farmers, and feeds sourced from roadsides, which are not organically certified;
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- Auvailable housing structures for dairy cattle in most smallholder farms are small and the
dairy cattle are not provided with outdoor access to allow free movement for the animals;
- Farmer’s lack organically accepted inputs for management of pest and diseases

- Smallholder farmers lack knowledge and skills on organic dairy production practices

The study recommends that;

Strategies should be put in place to ensure sufficient (quality and quantity) supply of

certified organic feed to the farmers integrating organic dairy production in their farms;

- Structural adjustments on the cow housing need to be made on the certified farms to
provide for the welfare needs of the animal; certification needs on space and structures
need review to enable relevance and domestication.

- More investment should be put in research to develop alternative management strategies
or organically accepted inputs for management of pest and diseases which are a major
challenge in smallholder farming systems and

- Agencies involved in promotion of organic production should provide training and

extension services for farmers to address challenges in the organic value chain
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Annexes

Annex 1: Exploratory Survey Questionnaire

QUESTIONNAIRE

Introduction

Certified organic farmers in Kenya face major challenges with regard to harmonization and
successful integration of organic animal husbandry into the whole organic production system.
However, the inclusion of livestock forms an integrated system with harmony between the land,
the animals, and the people especially among the certified smallholder farmers who do not
require external inputs for organic crop production. This survey aims at evaluating the challenges
and opportunities of organic dairy production within the local context and evaluating the
conditions, knowledge, attitudes and constraints to adoption of organic livestock production

practices in certified organic farms.

The information generated during this survey will be used to develop sustainable strategies to
enhance the integration of organic milk production in certified organic farms. This will enable
livestock and crops to be produced within a coordinated framework to enhance farm

productivity.

This survey is part of a PhD study and the result obtained during the study will be communicated

back to the stakeholders at the end of the study. The study is part of the ProGroV project whose
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major objective is to increase agricultural productivity and development of agribusiness for
economic growth, improved livelihoods and sustainable development in Africa.

A) IDENTIFICATION

Questionnaire number: .................. Date: ............. Time of interview: .....................
GPS of household: Lat............... Long.......oovvvvinnnnn. District: ...ooviiiiiii e,
Location: ..........coevviviiiinnnn.. Sub-location: ....................... Village: .....cooviviiiiinn.
Name/ Contact Of fArMET: .......oei e

B) DEMOGRAPHIC AND HOUSEHOLD INFORMATION

No | Questions Coding categories Skip to

1 Gender Female: ..., 1
Male: ....oooviiii 2

2 Position in the household Household head: ........................ 1
Spouse: ..o 2
Daughter: ............cooiiiiiiinn. 3
Son:..coi 4
Other......ovvviii i, 5
(Specify)

3 Marital status Single: ..o 1
Married: .....oooviiiii 2
Divorced: .....ooooviiiiiii 3
Widow/widower: ....................... 4
Other: .....coooviiiiiiii 5
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(Specify)

Age AeIN Years: ..oovvvvviieiiiiineannannn.
Level of education NONE: .oviiiiiiiii e 1
Primary: .........ooooiiiiii 2
Secondary: ..........cooviiiiiiiiiin.n. 3
Tertiary: ...oovveeiiiiiiiiiiiiieeenns 4
University: ....oovvvviviiiinnieninnnn.n. 5
What is your main source of income? Farming: ................coooiii. 1
Employed: ..., 2

Business other than farming: .........3

Family Size 1-3person(s)....c.eeveeieiinniannennnn. 1
A-OPETSONS. ..evveeereenreeneannnannn. 2
T OrMOTE..cuuieeiie e eeiieennn, 3
Age in years of family members Males
Lessthan 18 ...........ocooiiiiinnn, 1
18-35. 2
36-50. . i 3
OverS50....cooviiiiiiiiiiii, 4
Females
Lessthan 18 ..................conil 1
18-35 2
3650 i 3
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C) ORGANIC CERTIFICATION

No | Questions Coding categories Skip to
9 Is your farm certified as Organic? Y S i 1
NO: e, 2
10 | When was your farm inspected for the time?
Date: oo
11 | Were you certified as an individual organic | Individual: .............................. 1
producer or as a group?
Group: ..ovviiii 2
12 | If certified as a group, what is the name of | Group Name: .............................
YOUr groUP?
13 | What is the size of your farm that is certified
organic?
Size of farm in acres: ...................
14 | What changed in you farm after you were certified?

Record in detail
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D) FARM CHARACTERISTICS

No. | Question Coding category Skip to

15 | Location of the farm Rural..............oooiin, 1
Peri-Urban...................coue. 2
Urban.........cooovviiiiiiiiin, 3

16 | Land ownership OWN: o 1
Lease: .c.ovvvviviiiiiiiii, 2
Other: .......ooovviiiiiiiiiiiii, 3

(Specify)

17 | Topography of the land Flat..........ooooiii, 1
Undulating.........c..ccoooevinne. 2
StEEP. e 3
Verysteep.....ooovvvviiiiiiiiannn. 4

18 | Total Farm size (acres) N[V 0] o] R

19 | Total land proportion under crop production a)Ownland ........................
b) Rented land........................

20 | Total land proportion under livestock

production

21 | Total grazing land a) Notcleared.........................
b) Natural pastures...................
c¢) Improved pastures................
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22 | Do you grow improved pastures? Y S 1
NO 2
23 | If Yes, What types and species, List in order of | Grass (names
IMportance.
Legumes or forbs (names)
24 | Which multipurpose trees are included in your | Calliandra.....................e...e. 1
farming system? Gliricida..........coooviiiiiinn 2
Sesbania............cccevviiniiinnnnn, 3
Mulberry......cooovveiiiiiiiiiiin, 4
Albizia........coooviiiiiiii 5
Ficus(Mutuba)................... ... 6
Others.......coovvvviiiiiiiiinn, 7
(Specify)
25 | How do you finance your farming activities? Own capital: ...............oeeeeens 1
Finance institutions: ............... 2
Relative: .......coovviiiiiinnn. 3
Other: (Specify) ..c..oooveviinnnn... 4
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26 | What is your main source of labour Family: ...............oooiinl, 1
Casuals: ......coovviiiiiiiiiiinn, 2
Permanent staff: .................... 3
27 | Do you have any livestock on your farm? YS! o 1
NO: 2
28 | For how many years have you practiced Crop- | < 2years............oceeeereerennnnnns 1
livestock integration in your farm? 2-4 YeArS. .. it 2
O-7 YeATS...eeiiaieae e, 3
Others.......ccoovviviiiiiiiiiiin, 4
(Specify)
29 | What are the main reasons for integration of crops and livestock in your farms?
Record in details

30 | What problems/challenges | Parasites and diSEaSES: ........ccoervereeresieerivesiesiieanens 1
do you experience (have you | Lack of rain/ Water: ............cccccveveiieviivieiie e, 2
experienced) in livestock | Lack of feeds: ........cccccevveveiicie e 3
production? LOW Production: ........c.ccceevveveiieieee e 4
Lack of market for product: ............ccoeveviiicinee. 5
Labour SCArCIty: .....ccoeeveieeie e 6
Lack of INPULS: ....cccvveiieeicc e 7
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Breeding failure..........cccooooiieiiiie e 8
Lack of knowledge to improve management............ 9

Others (SPECIfY). ... euviiiieiii i

31 | How are you addressing the challenges above?

Challenge/ Problem

Solution (s)

E) LIVESTOCK PRODUCTION, MANAGEMENT, PRICES

i) Livestock numbers and herd structure

32 | Which species of livestock do you keep on your farm?
Species | Numbers Type Reasons for keeping
livestock
Local | Cross- | Exotic | Total | Organic (O)or |Sale (s), home
breed not organic | consumption (H) or
(NO) both (SH)
Cattle
Goat
Sheep
Pigs
Chicken
Turkey
Rabbits
Others
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33 | What is the number of the different category of livestock on your farm?
Species Number for each category | No. lost since January 2012
Cattle Bulls ....cccovvviinee.
Heifers......ccccceee....
Milking cows.........
Dry cows................
Calves.......cccccvvennenne.

Goat Boars.......cccooeee.
Does.....ccccvevieenne.
Kids..........cceee.e.

Sheep Male ................
Females............
Lambs................

Pigs Boars..............
Gilts.....cccceenee
SOWS....oveneee
Piglets.............

Chicken Hens (i) Layers: ..........

(if)Broilers: ..........

CoCKS .o,
Pullets.........ccccevenen.
Cockerels.................

Rabbits BUCKS.....coviiiie
DOES....ooiieieeee
Young rabbits.................

Others......cccevvveenee.

34 | What are the levels of production of the various livestock enterprises?

Livestock product Production e.g. | Amount sold Unit price
litre/day,
Milk
Beef
Live cattle
Goat meat
Pork
Eggs
Whole chicken
Mutton
Other (................
35 | Who owns the livestock on the farm? :




36

Gender roles in livestock production activities (tick where appropriate)

Livestock production activity profile

Gender

Women

Girls

Men

Boys

Land preparation and fodder planting

Collection of feeds/fodder

Feeding animals

Collection water for animals

Watering animals

Cleaning animal house/shed

Milking, record keeping

Marketing

Spraying and washing animal

Involvement in crop production

37

How do you breed your animals?

Natural service

Artifical Insemination

38

What is the cost of the breeding service?

Shillings.

39

How do you select a male for breeding purposes?

Record in details
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iii) Feeds, feeding and housing

40 | What grazing system do you practice on | Free range: .......cccceoeverenereneneseninnns 1
your farm? Herding: ..o 2
Confinement/Zero-grazing: ................. 3

Tethering......ccooeveveneiinee 4

OLherS.. .o 5

(specify)

41 | Which type of feed do you give your | Natural pastures: .........ccccconininnennns 1
animals? Improved pastures e.g. Napier grass: ..2
Pasture 1egumes: ..........ccoovvvveeeeiiennenn 3

SPECITY: oo

Crop resSidues .........cceeveveeveneneneniennenns 4

SPECIHTY .

Agro industrial by products................. 5

SPECIHTY .

Commercial concentrates.................... 6

42 | Do you conserve feed for your farm | YeS....coiiiiiiii e 1
animals? NO. ..t 2

43 | If yes, which conserved feeds do you | Hay bales........ccccooviiiiiiiiiiicinenen, 1
produce on your farm? Standing hay........cccceeveeveivieieece e, 2

SHAGE. ..o 3

Fodder banks..........ccccoovvneiiiiciinnns 4
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44 | If no, why
45 | Where do you source your feed from?
Record in detail
46 | What are the sources of water for your | Spring Water...........cccooevervnininsininennns 1
animals on your farm? TaP WALer.......eeieeieeceee e 2
Dam....oooiii 3
Bore hole........ccoooviiiii 4
OFherS.. .o, 5
(specify)
47 | How often do your animals access water for | Once a day........cccccvevvvveiiieiiiieiiesiieesinens 1
drinking? TWICE @ daAY....cccvviirevie e 2
OtherS.. .o 3
(specify)
48 | Do you house your animals? Y Sttt 1
NO..coiiiie i 2
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49 | If yes, where do you house them?

Temporary shelter..........cccoocevvvevvenenne. 1

Permanent shed/house.............ccccveuenee.

OtNErS.....ciiiieiiree e 3
(specify)

iv) Disease management

50 | How frequent do these diseases occur on your farm?

Infectious diseases Every month ..o 1
TWICE @ YEAm.....ccieieeie e 2
ONCE @ YEAI...ciiiiiiiiie e
OLherS.. .o, 4
(specify)
Parasites Every month ...,
TWICE @ YRAN...ci i 2
ONCE AYEA....cieiiieiiieeiee e
Others.....oovei e 4
(specify)
Nutritional/metaboloc disorders Every month ...,
TWICE @ YEAN....coiieieiiesieerieeee e 2
ONCE AYEA.....ccviiieiieee e
Others......cooviecee e 4
(specify)
Genetic disorders Every month ..o,
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TWICE @ YEAN.....ccieiecieieeiie e e 2

ONCE @ YEAI...ccciiieiiie e 3
OtNErS.....ciiiieiiree e 4
(specify)
51 | Which specific diseases/conditions have | MastitiS.........c..cccovveriviiviienivenesiiesnennn, 1
your livestock experienced in the last 1 year? | East coast fever........ccccccooeviviveivennnnne 2
SWINE TEVEN ... 3
Newcastle diSease..........cc.ccovvvrervrenen. 4
Mange/skin infection..........c.c.cccveenne. 5
Hoof/craw problems..........c.cccceeevenennen. 6
MilK fEVEr.....cooiiciec 7
Tick/fleas infestation.............c.cccvvvennee. 8
OtNErS.....cviiiieei e 9
(specify)
52 | How do you manage the diseases?

Disease/condition

Treatment/remedies used
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V) Record Keeping

53 | Do you keep records on your farm? XSttt 1
NO 2

54 | If yes, which type of records do you keep? Visitors book................... 1
Farm diary....................... 2
Financial records............... 3
Livestock inventory records...4
Production records............. 5
Treatment records.............. 6
Breeding records............... 7
Others........ccoovviiiiiiin. 8

('specify)
55 | How do you use the records kept at the farm?
Record details
56 If no, why ?

Record details




F) EXPERIENCE WITH AND PERCEPTION ON INTEGRATING LIVESTOCK WITH
CROP PRODUCTION

No. | Question Coding categories Skip to
57 | How does livestock contribute to your | Manure for the crop................cccooeuiii. 1
crop production? ‘
Crop wastes for animal feed.................. 2
Others.......c.oviiiiiii 3
(specify)
58 | What challenges do you face in managing livestock at the same time managing organic crops on
the farm?
Record details
59 | What measures do you have in place to ensure that the livestock rearing system does not affect
organic crop production on your farm?
Record details
60 | Have you considered managing your livestock using | Yes:.......ccooevviieiiiiniinnnnn. 1
organic practices? (based on organic principles)
NO: 2
61 | What challenges do you foresee in adopting organic | Lack of organic livestock
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livestock production on your farm?

knowledge .........ccccoeinnnii. 1
Small land size................ 2
Livestock feeding............. 3
Diseases......cccoevviniiennnn. 4
Lack of training............... 5
Lack of market ............... 6
Others......cccoovviiviinnnnnn. 7
(specify)

G) ORGANIC FARMING KNOWLEDGE

No

Question

Coding categories

Skip to

62

What is the source of your organic | Fellow farmers........cccccoovviiiiiiiiviieiiennn,

farming knowledge?

(specify)

TV Programmes........cccocveeviveeenieesnneesninens
Radio programmes..........ccccceevveresivesunennn.

OtherS. .o

63

What were the reasons for converting to | Fetch better/ premium prices: ................

organic

(specify)

Protect environment ..............ccceennnnnn.

Influence from neighbor........................
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64

Which organic animal management

practices are you familiar with?

Selecting appropriate type and species of

[IVESOCK. ... 1
Natural breeding.........cccccevevveiiiieieeen, 2
Non- use of feed additives.............ccccoen... 3
Provision of organic feeds.............ccccue...e. 4
Use non-synthetic remedies..............c........ 5
Provision of proper housing and space......6
Proper waste management...............cce...... 7

Non-use of antibiotics and other

conventional drugs.........cccecvevveiiieiiieiinnns 8

Record Keeping........cccoovvevvveveeiieeiie e, 9

OtherS. ..o 10
(specify)

65

What would you focus on to make your livestock production organic?

Record details

66

In what aspects can researchers work more closely with the farmers to improve

169




organic agriculture production?

Record details
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Annex 2: Baseline Farm Characteristics

Farm(er): ... CONTACES: L
Date: ...

Number of livestock in the farm at the beginning of the longitudinal study

Category | Number | Other livestock Number
Lactating
Dry cows
Calves
Bulls

Farm size and layout (sketch farm layout and map other farming activities)

Farm size: ....c.cocvvviviinniinnnnn Number of pieces: ....coviieiiiiiiiiiiiniieiiniciinnricennnnes
Farm layout (sketch)

List other farming activities and land allocation:

Farm structures (Document the structure used for the cattle)

Document the Dairy Unit (Pictures of unit as well as other structures are necessary).
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Lying area:

Number of cubicles: ........ccoovvieeeaa...

Flooring of cubicles: [ ]concrete [ ]wood [ ]sand [ ]soil

Calve rearing area:

Calving area available? [ ]yes [ ]no

Type of bedding: [Jstraw [ JOther: ..ccccooeiieiiecceeecee e,
Sick pen:

Sick pen available? [ ]yes [ ]no

Type of bedding:  []straw [ JOther: ..o,

Milking area:

Milking available? [ ]yes [ ]no

Measure and dimension of farm structures

Structure Length Width
(m) (m)

Lying area

Calve rearing area
Sick pen

Milking area

Mutilations

Horns? [ _]all horned [ ]all dehorned [ ] partly horned- Number horned:

Feeding/ watering places

Number of feeding places: ..........................

Size of feeding trough ... X m
Number of watering places: .........................

Size of watering trough ..................... X m

Document further observation on the feeding and watering places




Annex 3. Longitudinal study Questionnaire

DAIRY MANAGEMENT QUESTIONNARE
Farm: Dateof visit: .......coovviiiiii .

Cow’s ID

Productio
n
Am | Pm

CMT(+/-) | Density | BCS | D.Heat | D. Treated | Treatment against | Observation on the animal

Animal dynamics

No.

Category

Entry

Exit

Births

Comments/ additional notes
Purchases | Deaths | Sales

Calves

Dry cows

Lactating
cCows

Bulls
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Structure Cleanliness

Current state of lying area: [ Iclean [ ] slightly dirty [ ]dirty [ none
Current state of calf lying area: [ Jclean [ ] slightly dirty [ ]dirty [ ]none
Current state of sick pen: [ Jclean [ ] slightly dirty [ ]dirty [ ]none

Current state of milking area: [ Jclean [ ] slightlydirty [ ]dirty [ ]none

Current state of feeding trough: [ Jclean [ ] slightly dirty [ ]dirty [ ]none

OO WN|F

Current state of water trough: [ Jclean [ ] slightly dirty [ ]dirty [ ]none

Feed / concentrates on offer

Type Amount on | Source Price (if | Grazing/  Outdoor | Remarks
offer bought) run

Milking management

Washing of hands before milking: [ ]yes [ ]no
Washing of equipment before milking [ ]yes [ ]no
Does the farmer perform foremilking? [ ]yes [ Ino
Washing of udder before milking? [ ]yes [ Ino

Order of foremilking/ udder cleaning routine [_] foremilking before cleaning [ ] cleaning before foremilking
[ TJirregular [ ]just foremilking [ ]just cleaning [ ]nothing

Post-dipping of teats after milking? [ ]no [ ]spray [ Jeup .Detail what is used: ..........c.c.cccccvvvrrerirerernee,
Is post-dipping applied correctly? [ ]yes (at least 2/3 of the teat-length is covered) [ 1no
Have you changed the milkers (since our last visit)? [ ]yes [ Ino Reason for changing milker.......................

Record details based on observation




Annex 4: Daily Milk and Farm Occurrences Record

O
>
%
B
2
o
_|
>

Daily Concentrate | Total Sales/ day
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GENERAL HEALTH RECORD

DATE SYMPTOMS

DIAGNOSIS

TREATMENT
GIVEN

REMARKS

VACCINATIONS

DISEASE

DATE

DATE

DATE | DATE

DATE

DATE

FOOT AND MOUTH

BRUCELLOSIS

RINDERPEST

ANTHRAX

LUMPY SKIN DISEASE

RIFT VALLEY FEVER

MASTITIS

TREATMENT
(De-wormer)

DATE

DATE

DATE | DATE

DATE

DATE
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