
 
An analysis of large ruminant animal health & production 

data collected during ACIAR projects; ‘Best practice health 
and husbandry of cattle, Cambodia AH2005/086’ & ‘Best 
practice health and husbandry of cattle and buffalo in Lao 

PDR AH2006/159’ 
 
 
 

 

A thesis submitted for the degree of Master of Veterinary Public Health Management 
(MVPHMgt) 

May 2011 

 

 

 

James Young BVSc 

Faculty of Veterinary Science, University of Sydney, Camden, NSW 2570 

  



 MVPHMgt thesis - May 2011 - James Young BVSc!

2!
!

I declare that this dissertation is solely my own work. I have clearly stated and acknowledged 
where portions of the work reported in this dissertation were conducted by others. 

 

James Young BVSc  

June 2010 – May 2011 

 

 

 

 

 

 

Acknowledgements  

The author would like to acknowledge the assistance and guidance of Luzia Rast, Jenny-Ann 
Toribio, Peter Windsor, Navneet Dhand, Russel Bush, Doug Gray, Sothoeun Suon, Syeseng 
Khounsy, Sonevilay Nampanya, Project Staff from both Cambodia and Lao PDR, and 
ACIAR as the funding body. 

 
 
  



 MVPHMgt thesis - May 2011 - James Young BVSc!

3!
!

Table of Contents 
List of Tables and Figures ................................................................................................................... 5 

Abbreviations ....................................................................................................................................... 6 

Introduction .............................................................................................................................................. 8 

The Kingdom of Cambodia .................................................................................................................. 9 

Lao People’s Democratic Republic ................................................................................................... 10 

Objectives .............................................................................................................................................. 13 

Method ................................................................................................................................................... 14 

ACIAR Best practice project .............................................................................................................. 14 

Cambodia Villages ............................................................................................................................. 14 

Cambodia Interventions ..................................................................................................................... 15 

Lao PDR Villages .............................................................................................................................. 15 

Lao PDR Interventions ...................................................................................................................... 16 

Cambodia Data Collection & Management ...................................................................................... 17 

Lao PDR Data Collection and Management ..................................................................................... 17 

Data analysis ..................................................................................................................................... 17 

Weight gain analyses ......................................................................................................................... 19 

Reproduction, animal movement, animal use, body condition score (BCS) data ............................. 19 

Results .................................................................................................................................................... 20 

The Kingdom of Cambodia ................................................................................................................ 20 

Descriptive analysis of baseline production parameters ................................................................... 20 

Number of animals owned per farmer ........................................................................................... 20 

Cattle breed, sex & age ................................................................................................................. 20 

Bodyweight analysis ...................................................................................................................... 21 

Body condition score (BCS) ........................................................................................................... 21 

Use for draft ................................................................................................................................... 22 

Production parameter differences between villages and intervention groups .................................. 22 

Nutrition technology development ................................................................................................. 22 

Mean daily growth rate analysis ....................................................................................................... 22 

Reproduction .................................................................................................................................. 25 

Seasonal weight gain analysis ....................................................................................................... 25 

Multiple Linear Regression analysis of the growth rate during period 5 ......................................... 26 

Evaluation of model assumptions .................................................................................................. 29 

Clustering ...................................................................................................................................... 29 

Lao Peoples’ Democratic Republic ................................................................................................... 30 

Descriptive analysis of baseline production parameters ................................................................... 30 



 MVPHMgt thesis - May 2011 - James Young BVSc!

4!
!

Number of animals owned per farmer ........................................................................................... 30 

Animal species, sex & age ............................................................................................................. 31 

Body condition score (BCS) ........................................................................................................... 31 

Bodyweight at start of project ........................................................................................................ 31 

Animal use ..................................................................................................................................... 32 

Production parameter differences between villages and intervention groups .................................. 32 

Nutrition technology development ................................................................................................. 32 

Mean daily weight gain analysis ....................................................................................................... 33 

Mean daily weight gains in Intervention Groups .......................................................................... 34 

Reproduction .................................................................................................................................. 35 

Seasonal analysis of weight gains ................................................................................................. 36 

Multiple Linear Regression analysis ................................................................................................. 37 

Evaluation of model assumptions .................................................................................................. 40 

Clustering ...................................................................................................................................... 40 

Discussion .............................................................................................................................................. 42 

Baseline production data ................................................................................................................... 42 

Potential and measured impacts of Interventions ............................................................................. 45 

Animal health interventions ........................................................................................................... 45 

Nutrition technology development ................................................................................................. 46 

Reproduction .................................................................................................................................. 49 

BCS changes in Cambodia ............................................................................................................ 49 

Cambodian mean daily weight gains ............................................................................................. 50 

Mean daily weight gains Lao PDR ................................................................................................ 50 

Multiple linear regression of the daily growth rate during period 5 - Cambodia ........................ 51 

Multiple linear regression of the daily growth rate during period 5 – Lao PDR ......................... 51 

Seasonal weight gain differences ................................................................................................... 52 

Data management .......................................................................................................................... 53 

Conclusion ............................................................................................................................................. 55 

References .............................................................................................................................................. 56 

Appendix 1 ......................................................................................................................................... 59 

Appendix 2 ......................................................................................................................................... 62 

Appendix 3 ......................................................................................................................................... 66 

Appendix 4 ......................................................................................................................................... 70 

 !

  



 MVPHMgt thesis - May 2011 - James Young BVSc!

5!
!

List of Tables and Figures 
Table No.          Page No. 
1 Mean body weight (kg) by groups at start of project (all animals)   21 
2 Mean body weight of mature age cattle (greater than 3 years old)   21 
3 Number of households that developed forage plots between 2008 & 2009  22 
4 Number of households that established forage plots by mid 2010   22 
5 High & Low Intervention Group mean daily weight gain analysis for each  

of the 5 weight gain periods        24 
6 Two-sample t-test of the final BCS of the high and low Intervention Groups 25 
7 Two-sample t-test of the mean daily weight gains (kg) for each season  26 
8 Summary statistics for mean daily weight gains (kg) for variable groups which 

underwent analysis for multiple linear regression     26 
9 Univariable analysis results        27 
10 Multivariable linear regression results      28 
11 Mean body weight (kg) by groups at start of project     31 
12 Mean body weight (kg) of mature age animals (greater than 3 years of age) 32 
13 Number of nutrition technology development outputs by villages   32 
14 High & Low Intervention Group mean daily weight gain analysis for each  

of the 5 weight gain periods        35 
15 Seasonal mean daily weight gain differences      36 
16 Summary statistics for mean daily weight gains for variable groups which  

underwent analysis for multiple linear regression     37 
17 Univariable analysis results        38 
18 Multivariable linear regression model results      39 
 
Figure No.          Page No. 
1 Map of Cambodia         10 
2 Monthly rainfall (mm) in Phnom Penh      10 
3 Map of Lao PDR         11 
4 Monthly rainfall (mm) In Vientiane       11 
5 Number of cattle per farmer        20 
6 Box plot showing mean weight (kg) of each breed     21 
7 Mean daily weight gain (kg) in Kampong Cham     23 
8 Mean daily weight gain (kg) in Kandal      23 
9 Mean daily weight gain (kg) in Takeo      23 
10 Mean daily weight gain (kg) of the Intervention Groups    24 
11 Mean body condition score (BCS) at each collection of each Intervention Group 25 
12 The interaction effect of age on the effect of the Intervention   28 
13 Linearity of age         29 
14 Homoscedacticity of mean daily weight gain      29 
15 Normality of mean daily weight gain       29 
16 Number of animals owned per farmer      30 
17 Mean age (years) of each breed       31 
18 Mean daily weight gain (kg) in Luangphrabang     33 
19 Mean daily weight gain (kg) in Xiengkhouang     33 
20 Mean daily weight gain (kg) in Houaphan      34 
21 Mean daily weight gain (kg) of the Intervention Groups    34 
22 Linearity of age         40 
23 Homoscedacticity of mean daily weight gain      40 
24 Normality of mean daily weight gain       40  



 MVPHMgt thesis - May 2011 - James Young BVSc!

6!
!

Abbreviations  
 
ACIAR  Australian Centre for International Agricultural Research 
 
ADB   Asian Development Bank 
 
BCS   Body condition score 
 
CIAT   International Centre for tropical Agriculture 
 
CSU   Charles Stuart University 
 
DLF   Department of Livestock and Fisheries, Lao PDR 
 
FAO   Food and Agriculture Organisation of the United Nations 
 
FMD   Foot-and-mouth Disease 
 
HDI   Human Development Index 
 
HI   High Intervention 
 
HS   Haemorrhagic Septicaemia 
 
LDC Least Developed Countries 
 
LDP Northern Region Sustainable Livelihood through Livestock  
 Development Project 
 
LI   Low Intervention 
 
PLDP   Participatory Livestock Development Project 
 
UoS   University of Sydney 

VAHW’s  Veterinary Animal Health Worker’s 



 MVPHMgt thesis - May 2011 - James Young BVSc!

7!
!

Abstract 

A 3 year longitudinal survey of large ruminant production was conducted in Cambodia and 

Lao PDR involving 6 villages from three 3 provinces from each country. 2 villages were 

selected from each province and were designated either high intervention (HI) or low 

intervention (LI). Production data was recorded every 3-4 months including information on 

animal health, production and reproduction. Interventions in nutrition, animal health, 

reproduction and biosecurity were implemented to develop skill and knowledge at the farmer 

and village level. Large ruminants in low LI villages were vaccinated for HS and FMD only, 

and used as a baseline to assess interventions implemented. Baseline production data was 

established, and where possible the impacts of the interventions were assessed. Forage 

development was measured, with significant farmer uptake in both countries. Mean daily 

weight gains were assessed, with descriptive analyses and multiple linear regression models 

constructed. In the Cambodian HI group mean daily weight gains were higher than the LI 

group for large ruminants of all ages ranging from a mean of 30 to 80 grams per day more 

weight gain (P<0.001), equating to 11 to 29 kg more weight gain annually. In the regression 

model the interaction of age and intervention was significant (P=0.010) and results are 

presented graphically showing a higher growth rate by 54 grams per day (P<0.001, 95% C.I. 

0.041, 0.067) after adjusting for other variables in the model. In Lao PDR large ruminants 3 

years of age and under during the 4th weight gain period the HI group had a mean daily 

weight gain of almost 40 grams higher than the LI group (P=0.017). This project shows that 

delivery through extension training and targeted interventions can improve livestock 

production, which will help improve smallholder farmer profitability and hence help alleviate 

rural poverty in the region. Further targeted surveys are needed with particular emphasis on 

data management and quality to quantify the impact of specific interventions. 
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Introduction 

The Australian Centre for International Agricultural Research (ACIAR) research projects 

‘Best practice health and husbandry of Cattle, Cambodia’ and ‘Best practice health and 

husbandry of cattle and buffalo in Lao PDR’ are collaborative works between the Australian 

Government and the Governments of the Kingdom of Cambodia and Lao Peoples’ 

Democratic Republic and their respective agricultural agencies. ACIAR is a statutory 

authority which operates as part of the Australian Governments development cooperation 

programs encouraging Australian agricultural scientists to direct their skills for the benefit of 

both developing countries and Australia.  

The projects aim to contribute evidence of effectiveness of methodologies that improve the 

profitability of large ruminant production. Interventions that are accepted and can be 

implemented by smallholder farmers in the areas of health, nutrition, reproduction and 

marketing are being researched. National, provincial and district government staff are 

working closely with village farmers to implement and manage the project. International 

experts in different fields of large ruminant production (from CIAT, UoS, CSU and private 

consultants) are contributing to the project. By examining current practices and knowledge 

for livestock diseases and husbandry, including through farmer participation, and with 

reference to complementary projects on disease control in the Mekong, a best practice 

approach will be developed to improve livestock productivity, potentially increasing 

marketing opportunities for smallholder livestock producers. 

The world’s population is expected to top nine billion by 2050. Food production will need to 

increase by 70 percent in the world and to double in the developing countries (FAO 2010). 

Asia’s output of meat and meat products in 2010 is estimated at 120 million tonnes, which 

represents an increase of 2.5 percent on 2009, against requirements estimated at 128 million 
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tonnes (FAO 2010). Specifically, the world’s appetite for meat will jump enormously, with 

worldwide demand forecast to rise by more than 55% between 1997 and 2020, with most of 

the increase occurring in developing countries (Rosegrant et al, 2001). The increasing 

demand of red meat in South East Asia is predominately being driven by the more developed 

countries in the area including China, Thailand, Malaysia and Vietnam, where rising incomes 

are changing dietary preferences. In South East Asia agricultural productivity growth has 

continued to decline as a result of inequitable access to productive assets, slow innovation 

and adaptation of advanced farming technologies, inadequate marketing infrastructure, and 

declining development assistance and public spending for agriculture (FAO 2010). With 

demand for red meats increasing by approximately 3% annually in Asia there is an 

opportunity for farmers in the region to increase productivity and tap into this increasing 

market to increase their household incomes and help alleviate poverty. An opportunity has 

been identified by Windsor (2008) to address animal health and husbandry methods to 

increase productivity, and hence help alleviate rural poverty. 

The Kingdom of Cambodia 

The majority of livestock producers are rural smallholder farmers living and working on a 

subsistence basis. Raising livestock is an important part of the rural economy as smallholders 

use animals as a source of protein, draught power, income source and asset storage (Harding 

et al 2007). The income from livestock production has been limited by endemic diseases 

including FMD, HS, blackleg and parasites including Fasciola spp. and Toxocara vitulorum 

in calves. Poor nutrition, animal husbandry and breeding management may also be limiting 

production. The climate in Cambodia is tropical, with the monsoon rainy season from May to 

November, and the dry season from December to April, with little seasonal temperature 

variation (21 to 35o C). Figure 1 below is a map showing Cambodia and figure 2 shows 

annual rainfall. 
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Figure 1. Map of Cambodia       Figure 2. Monthly rainfall (mm) in Phnom Penh 

  

Livestock and crop farming are the major sources of food and income in rural farm 

households (Sath et al 2008). Due to the integration of livestock with rice cropping, cattle are 

found concentrated in the rice growing areas (Sath et al 2008). Where feasible, there are 

generally two rice crops per year, a monsoon and a dry crop. The major monsoon crop is 

usually planted in late May through to July, when the first rains of the monsoon season begin 

causing softening of the soils, and harvested in December. The dry-season crop is smaller, 

and it takes only approximately three months from planting to harvest (November to 

January/February).  

Lao People’s Democratic Republic 

The majority of Lao PDR’s agricultural output comes from smallholder farmers who keep 

livestock for a source of income, as an asset bank, and as a tool for cropping with both draft 

power and manure. Currently, livestock production is undertaken using traditional methods. 

The animals are mostly indigenous breeds and are often fed inadequate nutrition, using free 

range grazing or cut and carry methods. While agriculture is still dominated by subsistence 

farming, especially in remote upland areas, there is a growing move toward commercial 

agriculture, driven by rising investment from neighbouring countries including China and 

Thailand (ADB 2009). Agriculture is Lao PDR’s main economic activity contributing to 

40.7% of GDP (Ministry of Agriculture & Forestry, Lao PDR 2007) and employing more 
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than 80% of the population.  Cattle and buffalo are an important part of agricultural systems 

in Lao PDR, accounting for approximately 20% of agricultural GDP (ACIAR 2011). 69.1% 

of the population live in rural areas (ADB 2009) and approximately 80% of households 

depend on agriculture for livelihoods and food supply.  

 

Production is constrained by poor nutrition, two epidemic disease FMD and HS, one highly 

pathogenic nematode parasite (Toxocara spp.) and a range of non-lethal parasites (ADB 

2005). FMD outbreaks are becoming more frequent, which may be due to an increasing 

number of outbreaks or an increase in reporting, or both. There have been attempts to 

introduce exotic breeds among smallholders with little success, principally due to a lack of 

quality feed and high levels of disease and parasite challenge. Indigenous breeds currently 

provide by far the largest share of the country’s animal products. They are adapted to local 

conditions, and there is potential to improve their productivity through selective breeding. 

The Northern Cattle Station has worked in cooperation with local farmers to improve local 

cattle by selecting the best bulls for mating. However, such activities have had little impact 

on the livestock population as a whole (Ministry of Agriculture & Forestry, Lao PDR 2007). 

Livestock support services, research and extension, marketing networks, transport and 

communication links, and access to inputs and credit all need to be improved (Ministry of 

Agriculture & Forestry, Lao PDR 2007). 

Figure 3. Map of Lao PDR Figure 4. Monthly rainfall (mm) in Vientiane 
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Lao PDR’s climate is dominated by the rainy season occurring from May to November, 

followed by a dry season from December to April. Rice is the main crop grown during the 

rainy season, and usually rainfall is adequate for production, however, if rainfall ceases for 

even just a few weeks at a critical time in the rice growing cycle yields can be significantly 

affected.  
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Objectives 

Production data was collected every 3-4 months and the key objectives of this data analysis 

include: 

• Establish baseline production parameters for large ruminants in the ACIAR project 

villages 

o Establish mean body weights, body condition, herd age & sex structure, breed 

type, animal use, animal movement and reproductive performance where 

possible 

• Identify any production differences of large ruminant production between high and 

low intervention groups and seasons during the study period 

o Establish mean daily weight gains1 and body condition  

o Identify if and what interventions lead to improvements in productivity 

• Provide recommendations for future data analyses 

 

  

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
1 The term ‘mean daily weight gain’ was used in order to incorporate weight changes in young animals that were 
growing (otherwise known as growth rate) and mature age animals which were fattening. 
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Method 

ACIAR Best practice project 

The 3 year longitudinal studies commenced in Cambodia in March 2008, and then later in 

Lao PDR in December 2008. Repeated measures were taken from farmers and large 

ruminants in the project villages every 2 – 4 months. In each country six project sites 

(villages) from three provinces were selected to participate in the project. Village selection 

criteria are listed. Two villages in each of three 

provinces were selected to provide three sets 

of geographically matched research sites. One 

of each of the matched villages was designated 

a high intervention (HI) village and one as a 

low intervention (LI) village. HI villages 

received training and support in the form of workshops and on farm training, as well as being 

supplied forage seeds, animal treatments, diagnostic testing for disease and parasites, and 

vaccination. Workshops in the areas of animal health, nutrition, reproduction management 

and marketing were developed and introduced in the villages. LI villages received 

vaccination and advice when requested. 

 

Cambodia Villages  

The six villages selected and their designated intervention type included Nomo (HI) and Dem 

Kdet (LI) from Takeo province, Prek Por (HI) and Koh Kor (LI) from Kandal province, 

Senson Tbong (HI) and Veal (LI) from Kampong Cham province. The three provinces of 

Kandal, Kampong Cham, and Takeo each have high cattle populations and similar cattle 

breeds and are representative of environment and husbandry practices in Cambodia 

(Sothoeun 2010).  

Village selection criteria 
• Large ruminant population of at 

least 250 head 
• All year road access 
• Willingness of village authorities, 

farmers and local department of 
animal health/livestock/agriculture 
to participate 

• Distance of at least ten km between 
project villages in same province 

!
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Cambodia Interventions 
 
Seven workshops undertaken in Cambodia were undertaken training project & district staff 

(VAHW’s). The workshops were of 1-3 day duration and were undertaken in Phnom Penh 

and attended by up to 35 staff. The topics of the workshops included; reviewing livestock 

production and farmer knowledge in Cambodia, forage and silage production technology and 

development, large ruminant nutrition, husbandry & reproduction, infectious disease & 

parasite management and biosecurity. These workshops were delivered by project leaders to 

district staff i.e. ‘training the trainer’. 

List of interventions undertaken and implemented in Cambodia HI villages 

• Workshop extension training (implemented by the Local Department of Animal 

Health and project staff) directed to farmers in forage and silage production 

technology and development, large ruminant nutrition, husbandry & reproduction, 

infectious disease & parasite management and prevention, biosecurity 

• Vaccination for HS and FMD alternately every 6 months 

• Treatment with an anthelmintic 3 times during the study 

• Forage development with provision of seeds and cultivation techniques 

• Random selection for animal testing for Brucellosis and faecal examination for 

evidence of internal parasites 

Lao PDR Villages 

The six villages selected and their designated intervention type included Ban Hard Pang (HI) 

and Ban Huay Paen (LI) from Luangphrabang province, Ban Na Kud (HI) and Ban Navieng 

(LI) from Houaphan province, Ban Nong (HI) and Ban Na Dee (LI) from Xiengkhouang 

province. 
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Lao PDR Interventions 
 
Seven staff training workshops were undertaken covering a variety of topics on large 

ruminant health and production. The workshops were lead by the UoS project leaders and 

were directed at 27 district staff. The workshops were supported with funding by the 

Australian Crawford Fund. District staff were examined using a written questionnaire. The 

workshops were undertaken between September 2008 and December 2010 and included the 

topics; staff training, animal health, nutrition, biosecurity, reproduction, and marketing. 

Throughout the workshops basic village-level biosecurity programs were developed and 

disease information and prevention strategy were repeatedly discussed and shared among 

participants (Rast 2011). Farmers commenced learning on forage establishment and growth to 

provide improved nutrition, husbandry and health care of cattle and buffalo. The capacity 

building for the project extension and LDP staff is recognised as being crucial for the project 

to date and will provide a good foundation for the project extension and research activities 

(Rast 2011). District staff trained in the workshops transferred knowledge gained in the 

workshops directly to farmers in their respective districts. This occurred in a method of 

‘learning by doing’ whereby district staff would show farmers from high intervention villages 

how to implement and manage forage plantation, making silage and appropriate animal 

treatments (such as parasite treatment and vaccination). While this skill and knowledge 

training was directed to farmers in the high intervention villages, some ‘leakage’ may have 

occurred whereby farmers from nearby villages seeking high intervention skills and 

knowledge and applying it to their own livestock system. In this instance these farmers were 

supplied information but no treatments or physical inputs such as forage seeds and 

vaccination. 
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Cambodia Data Collection & Management 

In Cambodia, each data collection (6 in total) included information on weight, condition, 

skin, use for draft, strength, calves born, use of bull selection, faecal and blood collection, 

movement (i.e. sale, death, no change) and treatments given (i.e. drench and vaccination). 

Cattle were uniquely identified using a tag which hung on a rope around the neck. Weight 

collections were conducted using a portable weighing scales and all additional information 

(e.g. pregnancy status) was collected by verbal survey of each farmer by the project staff. 

Information for farmers was entered manually onto an Animal Record Card (see appendix 1), 

and data collected for analysis was recorded onto a data collection sheet that was later entered 

into Microsoft Excel by one project staff member. Data for each animal was collected 

sequentially in a single row in Excel, enabling date differences to be calculated and mean 

daily weight changes to be assessed.  

Lao PDR Data Collection and Management 

District staff collected information using a questionnaire and portable weight scales and 

entered data onto an Animal Record sheet at the villages (see appendix 2). These were then 

posted to the Lao Project office and one staff member entered it into a Microsoft Access 

database custom designed for the project. This resulted in individual animal data being 

stacked in rows which was manipulated to be unstacked and exported to Microsoft Excel 

using GenStat Ed. 13.  

 

Data analysis 

Both countries underwent a systematic data analysis. After the data was cleaned and 

manipulated in Microsoft Excel, a descriptive analysis and statistical analysis was conducted 

using both Excel and GenStat Ed. 13. Initially the data was checked with three objectives in 

mind: 
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1. Check for errors and anomalies 

2. Understand individual variable distribution 

3. Assess the nature and strength between variables 

This was done to ensure outcomes are correct, assist in the understanding of the data, and 

selecting the correct method of statistical models from which conclusions can be drawn. 

While cleaning data, some animals were removed from the dataset due to missing key fields, 

or inconsistent or invalid results. For example, animals from Lao PDR had date collections 

ranging from the year 2000 to the year 2098, when data collection have only occurred during 

2008, 9 and 10. Variables were classified and numerical and graphical descriptions were 

constructed to provide information on the distribution of the data. The results of the data 

analysis were analysed in two steps. Firstly, a descriptive overview of the results was 

conducted and comparisons of variables between high and low intervention groups were 

assessed. Central tendencies were established including means, medians, upper and lower 

quartiles, minimum and maximum values and standard deviations. Multiple linear regression 

models were built using the backward selection method with the outcome of daily growth rate 

during the final two weight measurements. This method was selected to assess any significant 

effect the high and low interventions may or may not have had by the later stages of the 

project on the animals’ daily growth rate. Any variables and interactions that were significant 

in accounting for variance in the model were included. The final models were assessed for 

linearity, homoscedasticity and normality. As the data included repeat measurements on the 

same animals, clustering at the provincial level was assessed by calculating the Intra-

correlation coefficient (ICC).  
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Weight gain analyses 

In the analysis of weight gain, animals were eligible for inclusion if they had a minimum of 2 

consecutive weights recorded at any of the six data collections. If an animal missed a weight 

collection, yet was present for a later weighing, it was not included in analysis during the 

collection that was missed. Inclusion of that data would potentially hide any seasonal 

variation. Mean daily weight gain was calculated by subtracting the previous collection 

weight with the current collection weight and dividing by the number of days. 

Mean daily weight gain/loss = (Current weight - Previous weight) / Number of days between 
weight measurements 

With 6 collections of animal weights, there were five weight gain periods calculated. These 

were between collection dates 1 & 2, 2 & 3, 3 & 4, 4 & 5, and 5 & 6, and correspond to 

“weight gain period” 1 to 5.  

Reproduction, animal movement, animal use, body condition score (BCS) data  

The database was examined for records that could provide information of importance in 

understanding husbandry practices, including the inter-calving interval (from the Gave Birth 

variable), age at puberty, reasons for exit from the project, age structure and relationship to 

weight, plus animals used for draft purposes.  
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Results 
 

The Kingdom of Cambodia 
 

Descriptive analysis of baseline production parameters 

A total of 1516 cattle were enrolled into the study, with 5 villages exceeding the initial target 

of 250 animals, and Dem Kdet enrolling 247. The first data collection began on 24th March 

2008, and the final collection was completed on 6th of September 2010, resulting in a total 

study time of 896 days or approximately 30 months. The mean duration of each data 

collection was 42.7 days to collect data from all 6 villages. The number of animals remaining 

in the study after 6 collections was 370, which equates to an attrition rate of 76%.   

    Figure 5. Number of cattle per farmer 

 

Number of animals 
owned per farmer 
 

28.7% of farmers (188) 

owned 1 animal, 39.0% 

of farmers (255) 2 cattle, 

17.3% (113) 3 cattle, 

8.4% (55) 4 cattle, and 

6.6% (43) farmers owning 5 or more cattle. A graphical display is provided in Figure 5. 

 

Cattle breed, sex & age 

Two cattle breeds were represented in the study. Local breed accounted for 16.5% of the 

animals, and Crossbred animals accounted for the remainder 83.5%. All of the cattle 

designated Local breed came from one village; Nomo. Of the 1516 animals enrolled in the 
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study, 55.2% of animals were females (837) and 44.8% were males (678). Of the males, 58% 

were castrated. The mean age of all animals was 3.5 years , ranging from 0.1 years of age to 

13 years of age.  

 

Bodyweight analysis 

The weights of cattle at the start of the project were analysed and results are shown in table 1 

below. 

 
Table 1. Mean body weight (kg) by groups at start of project (all animals) 

Variable Groups N Mean ± SD Min Q1 Median Q3 Max 
Overall All 1415 229.0 ± 102.7 48 155.2 207.0 284.8 682 
Sex Female 745 198.6 ± 68.3 48 152.0 192.0 235.5 439 
! Castrate 395 329.4 ± 103.0 144 256.2 312.0 390.0 682 
! Male 269 160.6 ± 58.3 54 124.0 150.0 184.0 455 
Draft Yes 401 327.4 ± 104.5 79 253.8 310.0 390.0 682 
  No 1014 190.1 ± 71.1 48 140.0 180.0 224.0 626 
Breed Crossbred 1165 239.6 ± 106.4 48 162.8 214.0 302.0 682 
  Local breed 250 179.6 ± 62.9 53 131.0 178.0 223.0 376 
Intervention High 699 206.1 ± 101.6 48 140.2 184.0 246.0 682 
  Low 716 251.4 ± 98.7 74 176.0 232.5 316.0 652 

 
 
Table 2. Mean body weight of mature age cattle (greater than 3 years old) 
Mature age >3 N Mean ± SD Min Q1 Median Q3 Max 
All Cattle 805 281.9 ± 98.0 130.0 206.0 260.0 337.2 682.0 
Crossbred 668 294.6 ± 100.8 130.0 214.0 280.0 350.0 682.0 
Local Breed 137 220.1 ± 47.4 142.0 183.5 214.0 248.2 376.0 

 
Figure 6. Box plot showing mean weight (kg) of each breed 

 
 

Body condition score (BCS) 

BCS was measured on a scale of 1 to 4 and can 
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animals was 3.38 (n=1264) and for Local breed 3.81 (n= 250).  

Use for draft 

26.5% of all animals were designated as used for draft at the start of the project. The mean 

age of all animals used for draft was 4.9 years of age. 97.5% of all draft animals were 

castrated males (bullocks).  

 

Production parameter differences between villages and intervention groups 
 

Nutrition technology development 

The following tables show the number of households which developed forage plots for 

livestock feeding between 2008 and 2009 (Table 3) and by 2010 (Table 4). 

Table 3. Number of households that developed forage plots between 2008 and 2009 
Village No. of households Land for Planting (m2) Area per household (m2) 
Prek Por 6 4450 742 

Senson Tbong 25 12940 518 
Nomo 31 11400 368 
Total 62 28790 1627 

 
Table 4. Number of households that established forage plots by mid 2010 

Province No. of households Land for Planting (m2) Area per household (m2) 
Takeo 263 88500 337 
Kandal 15 14000 933 

Kampong Cham 148 81338 550 
Total 426 183838 432 

 

Mean daily growth rate analysis 

The following line charts show weight gains in each of the three provinces showing the mean 

daily weight gain in the high and low intervention villages from each province. Appendix 3 

contains tabulated descriptive information from each village of the five weight gain periods. 
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Figure 7. Mean daily weight gain (kg) in Kampong Cham 

 
 
Figure 8. Mean daily weight gain (kg) in Kandal  

 
Figure 9. Mean daily weight gain (kg) in Takeo 
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Appendix 3 contains tables showing the descriptive statistical parameters for mean daily 

weight gains in the Intervention Groups. The following 2 figures show graphical trends of 

daily weight gains (kg) of each of the two intervention groups. 

 
Figure 10. Mean daily weight gain (kg) of the Intervention Groups 

 
 
The difference in weight gains between the high intervention group and the low intervention 

group was assessed for significance using a two-sample t-test. Results are presented in table 5 

below. 

Table 5. High & Low Intervention Group mean daily weight gain analysis for each of 
the 5 weight gain periods 
Weight gain 

period HI mean LI mean Difference 95% CI Significance 

All animals           
1 0.19 0.13 0.06 0.044 - 0.076 P <0.001 
2 0.06 0.03 0.03 0.020 - 0.040 P <0.001 
3 0.13 0.05 0.08 0.071 - 0.089 P = 0 
4 0.07 0.01 0.06 0.051 - 0.069 P = 0 
5 0.13 0.09 0.04 0.030 - 0.050 P <0.001 

Animals 3 years of age or less       
1 0.21 0.15 0.06 0.044 - 0.083 P < 0.001 
2 0.07 0.05 0.02 0.011 - 0.033 P < 0.001 
3 0.15 0.06 0.09 0.078 - 0.100 P < 0.001 
4 0.09 0.02 0.08 0.068 - 0.088 P < 0.001 
5 0.13 0.09 0.04 0.030 - 0.055 P < 0.001 
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The mean BCS was assessed at each collection point for trends in any changes within 

intervention groups. 

Figure 11. Mean body condition score (BCS) at each collection of each Intervention 
Group 
 

 
A two sample t-test was performed on the final BCS data collection at collection 6. The two 

sample t-test result is shown in table 14 below. 

 
Table 6. Two sample t-test of the final BCS of the high and low Intervention groups 
Intervention n Mean BCS Difference 95% CI Significance 

High 196 2.464 
-0.6671 (-0.800, -0.533) P < 0.001 

Low 274 3.131 
 

Reproduction 

9 cattle gave birth between the first and sixth data collection. 

 

Seasonal weight gain analysis 

Weight gain periods were assessed by their dates and grouped into either dry or rainy 

seasons. These were assessed using the two collection dates that each weight gain period was 

established by. The following table shows the difference in mean daily weight gains for each 

season and two sample t-test results. 
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Table 7. Two-sample t-test of the mean daily weight gains (kg) for each season 
Season  N  Mean Difference 95% C.I. Significance 

Dry 1328 0.04 
-0.09 (-0.092, -0.080) P < 0.001 

Rainy 2024 0.13 
 

Multiple Linear Regression analysis of the growth rate during period 5 
 
Further statistical analysis was conducted to analyse the growth rate during the final growth 

rate period, period 5. Descriptive analysis, univariable analysis, and a multiple linear 

regression analysis were conducted on the outcome of the daily growth rate during period 5.  

 
Table 8. Summary statistics for mean daily weight gain (kg) for variable groups which 
underwent analysis for multiple linear regression 

Variable Groups N Mean ± SD Min Q1 Median Q3 Max 
Overall All 361 0.109 ± 0.041 0.020 0.080 0.098 0.137 0.242 
Sex Female 181 0.112 ± 0.039 0.026 0.082 0.101 0.137 0.236 
! Castrate 103 0.095 ± 0.037 0.020 0.072 0.088 0.111 0.203 
!! Male 77 0.120 ± 0.044 0.033 0.085 0.110 0.148 0.242 
Draft Yes 107 0.095 ± 0.037 0.020 0.072 0.088 0.111 0.203 
  No 254 0.115 ± 0.041 0.026 0.083 0.104 0.143 0.242 
Breed Crossbred 294 0.103 ± 0.039 0.020 0.078 0.092 0.132 0.242 
 Local breed 67 0.134 ± 0.040 0.031 0.100 0.136 0.160 0.241 
Intervention High 188 0.130 ± 0.041 0.031 0.010 0.134 0.154 0.242 
  Low 173 0.086 ± 0.026 0.020 0.074 0.083 0.095 0.185 
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Table 9. Univariable analysis results 
Parameters Categories b SE (b) 95% CI P (F) R2 (%) 
        Lower Upper     

Age      <.001 7.9 
  -0.006 0.001 (-0.008, -0.004)   
        
Breed      <.001 8.4 
 Crossbred 0.000      
 Local breed 0.031 0.005 (0.021, 0.041)   
        
Draft      <.001 4.4 
 No 0.000      
 Yes -0.019 0.005 (-0.029, -0.009)   
        
Sex      <.001 4.7 
 Castrate 0.000      
 Female 0.017 0.005 (0.007, 0.027)   
 Male 0.025 0.006 (0.013, 0.037)   
        
Condition      <.001 6.5 
 1 0.000      
 2 0.012 0.010 (-0.008, 0.032)   
 3 -0.009 0.009 (-0.027, 0.009)   
 4 -0.023 0.011 (-0.045, -0.001)   
        
Intervention      <.001 28.6 
 High 0.000      
  Low -0.044 0.004 (-0.052, -0.036)     
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Table 10. Multivariable linear regression model results 
Variables Group b SE (b) P 95% CI 

          Upper Lower 

Constant  0.146 0.005 <.001 0.137 0.155 
       
Intervention High Ref     
 Low -0.054 0.007 <.001 -0.067 -0.041 
       
Draft No Ref     
 Yes -0.010 0.005 0.027 -0.019 -0.001 
       
Age  -0.006 0.001 <.001 -0.009 -0.004 
       
Breed Crossbred Ref     
 Local Breed 0.012 0.005 0.024 0.002 0.022 
       
Interaction term       
Age.Intervention Low   0.006 0.002 0.003 0.002 0.010 
 
Figure 12. The interaction effect of Age on the Intervention 

 
 
This figure shows the interaction effect of age and the intervention. It shows that as cattle in 

high intervention village’s increase in age (years), the mean daily weight gain decreases. This 

indicates that a higher mean daily weight gain in high intervention villages occurs in younger 

cattle. 

0!

0.02!

0.04!

0.06!

0.08!

0.1!

0.12!

0.14!

0.16!

1! 2! 3! 4! 5! 6! 7!

M
ea

n 
da

ily
 w

ei
gh

t g
ai

n 
(k

g)
 

Cattle age (years) 

Interaction of Age and Intervention 

High 

Low 



 MVPHMgt thesis - May 2011 - James Young BVSc!

29!
!

Evaluation of model assumptions 

Evaluation of model assumptions of the multiple linear regression equation was undertaken 

by assessing linearity of the only continuous explanatory variable; age (Figure A), and the 

homoscedasticity (Figure B) and normality of growth rate during period 5 (Figure C).  

Figure 13. Linearity of age & Figure 14. Homoscedasticity of mean daily wt. gain  

 

Figure 15. Normality of mean daily weight gain 

Clustering 

Clustering of animals at the provincial level was 

assessed. The calculation of the change in weight 

included repeated measures taken on cattle during 

weight gain period 5. The Intra-class correlation 

coefficient (ICC) was calculated to assess the total 

proportion of the total variance accounted for by 

random effects encountered due to clustering of 

cattle at the village level. The ICC was calculated at -0.0023 (P = 0.655), indicating that the 

proportion of the total variance accounted for by the province was not significantly different 

from zero.  
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Lao Peoples’ Democratic Republic 
 

Descriptive analysis of baseline production parameters 
 
A total of 1685 animals were enrolled into the study, with all 6 villages exceeding the 250 

target. The first data collection began on the 8th December 2008, and the sixth data collection 

was completed by the 16th August 2010, resulting in a total study period of 616 days, or just 

over 20 months. The mean duration of each data collection was 78.7 days to collect data from 

all 6 villages. The number of animals remaining in the study after 6 collections was 1183, 

which equates to a total attrition rate of 30.1%.  

 

Number of animals owned per farmer 

96.0% of animal owners were male, and 3.9% female.  21.8% (667 ) of farmers  owned 1 animal, 

14.9% (46 ) 2 animals, 12.3% (38) 3 animals, 10.7% (33) 4 animals, and 7.5% (23)  5 animals. A 

further 6.3% (60 farmers) owned 6 to 10 animals, and 13.3% (41 farmers) owned in excess of 10 

animals. A graphical display is provided in Figure 5. 

 
Figure 16. Number of animals owned per farmer 
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Animal species, sex & age 

Data was collected to distinguish cattle and buffalo, with 67.4% of all animals’ cattle, and 

32.6% buffalo. Of the cattle, 67.6% were 

female, and 66.2% of buffalo were female. 

Of the males, only 2 were castrated 

(0.004%). The mean age of all 1646 

animals was 4.5 years old (n = 1646) at the 

start of the study.  

 

 
 

Figure 17. Mean age (years) of each breed 
 

Body condition score (BCS) 

On a body condition scale of 1 to 3 (1 = Skinny, 2 = Medium, 3 = Fat), cattle had a mean 

BCS of 2.15 (n = 1135) and buffalo 2.37 (n = 548).  

Bodyweight at start of project 
 
Table 11. Mean body weight (kg) by groups at start of project 

Variable Groups N Mean ± SD Min Q1 Median Q3 Max 
Overall All 1684 190.3 ± 109.4 12.0 113.8 171.2 238.5 624.0 
Sex Female 1134 204.4 ± 111.6 12.0 132.5 180.2 254.0 624.0 
! Castrate 2 200.5 ± 109.6 123.0 123.0 200.5 278.0 278.0 
! Male 544 160.9 ± 98.5 12.0 88.2 145.5 214.5 524.0 
Breed Cattle 1135 145.1 ± 71.2 12.0 94.1 148.5 188.0 624.0 
  Buffalo 548 283.9 ± 115.5 14.0 186.5 305.0 374.0 580.0 
Intervention High 837 211.0 ± 114.5 14.0 125.9 184.0 301.2 534.0 
  Low 847 169.9 ± 100.2 12.0 103.0 157.5 210.0 624.0 
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Table 12. Mean body weight of mature age large ruminants (greater than 3 years of age) 
Mature age >3 N Mean ± SD Min Q1 Median Q3 Max 
Cattle 743 177.3 ± 59.7 19.0 144.6 172.5 144.6 624.0 
Buffalo 379 334.7 ± 86.8 130.0 278.2 342.0 393.0 580.0 

 

Animal use 

There were five designated uses of animals. These were draft, breeding, cash, slaughter and 

other. 11 animals were designated for use for draft purposes, equating to less than 0.01% of 

all animals. Draft animals included both male and females and both cattle and buffalo. 1641 

animals (96.7% of project animals) were designated as used as a primary purpose for 

breeding. A total of 4 animals were used for cash. Of these, 2 were females and 2 were males 

with only one of the 4 animals a buffalo. A total of 13 animals were designated for slaughter, 

which included both sexes and breeds. 13 animals were designated for use as ‘other’. 

 

Production parameter differences between villages and intervention groups 
 

Nutrition technology development 

The number of fattening stalls, silage development and forage development that had occurred 

by December 2010 was recorded for each village and results are presented in the table below. 

 
Table 13. Number of nutrition technology development outputs by village 

Village Province Intervention Fattening 
stalls 

No. of farmers 
developing silage 

No. of farmers 
developing 

forage 

Total 
forage area 

(ha) 
BanHardPang Luangphrabang High 13 11 19 16.14 
BanHuayPaen Luangphrabang Low  2   

BanNaKud Houaphan High   93 1.30 
BanNavieng Houaphan Low   29 0.70 

BanNong Xiengkhouang High 19 35 35 9.60 
BanNaDee Xiengkhouang Low     
Grand total   32 48 176 27.74 
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Mean daily weight gain analysis 

The following line charts show weight gains in each of the three provinces showing the mean 

daily weight gain in the high and low intervention villages from each province. Appendix 4 

contains tabulated descriptive information from each village of the five weight gain periods. 

 
Figure 18. Mean daily weight gain (kg) in Luangphrabang 

 
 
Figure 19. Mean daily weight gain (kg) in Xiengkhouang 
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Figure 20. Mean daily weight gain (kg) in Houaphan 

 
 

Mean daily weight gains in Intervention Groups 

Appendix 2 contains tables showing the descriptive statistical parameters for mean daily 

weight gains in the Intervention Groups. The following 2 tables show key statistical 

parameters of the daily weight gains (kg) of each of the two intervention groups. 

 
Figure 21. Mean daily weight gain (kg) of the Intervention Groups 

 
 
The difference in weight gains between the high intervention group and the low intervention 

group was assessed for significance using a two-sample t-test. Results are presented in table 4 

below. 
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Table 14. High & Low Intervention Group mean daily weight gain analyses for each of 
the 5 weight gain periods 
Weight gain 

period 
HI 

mean 
LI 

mean Difference 95% CI Significance 

All animals           
1 0.02 0.09 0.07 (0.039,  0.101) P <0.001 
2 0.20 0.21 0.01 (-0.017, 0.037) P = 0.475 
3 0.13 0.15 0.02 (-0.011, 0.051) P = 0.212 
4 0.00 -0.06 0.06 (0.034, 0.086) P <0.001 
5 0.10 0.14 0.04 (0.010, 0.070) P = 0.008 

Animals 3 years of age or less       
1 0.15 0.19 -0.04 (-0.090, 0.000) P = 0.051 
2 0.24 0.22 0.02 (-0.021, 0.058) P = 0.371 
3 0.16 0.20 -0.04 (-0.083, 0.007) P = 0.094 
4 0.06 0.02 0.04 (0.007, 0.072) P  = 0.017 
5 0.15 0.20 -0.04 (-0.092, 0.005) P = 0.076 

 

Reproduction 

The month and year of each calving was recorded. 382 (33.6%) of 1137 female large 

ruminants in Lao PDR gave birth at least once during the 20 months of the project. The mean 

age of all large ruminants which produced a calf was 6 years old. 291 cattle produced a calf 

during the project, and had a mean age of 5.6 years and study commencement. 91 buffalo 

produced a calf during the project with a mean age of 7.1 at the start of the project. Further 

reproductive measures are recorded in appendix 4. 
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Seasonal analysis of weight gains 

Weight gain periods were assessed by their dates and grouped into either dry or rainy 

seasons. These were assessed using the two collection dates that each weight gain period was 

established by. The following table shows how each weight gain period was assessed and 

categorised. 

  
Table 15. Seasonal mean daily weight gain differences 

Season  n  Mean Difference 95% C.I. Significance 
Dry 2020 0.01 

-0.14 (-0.155, -
0.129) P < 0.001 

Rainy 3223 0.15 
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Multiple Linear Regression analysis 
 
Further statistical analysis was conducted to analyse the growth rate during the final growth 

rate period, period 5. Descriptive analysis, univariable analysis, and a multiple linear 

regression analysis were conducted on the outcome of the daily growth rate during period 5.  

 
Table 16. Summary statistics for mean daily weight gains for variable groups which 
underwent analysis for multiple linear regression 

Variable Groups N Mean ± SD Min Q1 Median Q3 Max 
Overall All 1168 0.096 ± 0.273 -1.378 0.010 0.096 0.195 1.987 
Sex Female 829 0.079 ± 0.282 -1.378 -0.020 0.079 0.187 1.987 
! Castrate 0       
!! Male 336 0.143 ± 0.236 -1.279 0.057 0.128 0.214 1.667 
Condition 1 Skinny 106 0.115 ± 0.211 -1.121 0.028 0.113 0.231 0.603 
 2 Medium 938 0.098 ± 0.260 -1.140 0.017 0.095 0.189 1.987 
  3 Fat 122 0.070 ± 0.393 -1.378 -0.056 0.078 0.217 1.696 
Breed Cattle 796 0.081 ± 0.209 -1.140 0.008 0.084 0.166 1.987 
 Buffalo 371 0.131 ± 0.373 -1.378 0.011 0.134 0.296 1.929 
Intervention High 588 0.080 ± 0.308 -1.378 -0.021 0.073 0.179 1.696 
  Low 580 0.113 ± 0.230 -1.279 0.033 0.114 0.206 1.987 
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A multiple linear regression analysis was conducted on the final weight gain period (period 

5). 

Table 17. Univariable analysis results 
Parameters Categories b SE (b) 95% CI P (F) R2 (%) 
        Upper Lower     

Age  -0.017 0.003 (-0.023, -0.011) <.001 2.6 
        
Breed      0.003 0.7 
 Cattle 0.000      
 Buffalo 0.050 0.017 (0.017, 0.084)   
        
Sex      <.001 1.1 
 Male 0.000      
 Female -0.064 0.017 (-0.098, -0.030)   
 ! ! !     
Condition      <.001 3.8 
 1 Skinny 0.000      
 2 Medium 0.243 0.042 (0.161, 0.325)   
 3 Fat 0.318 0.046 (0.228, 0.408)   
        
Intervention      0.043 0.3 
 High 0.000      
  Low 0.032 0.016 (0.001, 0.063)     
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Table 18. Multivariable linear regression model results 
Variables Group b SE (b) P 95% CI b 
          Upper Lower 

Constant  -0.253 0.107 0.018 -0.463 -0.043 
       
Intervention High 0.000     
 Low 0.073 0.085 0.393 -0.094 0.239 
       
Age  0.016 0.014 0.262 -0.012 0.043 
       
Breed Cattle 0.000     
 Buffalo -0.019 0.102 0.852 -0.219 0.181 
       
Condition 1 Skinny 0.000     
 2 Medium 0.386 0.109 <.001 0.172 0.600 
 3 Fat 0.339 0.123 0.006 0.098 0.580 
       
Interaction terms       
Age/Condition 1 Skinny 0.000     
 2 Medium -0.032 0.014 0.025 -0.061 -0.004 
 3 Fat -0.048 0.016 0.002 -0.079 -0.017 
       
Breed/Condition 1 Skinny 0.000     
 2 Medium 0.107 0.102 0.298 -0.093 0.307 
 3 Fat 0.248 0.113 0.029 0.027 0.469 
       
Breed/Intervention Low Cattle 0.000     
 Buffalo -0.079 0.039 0.045 -0.156 -0.002 
       
Condition/Intervention 
Low 1 Skinny 0.000     
 2 Medium -0.033 0.086 0.705 -0.202 0.137 
  3 Fat 0.176 0.098 0.073 -0.016 0.368 
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Evaluation of model assumptions 

Evaluation of model assumptions of the multiple linear regression equation was undertaken 

by assessing linearity of the only continuous explanatory variable; age (Figure A), and the 

homoscedasticity (Figure B) and normality of growth rate during period 5 (Figure C).  

Figure 22. Linearity of age & Figure 23. Homoscedasticity of mean daily wt. gain  

  

  

Figure 24. Normality of mean daily weight gain 

Clustering 

Clustering of animals at the province level was assessed. The Intra-class correlation 
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for by random effects encountered due to clustering of animals at the village level. The ICC 

was calculated at 0.054 (P = 0.174). This indicates that variation in the variance due to the 

province only accounted to 5.4%, or that the level of clustering in villages was very low. 

However, the P value of 0.174 indicates this was not significantly different to zero. 
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Discussion 

Baseline production data 

In Cambodia, 96.2% of farmers owned 5 or fewer cattle, compared to Lao PDR, where 67.2% 

of farmers owned 5 or fewer animals. The highest number of animals owned by a single 

farmer in the project was 14 in Cambodia and 53 in Lao PDR. These results confirm previous 

conclusions that the majority of farmers own very few cattle and buffalo and livestock 

systems are predominately managed on a small scale or subsistence basis.  

 

Cambodian cattle are Bos indicus and consist of the Local breed, Haryana and Crossbred 

(Local breed x Haryana), and occasionally other breeds such as Brahman. Sath (2008) 

reported the local breed as being yellow, having a small hump and a mature weight about 

250-300 kg. This was similar to this studies analysis with local breed mature cattle (over 3 

years old) having a mean weight of 220 kg. Crossbred cattle had a mean weight of 294 kg. 

Haryana are a tall, narrow frame and humped animal and usually white in colour, and are 

favourable due to their draft ability. In this study, Local breed accounted for 16.5% of the 

cattle, and Crossbred accounted for the remainder 83.5%. All of the cattle designated Local 

breed came from one village; Nomo. 55.2% the cattle were females and 44.8% males. Of the 

male cattle, nearly 58% were castrated, indicating the practice of castration is well 

established and practiced. In Lao PDR, cattle (Bos indicus) and the Asian water buffalo 

(Bubalus bubalis) were represented in study villages. 67.4% of the large ruminants were 

cattle, and 32.6% were buffalo. Approximately two-thirds of the large ruminants were 

females. Of the study males, only 2 were recorded as being castrated, indicating the practice 

of castration has either not been well established, or this study failed to capture these animals. 

There was no distinction of cattle breeds, and the mean mature (over 3 years of age) weight 

of cattle was 177 kg, and the mean mature (over 3 years of age) weight of buffalo was 335 
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kg. Harding (2007) has reported that average live weights are up to 350kg for male cattle and 

450kg for male buffalo. At study commencement, the mean age of all study animals in 

Cambodia was 3.5 years and 4.5 years old for Lao PDR. The oldest recorded animal in 

Cambodia was 13, and one animal in Lao PDR was recorded as being 18 years old at the start 

of the study. 

 

In Cambodia 26.5% of all cattle were recorded as used for draft. The mean age for draft 

animals was 4.9 years of age. The importance of cattle for draft in Cambodia is well known. 

This study showed that over 97.5% of animals used for draft are castrated males (bullocks). 

One village, Dem Kdet had over 40% of the draft animals in the study, most likely due to 

Takeo province being one of Cambodia’s major rice producing areas. Analysis of animal 

movement or exit reasons showed there were no deaths, hire labour, or stolen animals 

recorded for either low or high Intervention groups. During the course of the project in 

Cambodia, a total of 1006 cattle were sold, accounting for 66.4% of project animals. This 

indicates that the sale market is highly active in these regions. 104 cattle had an unknown exit 

or movement from the study.  

 

In Lao PDR there was no data collected in the main dataset pertaining to animal exit reasons 

from the study. Farmers were given five choices for the main ‘use’ of the animal. These five 

use options and results included breeding (1646 animals), draft (11), cash (4), slaughter (13) 

and other (13). This indicates that there is a heavy focus on reproduction, with 96.7% of 

farmers designating this main purpose of the animal. It is likely that many animals would 

have multiple uses during the course of their lifetime as well as the potential of use to vary 

during the season. Most (if not all) farmers keep their livestock as a cash reserve, breeding is 

another important propose although breeding management such as sex separation, castration 
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etc. are not common practice the region (Nampanya, S. 2011, pers. comm., 11 April). It is 

reported that farmers in Xiengkhouang both low and high intervention village still use buffalo 

for draught powering and manure collection as their paddy soil has relatively low fertility 

and is phosphorus deficient. In Houaphan and Lungphrabang provinces, keeping buffalo for 

powering is not common practice since the introduction of the hand tractor (Nampanya, S. 

2011, pers. comm., 11 April).  

 

At the final sixth data collection in Cambodia only 370 cattle of the original 1516 remained, 

representing a study attrition of over 75%. This high rate can be largely explained by the sale 

of 1006 animals during the course of the study, and the 104 cattle which were removed from 

the study for unknown reasons. In Lao PDR 1184 large ruminants remained in the study at 

the final data collection, representing a total attrition of 30.1%. This is significantly lower 

than in Cambodia. Reasons for this are likely due to the Lao PDR study running for 

approximately 10 months (or one-third) less time than the Cambodian study, and the main 

focus on Lao PDR animals being breeding. There is also the possibility that the trading 

market in Cambodia is more established than in Lao PDR. 

 

Large ruminant sickness and death was not well recorded in the data from either country. It is 

likely that the 104 cattle removed from the Cambodian dataset for ‘unknown’ reasons 

included either these outcomes. Animals sick or injured may also be sold prior to death. The 

ADB’s Livestock Sector Review in Lao (2005) identified animal health problems as major 

issues. In the ADB report (2005) mean cattle and buffalo annual mortality were both 8%. It 

further reported that it takes a calf 3-5 years to reach a saleable weight; therefore the 8% 

annual mortality can be extrapolated to 20-30% mortality of all offspring before fully grown 

(ADB 2005).  
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Body condition scores were assessed on different scales in each country. The condition was 

an assessment by the owning farmer. Cambodia had a scale of 1 to 4 with 1 being ‘Fat’ and 4 

being ‘Very Skinny’. At the start of the study, the mean cattle BCS in Cambodia was 3.8 for 

Local breed and 3.4 for Crossbred, indicating that animals were in very poor body condition 

between ‘Skinny’ and ‘Very Skinny’. In Lao PDR the BCS scale was from 1 to 3 with 1 

being ‘Skinny’ and 3 being ‘Fat’. The mean BCS was 2.2 for cattle and 2.4 for buffalo, 

indicating that large ruminants were between ‘Medium’ and ‘Fat’ at study commencement.  

Potential and measured impacts of Interventions 
 

Animal health interventions 
 
An effective vaccination program requires and is reliant on an effective cold chain which is 

variable between districts and villages in Lao PDR (ADB 2005). Six monthly vaccinations 

against HS for cattle herds reduce mortality and morbidity of infected animals and reduce 

embryonic and foetal losses in animals that survive the disease (ADB 2005). Based on 

official vaccine production and distribution data in Lao PDR estimates of vaccination 

coverage rates are below 10% for most diseases, and estimated at 6% for HS suggesting 

significant scope for increasing vaccination rates (Harding et al 2007). All animals enrolled in 

the project villages were vaccinated for HS bi-annually. Large ruminants in Xiengkhouang 

project villages were vaccinated for FMD in late 2008 but not again until October 2011 due 

to inability to source vaccine. The duration of immunity conveyed by FMD vaccination is 

limited to six months (FAO Livestock report 2006). In recent FMD outbreaks during 2009 

and 2010 in Xiengkhouang, the beneficial effect of vaccination was shown by reducing 

mortality and morbidity rates and the financial impact of FMD incurred by farmers (Rast et 

al, 2010). No outbreaks of HS have been reported in any of the project villages. Parasite 
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control in weaned heifers and castrated male weaners is expected to increase growth rates. 

Parasite control in buffalo calves will reduce mortalities and production losses associated 

with Toxacara spp. infestation. Infections with Toxocara vitulorum in buffalo calves were 

eliminated by treating calves 10-16 days old with an anthelmintic effective against immature 

parasites because infection from the maternal host did not occur beyond 10 days after 

parturition (Roberts, 1989) and there was no new infection and recontamination of the 

environment was precluded (Roberts 1992). The development of village movement control 

strategies should minimise chances of HS and FMD disease outbreaks through the 

establishment of quarantine areas in a central location where animals are taken for sale (ADB 

2005).  

Nutrition technology development 
 

During the dry period in Cambodia most livestock become very thin because of the poor 

quality feed supply (Borin 1996). Most Cambodian farmers raise cattle extensively in the 

traditional manner where feed is based on the natural grasses available along the road sides, 

surrounding households or in the paddy rice fields after the rice harvest. In the traditional 

system, cattle eat what is available (Sath et al 2008), which can be largely dependent on the 

season. In Lao PDR the PLDP (ADB 2005) reported that feeding strategies can be most 

easily applied if cattle are segregated according to their feed requirements. The introduction 

of forages will enhance overall levels of productivity and can be used in many strategic ways 

as a supplement to native grasses, rice bran or as a complete diet in times of feed shortage 

(ADB 2005).  

 

Initially 5-6 farmers were selected in each of the three intervention villages to grow, maintain 

and harvest recommended forage species using supplied seed, seedlings or rooted tillers. This 
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number increased each year based on farmer interest and demand.  Farmer selection was 

based on commitment, having in excess of one animal plus the potential capability to fence 

and irrigate at least 300m2 of land. Data was collected separately to the current database of 

the production, and it is expected that if data was collected assessing forage intakes and 

weight gains results would show a strong relationship. The initial target of 5-6 households per 

village was exceeded due to the enthusiasm of participants. It was noted that many farmers in 

nearby villages commenced planting forages by themselves, having visited the project forage 

plantations where they learned techniques from farmers and from information provided on 

audiovisual and radio media. The rapid uptake of forage development demonstrated that 

despite initial resistance from farmers that complained that growing grass for cattle was 

unnecessary, when farmers are trained to understand the year round energy deficiency that 

exists in the rice-based subsistence system of cattle raising, forages technology can be rapidly 

adopted in project sites and surrounding villages. The social implications of forage utilisation 

include labour savings due to major reductions in time taken to supervise grazing animals and 

cut-and-carry grasses for feeding (10 minutes instead of 60 minutes per animal per day) plus 

the benefits of readily collected manure from forage-fed cattle for production of gas for 

lighting and cooking through biodigestion. One Lao PDR farmer commented that forage 

growth had allowed his children more time to do homework as less time was spent tending to 

cattle after school. During project village visits, the farmers were very proud of their forage 

plots, and indicated that the forage provided; 

• Palatable animal feed 

• Improved animal growth and body condition score 

• Reduced labour 

• A source of manure 
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During 2008 and 2009, 2.88 ha of land in the Cambodian project villages had been 

established with forages by 62 households. This equated to an average of over 1600 m2 of 

land planted with forages per household. By the mid part of 2010, over 18.3 ha of land had 

been developed in forages in the three Cambodian project provinces by 426 households, 

equating to an average of 432 m2 of land planted by each household. In Lao PDR 176 farmers 

had developed just over 27.7 ha of forage by 2010, which on average equates to 220 m2 per 

farmer. Lao PDR project farmers had also developed 32 fattening stalls, and 48 farmers had 

adopted silage technology. 

 

This data shows rapid uptake of forage and nutrition technology. It is likely that forage 

development is  having an impact on the weight gain of animals in project villages. More data 

is needed to assess project animals being target fed forage crops. The introduction of targeted 

feeding in order to fatten identified animals will result in vastly improved average daily 

weight gains and additional training is required to enable progressive farmers to better utilise 

their new forage resources for fattening. Importantly, increased interest by farmers to invest 

in disease risk management is emerging, with demonstration of the absence of infectious 

diseases (such as FMD and HS) in trial sites despite nearby epidemics. This study suggests 

that integration of nutrition and health is an important strategy for potentially alleviating 

poverty of rural smallholder farmers and for addressing regional transboundary disease 

control initiatives and local food security management (Windsor, 2011). 
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Reproduction 
 
In Cambodia, reproductive information gathered during the study was limited. After the first 

collection, only nine project animals were recorded to have given birth. This is likely to be 

affected by the high project attrition rate of animals and little emphasis on reproductive 

management. In Lao PDR reproductive conclusions are also limited and were not a main 

focus in this analysis due to data collection occurring periodically and no specific dates 

recorded. Harding et al (2007) has previously reported that calving rates are relatively low, 

with females producing their first calf at an age of 3 years, and an average annual calving rate 

of around 70 per cent. Calving rates for buffalo are considerably lower, estimated at around 

50 per cent (ILRI 2002). This performance reflects not only disease prevalence, but also 

parasite control and poor nutrition (Harding 2007). 33.6% of female large ruminants in Lao 

PDR gave birth at least once during the 20 months of the project, indicating lower 

reproductive performance than previously reported. With a low focus on reproductive 

technologies, traditional methods of breeding, little evidence of targeted reproductive 

management occurs. Breeding is not controlled and is based on opportunity, usually during 

periods of communal herding (Stur et al. 2002). 

 

BCS changes in Cambodia 
 
In figure 13 the mean of animals BCS is shown at each of the 6 collection points. It can be 

seen that the High Intervention groups mean BCS has a reducing trend over the 6 collections, 

while the Low Intervention group stays more static. At the 6th data collection, the mean body 

condition score of all animals was 0.67 BSC higher in the high intervention group than the 

mean BCS in the low intervention group. 
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Cambodian mean daily weight gains 
 
With a high attrition rate and limited evidence of replacement study animals, the ability to 

look at the weight changes of individual animals over the entire duration of the study was 

limited. To counter this, cattle weight gains were assessed by analysing the weight changes of 

cattle between each two collections, whereby mean daily weight changes could be assessed. 

This increased the number of cattle available for analysis, and also reduced otherwise 

potential influencing factors such as an animal missing a weighing at a particular collection 

date. Mean daily weight gains in the high intervention groups were higher than the low 

intervention groups for animals of all ages (ranging from a mean of 30 grams to 80 grams per 

day more weight gain at each weight gain period), the differences identified were statistically 

significant to a P value of <0.001 when analysed using a two-sample unpaired t-test. When 

this difference is extrapolated the animals in high intervention villages would be gaining 

between 11 kg to 29 kg per year more than animals in the low intervention groups. This 

change was the equivalent to an improvement of 2/3rds of a body condition score, potentially 

increasing the cattle’s fertility, immunity, and general health status. The difference in animal 

body condition score became more enlarged as time went on, indicating that the effect of the 

interventions was accumulative as the transfer of skills and technology gathers momentum. It 

is suspected that the each intervention would have a compounding or additive effect with 

other interventions.  

Mean daily weight gains Lao PDR 
 
Harding (2007) has reported that growth rates are low, with animals taking 4-6 years to reach 

mature weights. During the 5 weight gain periods only 3 had a significantly different mean, 2 

of which indicated a greater mean daily weight gain in the low intervention groups. At the 

fourth weight gain period, the HI group had a mean daily weight gain of 60 grams more than 

the LI group. Further stratification was undertaken and animals 3 years of age were assessed. 
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Only the 4th weight gain period had a statistically different mean between the two groups, 

where the HI group had a mean daily weight gain of almost 40 grams higher than the LI 

group (P = 0.017). 

 

Multiple linear regression of the daily growth rate during period 5 - Cambodia 

The adjusted R2 value indicated 35.1% of the variation in mean daily weight gain during the 

fifth weight gain period was accounted for by age, breed, draft use, intervention, and the 

interaction of the age and intervention variables. Local breed had a 12 gram higher mean 

daily weight gain when adjusting for other variables compared to crossbred animals. Use of 

draft reduced the mean daily weight gain by 10 grams per day after adjusting for other 

variables in the model. The interaction of age and intervention was significant (P=0.010), 

therefore the effect of the high or low intervention on growth rate cannot be assessed 

independently without age. The high intervention group had a higher growth rate by 54 grams 

per day (P<0.001, 95% C.I. 0.041, 0.067) than low intervention animals after adjusting for 

other variables in the model. Assessment of clustering of animals at the village level was 

assessed. The Intra-class correlation coefficient (ICC) was calculated to assess the total 

proportion of the total variance accounted for by random effects encountered due to 

clustering of animals at the provincial level. The ICC was calculated at -0.0023 (P = 0.655), 

indicating that the proportion of the total variance accounted for by the province was not 

significantly different from zero. 

Multiple linear regression of the daily growth rate during period 5 – Lao PDR 

The adjusted R2 value indicated 8.7% of the variation in the mean daily weight gain during 

the fifth weight gain period was accounted for by age, breed, intervention, condition and the 

interaction of the age and condition, breed and condition, breed and intervention, and 

condition and intervention. With four significant interaction terms, interpretation of all the 
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four significant variables cannot be made independently. When predicted means were 

calculated, the low intervention animals had a higher mean daily weight gain in most cases. It 

is expected that this result is due to a combination of factors, including; 

• The primary use of the study animal was breeding, therefore the stock class which 

would be targeted for weight gain (fattening animals for slaughter) were not captured 

in the study 

• Information and technology ‘leakage’ to low intervention villages (e.g. 29 farmers in 

the Houaphan low intervention village developed forages) 

• A large amount of data entry errors including invalid and inconsistent results 

• High interventions were delivered to Low Intervention villages (one anthelmintic 

treatment) 

The second point raised; ‘leakage’ is not a negative impact to the project as more farmers up 

taking the technology the better. Furthermore, these farmers independently sourced and 

requested the information. 

The Intra-class correlation coefficient (ICC) was calculated at 0.054 (P = 0.174), indicating 

that the proportion of the total variance accounted for by the province was not significantly 

different from zero. 

Seasonal weight gain differences 
 
Significant seasonal differences in the mean daily weight gain were identified in Cambodia. 

Cattle gained an extra 90 grams per day on average during the rainy season compared to the 

dry season (P < 0.001) when all seasons were assessed. As in Cambodia, a significant 

difference of mean daily weight gains was seen in Lao PDR during the rainy and dry seasons. 

During the rainy season large ruminants had a mean daily weight gain of 140 grams per day 

more than during the dry season (P < 0.001). While this was not surprising due to the marked 
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differences in rainfall, it does show that farmers should make further efforts to meet animal 

requirements during the dry season if animal weight gains are to be maintained. 

Data management 
 
A number of errors in the data were identified and opportunities to correct or revise project 

data collection may have been missed. In Cambodia a significant number of animals were 

lost during the course of the study (mostly to sale) which was not replaced, resulting in a less 

than desirable number of animals for analysis at the final data collection. In Lao PDR several 

issues in data collection and management were identified including: 

• A significant number of data entry errors including weight, height and date entry 

outliers resulting in the deletion and loss of data (due to invalidity) 

• There is highly variable individual animal weight between collections (inconsistency) 

• Limited recording of animal treatments and vaccination (data not entered) 

In Cambodia separate databases were developed to collect information on forage 

development, parasitological samples and disease outbreaks were tabulated elsewhere. 

Linking the forage database to this studies database was not possible due to different 

sampling methods and translation variation in farmer name, therefore statistical inferences 

could not be made on the effects of the forage technology development. Bull selection data 

was collected in Lao PDR, however 132 of the 152 animals designated as ‘Yes’ for bull 

selection were male large ruminants, indicating a lack of understanding by both farmers and 

Project Staff. 

 

Procedures for data checking should be implemented before data entry begins (Vittinghoff 

2005). Provision must be made for verifying data during the process of combining them with 

an existing collection of data (Thrusfield 2009) such as the case with a longitudinal study 

whereby data is added periodically. As many checks as possible should be made on each 
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datum, and the criteria used for checking should remain a permanent characteristic of the data 

that have satisfied the criteria (Thrusfield 2009). Checks should be made on the data to ensure 

internal consistency (Thrusfield 2009). Data that are entered via keyboards are subject to four 

types of error which are collectively called ‘finger trouble’. These errors are; 

• Insertion, where extra characters are erroneously added 

• Deletion, where characters are omitted 

• Substitution, where the wrong character is typed 

• Transposition, where the correct characters are typed in the wrong order (Thrusfield 

2009) 

Dohoo (2007) suggests double-data entry followed by comparison of the two files to detect 

any inconsistencies is preferable to single-data entry. Two people entering data would enable 

verification of values entered and provide the opportunity to correct any errors. Data 

verification involves checking every variable. For continuous variables, data verification may 

involve; 

• Determine the number of valid observations and missing variables 

• Check maximum and minimum values to ensure they are reasonable 

• Prepare a histogram to obtain an idea of the distribution and if it looks reasonable 

(Dohoo 2007) 

For categorical variables, data verification may involve; 

• Determine the number of valid observations and missing variables 

• Obtain a frequency distribution to see if the counts in each category look reasonable 

(Dohoo 2007) 

 

Recommendations for future data management and collection include; 
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1. Define the research question and desired outcome specifically prior to project 

implementation and revise periodically if necessary  

2. Establish data checking at the time of data entry such as those mentioned above 

3. Conduct a descriptive analysis at the time of each data entry to assess and correct 

errors, and allow audit and assessment that the data collected meets criteria set to 

achieve desired outcomes immediately after data entry 

 

Conclusion 
 
This data analysis provides baseline production performance parameters for project provinces 

in both countries. The delivery and implementation of the multifaceted interventions by way 

of extension training has been supported in Cambodia with statistical evidence of improved 

mean daily weight gains during the latter part of the project in the high intervention project 

sites. In Lao PDR, evidence of small scale farming improvement has also been seen, and the 

data on forage development supports the rapid uptake by farmers of improved technologies in 

both countries.  

 

Continued training of extension staff remains a high priority and more funding to continue 

staff training workshops will be needed. This project has shown that a holistic approach to 

improving livestock productivity and animal health can be effectively implemented and 

managed. The momentum gained with intervention technology and skills needs to be 

continued and further steps should be taken to continue the gains seen. Two potential areas of 

focus include the segregation and target feeding of stock classes to exemplify production 

gains, and secondly, knowledge and skills in reproduction management should be 

implemented and managed. Targeted and specific data collections with these two aims in 

mind should be undertaken to quantify the gains achieved. 
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Appendix 1 
Animal Record Card – Cambodia (Overleaf) 
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Appendix 2 
Animal Record sheet – Lao PDR (Overleaf) 
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Appendix 3 
Further descriptive analysis of data from Cambodia 

Number of animals enrolled into each study village and province in the study 

Village Province Intervention No. of animals 
Nomo Takeo High 251 
Dem Kdet Takeo Low 247 
Prek Por Kandal High 256 
Koh Kor Kandal Low 257 
Senson Tbong Kampong Cham High 253 
Veal  Kampong Cham Low 252 
Grand Total   1516 
 

Total numbers of animals weighed at each data collection and % attrition 

Loss of animals during study period 
No. enrolled 1516 % of start total % Attrition 
Collection 1 1415 93.4 6.6 
Collection 2 1068 70.5 29.5 
Collection 3 867 57.2 42.8 
Collection 4 690 45.5 54.5 
Collection 5 544 35.9 64.1 
Collection 6 370 24.4 75.6 

 

Analysis of age of animals in High and Low intervention Groups 

Age Low High 
No. of obs. = 756 759 
Mean = 3.92 3.15 
Median = 4 3 
Minimum = 0.11 0.10 
Maximum = 12 13 
Lower quartile = 2 1.5 
Upper quartile = 6 5 
Std. Dev. = 2.31 2.22 

 

The following tables and figures show the total movements recorded for each Intervention 
Group. 
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Low intervention animal movements 

Collection Sold Unknown Unchanged Total 
1 0 0 756 756 
2 124 19 613 756 
3 97 14 522 633 
4 87 2 436 525 
5 92 0 336 428 
6 125 20 188 333 
Total 525 55 2851   

 

High Intervention animal movements 

Collection Sold Unknown Unchanged Total 
1 0 0 759 759 
2 145 23 591 759 
3 61 2 549 612 
4 135 1 184 320 
5 78 3 325 406 
6 62 20 240 322 
Total 481 49 2648   

 

Weight gain tables for Cambodia 

The following series of tables show key statistical parameters of the daily weight gains (kg) 
corresponding to each 2 collection points. For example, the table ‘Weight gain 1’ shows in 
the second row of data, the mean daily weight gains observed in all 6 villages between the 
first and second collection points.  

Table 18. Weight gain 1 to 5 shows the statistical parameters for weight data between 
the first and second (Weight gain 1), the second and third (Weight gain 2), the third and 
fourth (Weight gain 3), the fourth and fifth (Weight gain 4), and the fifth and sixth 
(Weight gain 5) collections. 

Weight gain 1 Nomo DemKdet PrekPor KohKor SensongTbong Veal 
No. of values 
= 187 209 131 135 176 193 
Mean = 0.12 0.15 0.22 0.10 0.25 0.13 
Median = 0.12 0.15 0.20 0.08 0.24 0.12 
Minimum = -0.20 -0.21 -0.10 -0.24 -0.03 -0.24 
Maximum = 0.36 0.49 0.56 0.67 0.67 0.57 
L. quartile = 0.06 0.08 0.14 0.03 0.14 0.06 
U. quartile = 0.18 0.22 0.31 0.15 0.32 0.20 
Std. Dev. = 0.09 0.12 0.13 0.14 0.14 0.12 
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       Weight gain 2 Nomo DemKdet PrekPor KohKor SensongTbong Veal 
No. of values 
= 157 148 100 96 150 146 
Mean = 0.05 0.02 0.10 0.04 0.04 0.02 
Median = 0.05 0.03 0.09 0.05 0.05 0.03 
Minimum = -0.13 -0.11 -0.11 -0.14 -0.07 -0.09 
Maximum = 0.18 0.26 0.50 0.29 0.16 0.14 
L. quartile = 0.02 -0.02 0.06 -0.02 0.01 -0.01 
U. quartile = 0.08 0.06 0.14 0.09 0.08 0.06 
Std. Dev. = 0.05 0.07 0.10 0.08 0.05 0.05 

       Weight gain 3 Nomo DemKdet PrekPor KohKor SensongTbong Veal 
No. of values 
= 118 125 77 78 110 122 
Mean = 0.13 0.05 0.15 0.04 0.12 0.05 
Median = 0.13 0.05 0.15 0.05 0.11 0.05 
Minimum = -0.06 -0.11 0.04 -0.15 -0.14 -0.07 
Maximum = 0.31 0.17 0.39 0.18 0.32 0.22 
L. quartile = 0.08 0.03 0.10 0.01 0.07 0.03 
U. quartile = 0.17 0.09 0.19 0.07 0.15 0.08 
Std. Dev. = 0.07 0.05 0.07 0.06 0.06 0.05 

 

       Weight gain 4 Nomo DemKdet PrekPor KohKor SensongTbong Veal 
No. of values 
= 101 94 73 71 93 99 
Mean = 0.07 0.01 0.10 0.01 0.07 0.00 
Median = 0.07 0.02 0.11 0.02 0.08 0.02 
Minimum = -0.05 -0.22 -0.06 -0.06 -0.07 -0.09 
Maximum = 0.20 0.08 0.26 0.11 0.19 0.13 
L. quartile = 0.05 -0.03 0.08 -0.03 0.04 -0.03 
U. quartile = 0.09 0.03 0.13 0.04 0.10 0.03 
Std. Dev. = 0.05 0.04 0.07 0.04 0.06 0.05 
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Weight gain 
5 Nomo DemKdet PrekPor KohKor SensongTbong Veal 
No. of values 
= 67 61 49 44 73 69 
Mean = 0.13 0.09 0.12 0.09 0.13 0.08 
Median = 0.14 0.08 0.13 0.09 0.13 0.08 
Minimum = 0.03 0.02 -0.46 0.04 0.04 0.03 
Maximum = 0.24 0.17 0.21 0.19 0.24 0.18 
L. quartile = 0.10 0.07 0.10 0.08 0.09 0.07 
U. quartile = 0.16 0.10 0.16 0.10 0.15 0.09 
Std. Dev. = 0.04 0.03 0.09 0.03 0.04 0.03 

 

The following 2 tables show key statistical parameters of the daily weight gains (kg) of each 
of the two intervention groups.   

Weight gain summary of the high Intervention groups 

High Intervention Wt Gain 
1 

Wt Gain 
2 

Wt Gain 
3 

Wt Gain 
4 

Wt Gain 
5 

Number of observations 
= 494 407 305 267 189 
Mean = 0.19 0.06 0.13 0.07 0.13 
Median = 0.18 0.06 0.12 0.08 0.13 
Minimum = -0.20 -0.13 -0.14 -0.07 -0.46 
Maximum = 0.67 0.50 0.39 0.26 0.24 
Lower quartile = 0.11 0.02 0.09 0.06 0.10 
Upper quartile = 0.28 0.09 0.17 0.11 0.15 
Standard deviation = 0.13 0.07 0.07 0.06 0.06 

 

Weight gain summary of the low intervention group 

Low Intervention Wt Gain 
1 

Wt Gain 
2 

Wt Gain 
3 

Wt Gain 
4 

Wt Gain 
5 

Number of observations 
= 537 390 325 264 174 
Mean = 0.13 0.03 0.05 0.01 0.09 
Median = 0.13 0.03 0.05 0.02 0.08 
Minimum = -0.24 -0.14 -0.15 -0.22 0.02 
Maximum = 0.67 0.29 0.22 0.13 0.19 
Lower quartile = 0.05 -0.02 0.03 -0.03 0.07 
Upper quartile = 0.20 0.07 0.08 0.04 0.10 
Standard deviation = 0.13 0.07 0.05 0.04 0.03 
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Appendix 4 
Further descriptive analysis of data from Lao PDR 

Number of animals enrolled into each study village and province in the study at study 
commencement 

Village Province Intervention 
Count of 
Animal 

BanHardPang Luangphrabang High 267 
BanHuayPaen Luangphrabang Low 278 
BanNaKud Houaphan High 277 
BanNavieng Houaphan Low 271 
BanNong Xiengkhouang High 293 
BanNaDee Xiengkhouang Low 299 
Grand total   1685 

 

Total numbers of animals weighed at each data collection and % attrition 

Loss of animals during study period 
No. enrolled 1692 % of start total % Attrition 
Collection 1 1685 99.6 0.4 
Collection 2 1606 94.9 5.1 
Collection 3 1529 90.4 9.6 
Collection 4 1471 86.9 13.1 
Collection 5 1379 81.8 18.2 
Collection 6 1183 69.9 30.1 

 

Analysis of age of animals in High and Low intervention Groups 

Age High I. Low I. 
No. of obs. = 841 851 
Mean = 4.58 4.10 
Median = 4.08 3.42 
Minimum = 0.00 -0.83 
Maximum = 18.00 13.33 
Lower quartile = 2.58 2.00 
Upper quartile = 6.08 5.73 
Std. Dev. = 2.77 2.75 

 

NB. In the low intervention data two animals had an age less than 1. This is because at the 
time of age measurement at data collection 1, these animals were not born yet, and later 
added to the study. 
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Use of animals 

Draft 

11 animals were designated for use for Draft purposes. This equates to less than 0.01% of all 
animals. The table below shows the animal’s sex and breed used for Draft. 

Animal sex, breed and count used for Draft 

DRAFT Cattle Buffalo Total 
Male 2 3 5 
Female 5 1 6 
Total 7 4 11 

 

Breeding 

A total of 1646 animals were designated use for Breeding. This indicates that the use for 
breeding accounts for 96.7% of all animals in the study. 

Animal sex, breed and count used for Breeding 

BREEDING Cattle Buffalo Total 
Female 752 358 1110 
Male (entire) 356 173 529 
Male 
(castrate) 1 1 2 
Total 1109 532 1641 

 

Cash 

A total of 4 animals were used for cash. Of these, 2 were females and 2 were males. Only one 
of the four animals was a Buffalo. 

Slaughter 

A total of 13 animals were designated for use for Slaughter. The table below shows the sex, 
breed and count of slaughter animals. 

Animal sex, breed and count used for Slaughter 

SLAUGHTER Cattle Buffalo Total 
Male 4 5 9 
Female 2 2 4 
Total 6 7 13 
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Other 

A total of 13 animals were used for Other. There was no further information provided as to 
what the use ‘Other’ may be. 

Animal sex, breed and count used for Other 

OTHER Cattle Buffalo Total 
Male 2 1 3 
Female 7 3 10 
Total 9 4 13 

 

Weight gain tables for Lao PDR 

Weight gain 1 BanHardPang BanHuayPaen BanNaKud BanNavieng BanNong BanNaDee 
No. of values 

= 171 188 113 146 176 178 
Mean = 0.05 0.15 0.04 0.05 -0.03 0.06 

Median = 0.08 0.16 0.03 0.03 -0.04 0.07 
Minimum = -0.58 -0.43 -0.94 -0.63 -0.70 -0.55 
Maximum = 0.97 1.33 0.96 1.18 1.10 0.92 
L. quartile = -0.09 0.02 -0.07 -0.06 -0.18 -0.05 
U. quartile = 0.18 0.27 0.16 0.10 0.09 0.17 
Std. Dev. = 0.23 0.23 0.32 0.23 0.27 0.20 
Variance = 0.05 0.05 0.10 0.05 0.07 0.04 

 

Weight gain 2 BanHardPang BanHuayPaen BanNaKud BanNavieng BanNong BanNaDee 
No. of values 

= 183 202 160 165 195 191 
Mean = 0.22 0.26 0.17 0.15 0.20 0.22 

Median = 0.20 0.27 0.11 0.17 0.25 0.19 
Minimum = -0.51 -0.94 -0.57 -0.92 -0.47 -0.36 
Maximum = 1.41 1.11 0.83 0.88 0.78 1.03 
L. quartile = 0.14 0.19 0.03 0.04 0.09 0.10 
U. quartile = 0.27 0.34 0.34 0.30 0.34 0.30 
Std. Dev. = 0.19 0.20 0.24 0.27 0.23 0.20 
Variance = 0.04 0.04 0.06 0.07 0.05 0.04 
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Weight gain 3 BanHardPang BanHuayPaen BanNaKud BanNavieng BanNong BanNaDee 
No. of values 

= 184 205 164 154 203 201 
Mean = 0.13 0.12 0.18 0.27 0.09 0.07 

Median = 0.13 0.13 0.17 0.22 0.08 0.08 
Minimum = -0.52 -1.03 -0.57 -0.85 -1.07 -0.73 
Maximum = 1.12 1.27 0.93 1.89 1.52 0.89 
L. quartile = 0.07 0.06 0.01 0.08 -0.02 -0.02 
U. quartile = 0.19 0.19 0.36 0.40 0.21 0.17 
Std. Dev. = 0.17 0.19 0.27 0.37 0.27 0.21 
Variance = 0.03 0.04 0.07 0.14 0.08 0.04 

 

Weight gain 4 BanHardPang BanHuayPaen BanNaKud BanNavieng BanNong BanNaDee 
No. of values 

= 185 204 118 157 187 197 
Mean = 0.08 0.06 -0.07 -0.16 -0.04 -0.09 

Median = 0.08 0.06 -0.02 -0.11 -0.05 -0.05 
Minimum = -0.17 -0.78 -0.91 -0.95 -0.88 -0.71 
Maximum = 0.81 0.84 0.63 0.69 1.01 0.35 
L. quartile = 0.03 0.01 -0.18 -0.30 -0.16 -0.20 
U. quartile = 0.13 0.12 0.05 -0.01 0.08 0.05 
Std. Dev. = 0.12 0.16 0.26 0.23 0.24 0.20 
Variance = 0.01 0.03 0.07 0.05 0.06 0.04 

 

Weight gain 5 BanHardPang BanHuayPaen BanNaKud BanNavieng BanNong BanNaDee 
No. of values 

= 184 203 117 143 181 188 
Mean = 0.11 0.15 0.15 0.15 0.05 0.11 

Median = 0.08 0.11 0.13 0.16 0.07 0.12 
Minimum = -0.96 -0.33 -0.95 -0.86 -0.46 -0.63 
Maximum = 1.16 1.55 1.17 1.93 0.83 1.99 
L. quartile = 0.02 0.06 0.03 0.02 -0.03 0.00 
U. quartile = 0.16 0.18 0.34 0.23 0.15 0.22 
Std. Dev. = 0.27 0.23 0.29 0.27 0.17 0.24 
Variance = 0.07 0.05 0.08 0.07 0.03 0.06 
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Tables showing descriptive statistics of weight gain periods 1 – 5 for the high and low 
intervention groups 

High Intervention 
Wt Gain 

1 
Wt Gain 

2 
Wt Gain 

3 
Wt Gain 

4 
Wt Gain 

5 
Number of observations 
= 460 538 551 490 482 
Mean = 0.02 0.20 0.13 0.00 0.10 
Median = 0.02 0.21 0.12 0.02 0.08 
Minimum = -0.94 -0.57 -1.07 -0.91 -0.96 
Maximum = 1.10 1.41 1.52 1.01 1.17 
Lower quartile = -0.12 0.07 0.01 -0.10 0.00 
Upper quartile = 0.15 0.32 0.23 0.11 0.18 
Standard deviation = 0.27 0.22 0.25 0.22 0.24 
Variance = 0.07 0.05 0.06 0.05 0.06 

 

Low Intervention 
Wt Gain 

1 
Wt Gain 

2 
Wt Gain 

3 
Wt Gain 

4 
Wt Gain 

5 
Number of observations 
= 512 558 560 558 534 
Mean = 0.09 0.21 0.15 -0.06 0.14 
Median = 0.08 0.22 0.13 -0.01 0.12 
Minimum = -0.63 -0.94 -1.03 -0.95 -0.86 
Maximum = 1.33 1.11 1.89 0.84 1.99 
Lower quartile = -0.05 0.09 0.03 -0.16 0.04 
Upper quartile = 0.19 0.31 0.23 0.07 0.21 
Standard deviation = 0.22 0.23 0.27 0.21 0.24 
Variance = 0.05 0.05 0.07 0.05 0.06 

 

 


