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Figure 4. Price-weight relationships, female cattle, 
Purwodadi market. 

Many explanations can be offered for such large 
differences in value - condition, training, pregnancy. 
Added to these must be the skills of the traders conduct­
ing the negotiations and the secrecy with which all such 
negotiations are conducted. 

It was a simple, successful and useful study. Data was 
accurate for weight but less accurate for price. However, 
the overall accuracy was better than informal estimates 
made before. The study indicated that any economic 
valuation of animals in the system has to allow for 
variable price outcomes. Budgets should incorporate 
±50% liveweight prices when estimating overall returns 
to cattle and buffalo management. And, finally, uncer­
tainty on final sale price may be an important clue to the 
reluctance of many farmers to rear cattle or buffalo. 

farmers usually rear only 1-5 cattle or buffalo at anyone 
time. These are major capital assets. The inventory was 
akin to asking Australians, for example, to list the cars 
that they have owned in the Jast ten years. 

The results were reliable and proved a strong ehal­
lenge to our original assumptions - the pleasure of being 
proved wrong! Problems with early recall for some 
farmers were expected and accepted. Farmers did not 
find this a taxing study. Long-term data was available 
quickly, covering a span not possible in a monitoring 
project. 

The main results are detailed elsewhere (Perkins and 
Semali 1989). Most noticeable was the relatively vigor­
ous trading conducted by many farmers. Three examples 
of individual farmers' inventories are given in Figure 5. 

Table 10. Ten-year livestock inventory, two survey 
villages, 1988. 

Objective 

Data 

Look at patterns of livestock­
rearing over time. 

Primary; farmers asked to recall 
all cattle or buffalo entering 
(birth, purchase, rent-in, 
swap-in) and leaving (sale, death, 
consumption, rent-out, 
swap-out) from 1978 to 1988. 

Inventory Study Sample c.180 farmers in two DAP sur­
vey villages. One problem associated with monitoring studies is the 

relatively static picture that they portray. A few animals 
are purchased or sold, two or three are born and there may 
be an occasional death. The overall impression is of low Enumerators 
inputs and low vigour. Indeed, that was our first interpre-
tation of general animal management at the study site. 
Accepting such a model would point research towards Length 
cost-saving, low maintenance aspects of animal hus-
bandry. 

It was decided that this informal model needed test-
ing. After all, calves were born - where did they go? Benefits 
Were they retained as future replacements or sold? Were 
mature animals ever bought? Did farmers keep mature 
females until they had reached the end of their reproduc-
tive life? 

The method of test was a ten-year livestock inventory 
(Table 10). Each farmer currently raising cattle and 
buffalo in the two villages was asked to recall all animals Problems 
that had come into, or left, that farm through birth, 
purchase, or renting-in, and sale, death or renting-out. A 
ten-year recall was felt to be an achievable target as 
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Four staff, part-time. 

Data collection, editing onto tran­
scription sheets - three months. 

Reasonably quick and cheap; 
very usable data, especially for 
previous five to seven years; no 
easier way to get long-term 
indicative data. 

Poorer recall for earliest years; 
no checks possible on accuracy; 
previous rearers not covered. 



a) Long retention; low activity 

(~9 1988 

r --- ------

I 
1988 

--------
! 

--_. __ .. --
I 1984 

I 
I 

i 
1982 

i 09 
! 1980 

I 1978 

0) Short retention; high activity 

1988 

1986 

1984 

!------------------- ------
1962 

1980 

1978 

Source: Perkins and Semali (1989) 

Figure 5. Individual examples of ten-year livestock 
inventories, 1988. 

We had forecast that most would resemble the types 
shown in (a) and Cb), i.e., long retention on farm of female 
animals, calving interval of 3-5 years. In fact, most lay 
in a position somewhere between examples (b) and (c), 
the latter a very vigorous trader and swapper of cattle. 
The other major result was the frequent sale of calves 
born on the farm. This was not a system characterised by 
self-replacement of cattle and buffalo. Most calves were 
sold and most were sold within twelve months of birth. 

Calf Models 

By the final stages of the project the economists had 
moved away completely from studying draught animals 
to exploring farmers' apparent preferences to sell young 
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cattle. Heavier cattle are worth more and they are also 
capable of pulling heavier weights. Why did farmers 
instead choose to sell cattle and buffalo at a young age 
before they had a chance to capitalise on the apparent 
benefits of maturity? 

A rationale was formulated. Calves (i.e. livestock of 
age less than 24 months) are growing quickly, require 
fewer inputs and to sell them young is to maximise on 
returns to effort. To test this hypothesis we required an 
'all-of-life' growth curve, in which we could examine the 
relationships between age, weight and sale value, and set 
these against the labour required for management which, 
largely, involves labour for feeding. Information from 
the Purwodadi market study included only a few exam­
ples of calf age, weight and value relationships. A study 
was mounted to gain the maximum cross-sectional data 
for cattle weights and ages in the minimum of time and 
then use these cross-sectional data as a proxy for growth 
(Table 11). 

This study was one of the more satisfying of those 
undertaken: quick data collection; good data; simultane­
ous answers to a number of fascinating points. It pro­
vided some basic information on cattle raised in Indone­
sian villages, such as weight-girth, weight-age and 
weight-dentition relationships. It also provided a good 
answer to the original question, i.e. the period of maxi­
mum profitability is, indeed, relatively early in the ani­
mal's life (Perkins1992). 



As always, 'profit' is a relative term. In this case, 
profit was based on any farmer's self-assessment of the 
'worth' of his work, i.e. the value of one day's labour. For 
those farmers with high opportunity costs of labour (i.e. 
richer, younger, active, landowners) there was good 
economic sense in selling young animals. For those with 
relatively few income-earning opportunities (e.g. poorer, 
older, less active, landless) the incentive would be to 
maintain the animals for a long period to achieve the 
greater weights and higher values associated with in­
creasing age (Figure 6). 

What Did We Learn? 

Draught animals in tbe fanning system 

The original objective set by the economists was to 
identify those parts of the management of cattle and 

Table 11. Age, weight, value and labour relationships in 
cattle management, East Java, 1990. 

Objectives 

Data 

Sample 

Enumerators 

Length 

Benefits 

Problems 

Test the proposition that maxi­
mum 'profit' for cattle is 
achieved at relatively early stages 
of growth. Improve existing data. 

Primary; weight, girth, sex, con­
dition, dentition and estimates 
of age and sale value recorded 
for each animal; questionnaire 
on farmers' estimates of daily 
labour inputs for feed manage­
ment. 

More than 300 village cattle (two 
breeds) weighed, etc., at two lo­
cations in East Java. About 60 
farmers provided estimates of 
labour use. 

Six staff. 

Data recording, three weeks; 
editing and checking, 5-6 weeks. 

Quick study; accurate data; rapid 
results and reporting possible. 

Age and sale value were only 
estimates; survey conducted in 
dry period, thus 'all-of-life' 
growth curve could be an under­
estimate. 
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Figure 6. Estimated gross margins' for cattle-rearing at 
different daily labour wage rates, 

a Gross margin defined here as total revenue (animal weight x 
rupiah/kg Iiveweight price) minus feeding costs (number of 
days labour to collect feed x cost of one day's labour). 

buffalo which might make the greatest impact on farm­
ers' net income. 

Indonesian farmers are competent managers ofDAP 
and technically efficient in the use of the resources at 
their disposal, including DAP, for rice production. 
Research into draught -specific matters such as equip­
ment, working methods, feeds, training and fitness 
for purpose can make some impact on income for 
animal rearers, but such impact will be small. The 
impact on income of non-rearers (who might rent-in 
OAP for land preparation) will be negligible. This 
statement applies largely to the production offlooded 
rice crops. There may be scope for increasing the use 
of animal power on dryland crops. 
Returns to research on reducing the costs of animal 
management are greater than research into draught 
work. In particular, research into the reduction of 
labour associated with feeding may have an impact 
as, potentially, this can release labour to work in 
other, more lucrative occupations. 
The greatest impact on farmers' net income would 
come through reducing current calving intervals, 
commonly three years or longer. This does not 
address the problem of how to reduce the calving 
interval, which is largely determined by the relative 
scarcity of mature bulls in many villages and infre­
quent opportunities for mating. 
Under current conditions of animal production, farm­
ers could increase net income through concentrating 
on feeding strategies for the dam at the latter stages 
of pregnancy (to promote early lactation) and for the 
young calf (to promote early growth). 



There are few additional returns to be won from 
'better' feeding strategies at the time of land tillage 
unless the farmer is a professional ploughman and his 
animals work on many days of the year. 
Lastly, to reiterate an earlier conclusion (Perkins and 
Semali 1989) most farmers rear draught-capable 
animals, not draught animals. Cattle and buffalo 
(and their operators) require time, labour and skill for 
training and application. But for most farmers the 
greatest economic return comes at the point of sale. 

Methods of gaining information 

The principles of gaining information on draught ani­
mals from farmers and others in the rural system are no 
different, in general, from collecting data on any part of 
that system. However, the following points are worth 
emphasising. 

Never underestimate the value of accurate observa­
tion and careful listening. Most of what you need to 
know can be gained quickly, informally and cheaply. 

Never leave farmers out of the process of collecting 
and analysing information. It is worth maintaining a 
healthy scepticism (check what they say with what 
they do) but do not rely completely on the interpre­
tation of the system by those who are not farmers. 

Short, specific surveys (or experiments) to quantify 
the fuzzy areas that remain after observation, discus­
sion and reviews of published material are the best 
uses of research resources. 

Long-term monitoring or analytical studies should 
be avoided unless absolutely necessary. They absorb 
enormous quantities of valuable skills and time; 
almost invariably they provide more data than is 
needed, can be managed or analysed. The goal of 
research shifts to completion of the study rather than 
evaluation of its worth. 

Detailed case studies of two or three farmers can be 
completed more quickly and will be just as effective 
as a large sample. Many of the 'what if .... .' questions 
can be answered simply by adjusting the appropriate 
values determined in the case studies. 

Use secondary data with great discretion. Do not 
bend data that does not fit research needs. It is 
usually quicker and cheaper to mount a short, spe­
cific study than dredge through material collected for 
some other purpose. 
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Appendix 

Fifteen essential qnestions for DAP researchers 

A. Draught-related 

1. Is there any evidence of a shortage of power for land preparation? 
Are fields left untilled during the peak cropping period? If so, why? If nol, lolal power for tillage may be sufficient but not 
necessarily abundant or cheap. 

2. How is power supplied? 
Hand labour; DAP; mechanical power; all or some? Any indication of changes in recent times. 

3. When is power supplied? 
Trace power through the annual cropping cycles - is it DAP for this and hand labour for that? Land preparation; seeding! 
transplanting; weeding; fertilizer application; spraying; harvesting; processing; transport. Who, or what, does what? Is there 
substitution of different power sources for the same task? 

4. How is DAP applied? 
Equipment - what types? Harnessing systems? How much do these items cost? Are they made, purchased or both? What's 
their working life? Do they do the job well? How can you answer that? Are the same animals used for ploughing and carting? 

5. Is there a market for land preparation? 
What are the values (hourly, daily, per ha) for the different types of power? What is the cost for the 'average' farmer to prepare 
his land using the options available? 

6. How much do draught animals work? 
How many days each year, on the farmer's land, on other people's land? What is the typical working day? How much land 
is covered in a day's work - flooded land or dry land; by task; by equipment type. 

7. What animals are used? 
Males or females? How many animals in a team? At what age do they first start to work? Are they trained, and how? 

B. General management 

8. How are they fed? 
Cut-and-carry; herded grazing; tethered grazing; free grazing- how much of each during the year? Who looks after feeding? 
Any evidence of supplementary feeds? 

9. What are they fed? 
Grasses; crop residues; weeds; leaves. Where does it come from? Whose land? Is there a cost? 

10. Who looks after them? 
Family labour and hired labour. What are the costs? What is the current wage rate - daily, weekly? Are there otherrewards? 

11. What is the tenure system? 
How many people own the animals that they raise? Are there renting or sharing schemes? How are the costs and returns 
divided? 

12. What is the breeding system? 
Calving intervals; bull supply. Are there charges for serving cows? 

13. What is their condition? 
General condition; fat cover; coat? Any evidence of harness sores? What is the usual calf survival rate? Do farmers identify 
common health or disease problems? 

14. What are the animals worth? 
As calves, as sexually mature and older animals. By how much can this price change? 

15. How are values set for the animals? 
Marketing and trading systems. What drives these markets? How do farmers value their animals? 

54 



An Overview of Methodology Development for 

Biological Measurements for Draught Power 

:RC. Upadbyay* 

Abstract 

Draught power estimates from biological measurements are possible only to a limited extent. Physiologi­
cal measurements in working animals have been made by conventional methods used in climatic or 
physiological studies, and research methodologies for field measurements are limited. Some of the 
routine techniques for biological measurements are described in the paper. Study of heart rate changes 
appears to be the most direct, simple and often the only method for evaluating the load and work stress. 
Oxygen consumption, though reflecting energy expenditure accurately, has limitations for field use. Rate 
of adjustment to work and rest has been correlated to level of work and stress in animals. 

In draught animal research, instrumentation for the purpose of quantification is not available and the 
major task yet to be accomplished is to develop suitable tools and technology for solving problems of 
detection and quantitative measurement of biological events and change occurring at rest and during 
work. Most physiological functions may be measured by making use of transducers, piezoelectric 
crystals, ultrasonic devices and body-imaging systems commonly available for humans. Some of the 
physiological functions of vital importance for work in animals may be monitored at a distance using 
radiotelemetric systems. 

How can we evaluate the work performance capacity of 
an animal and the intensity of work performed by animals 
under field conditions in natural environments? Most of 
the evaluation systems used on animals involve physi­
ological measurements which have been studied using 
laboratory methods: measurement of oxygen consump­
tion, pulmonary ventilation, cardiac output, stroke vol­
ume, muscle energy and substrates, blood gases, 
metabolites and body temperature changes. Research on 
animals is limited by the methods that can be used 
without impairing the animal's performance and this 
consideration often restricts the number of direct meas­
urements possible for evaluating performance during 
work in large animals, particularly under field condi­
tions. Numerous factors need to be considered for bio­
logical evaluation of work for prediction of work capac­
ity. Some important aspects related to work output and 
assessment systems used by various investigators have 
been reviewed in order to discuss different possible 
methods for capacity prediction. Not all systems used on 
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draught animals have been included in this review, 
mainly due to the vast range of methods which could be 
used for capacity prediction. However, attempts have 
been made to include as much relevant information as 
possible to stimulate discussion on animal capacity 
measurements. 

Prediction of Working Capacity 

Attempts have been made in the past to predict the 
working capacity of animals on the basis of physiological 
and haematological parameters at rest and during work. 
The chief aim of these studies has been to obtain a 
standard for an objective selection of animals most 
suitable for special type of work performed (Brody 1945; 
Engelhardt 1977). Oxygen consumption has been used as 
an index of work capacity and formed a basis for predic­
tion of capacity, particularly where performance consid­
erations are of prime importance. Blood biochemicals 
and other haematological parameters have also been 
studied in equine species and it has been observed that 
animals with markedly deviating values for these vari-



abIes usually showed signs of reduced working capacity 
and stamina (Persson 1967). Often the results of 
haematological, blood biochemicals and energy substrate 
levels in oxen during load-pulling did not reveal anything 
conclusive and these variables could not be used as a 
measure of physical working capacity, either individu­
ally or as an average for cattle (Upadhyay and Madan 
1988, Singh et al. 1968a). 

The information with which to evaluate the draught 
animal (DA) for power output has to be gathered from 
visual assessment of the body dimensions, signs of 
dehydration, hyperthermia and distress symptoms ex­
hibited. The respiratory frequency and heart rate have 
been used for objective assessment to relate work output 
and distress. A better understanding of the metabolic 
changes that take place during work may be obtained by 
blood analysis, but sophisticated laboratory equipment is 
required and most analytical procedures for important 
biochemicals are too long and complicated to provide 
important correlates to work output in field conditions. 
There have been many reports concerning the metabolic 
responses to work of bullocks and buffalo but the results 
have not always been consistent, although some studies 
have been made of the relationship between the respira­
tion rate, heart rate and blood biochemicals for meaning­
ful correlates to work output under different environ­
mental conditions (Upadhyay and Madan 1985; Martin 
and Teleni 1989). Work capacity estimates, to a limited 
extent, are possible from visual assessment of body 
dimensions, state of body condition and some specialised 
tests related to body activity and functional assessments. 
Some are reviewed here to relate them to work capacity. 

Body Dimensions and Draught Power 

The draught power of an animal largely depends upon its 
structure, conformation and coordination in various physi­
ological capacities related to work. The body dimensions 
and morphology of large animals differ from small 
animals. Large bovine animals, though able to pull heavy 
loads, are not as manoeuvrable as small compact ones, 
and hence move slowly (Upadhyay 1989b). Body dimen­
sions and geometric proportions of temperate-adapted 
cattle (Holstein, Red Dane, Brown Swiss) differ from 
small-sized Zebus (Hallikar, Nagore, Haryana) which 
are well adapted to tropical climatic conditions. The 
large-sized temperate animals possess, out of fundamen­
tal necessity, thick, straight and short legs for supporting 
a large body mass. Draught Zebu animals have long 
slender legs and a balanced proportional body for swift 
movement. Thes~ typical draught characteristics are not 
generally found in the crossbreds. In general, tempera­
ment, body conformations, symmetric body, leg struc­
ture, placement and well-set joints are looked for in 
animals for better draught power. Gait, conformation and 
leg defects which may influence the movement and 
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speed at work need to be considered if higher speed is the 
main consideration. But as load-carrying capacity is 
related to body mass, body weight needs greater consid­
eration if animals are to be selected for heavy load-pulling 
or carting work. General considerations related to selec­
tion of oxen (Upadhyay 1984) and buffalo (Upadhyay 
1988) have been described. Farmers, in practice, while 
selecting oxen and/or buffalo, often look for a symmetric 
and balanced body with well-set and stout joints in 
fore - and hindlegs. Other important points considered 
are temperament, basic conformation, leg defects and 
training. 

Cardiovascular Functions 

Work intensity may be evaluated from cardiovascular 
adjustments and reaction during work. It is difficult to 
record blood pressure during work except by expensive 
automatic devices such as telemetric systems. Measuring 
cardiac output would be ideal but the present available 
methods are obviously impossible to use under field 
conditions. The simplest and most extensively used 
method has been to determine the heart rate (HR) during 
or after work. From heart rate not only the circulatory 
capacity has been evaluated but energy expenditure 
estimates have also been made (Richards and Lawrence 
1984; Lawrence and Pearson 1989). Oxygen transport­
ing capacity assessments are based on linear increase in 
heart rate with increasing oxygen uptake or work load 
(Rometsch and Becker 1991). On the other hand it has 
been shown that heart rate changes quite accurately 
reflect the physiological state during work in animals 
(Upadhyay and Madan 1986; Rometsch and Becker 
1991). Consequently, for field use, study of the heart rate 
changes is direct, simple and often the only method 
available. 

The heart rate maximum (HR ) in animals has been 
tested limitedly as a possible mea~~re of muscular work. 
The HR on a treadmill which we have observed is 200 
±1O bpm mf~r Zebu and 150 ±15 bpm in crossbreds. Heart 
rate response on the treadmill varied within narrow limits 
and the average HR at a particular submaximal work 
load/exercise was similar for animals of the same age and 
state of training within an age range of 2.5-7 years. Other 
factors which often affect the HR response to work are 
body condition, state of dehydration and environmental 
conditions. Heart rate response at a single submaximal 
load often does not reveal anything specific about the 
animal capacity or state of training. An animal may have 
a low rate on some particular farm work and a well-trained 
animal may exhibit a higher rate during a particular work 
regimen. Our experience with animals shows that contin­
ued use of animals improves circulatory capacity and 
reduces heart rate both at rest and during work. The 
reduction in tropically-adapted animals (Zebu and 
buffalo) is greater than in crossbreds. 



The cardiovascular phenomena of vital importance 
for understanding work effects include blood pressure, 
cardiac output, heart rate, ECG and capillary perfusion 
and dynamics. Most can be transduced for successful 
monitoring. Blood pressure in animals has been meas­
ured by direct puncture of the blood vessels, and fluid­
filled manometric systems have been employed (Sporri 
1965; Bergsten 1974); and lately microtip transducers 
(Brown and Holmes 1978) have been in use for pressure 
measurements on animals. Heart rate in animals has been 
measured by auscultation, use of coccygeal pulse, 
electrocardiography (Upadhyay and Madan 1986) and 
counting air bubble pulses in a jugular venous catheter 
(Teleni et al. 1991). 

Pulmonary Functions and Capacities 

Evaluating the work load by measuring oxygen con­
sumption is reasonably accurate and has been used exten­
sively in humans and equine and other large animals. 
Nevertheless, the method has several drawbacks in prac­
tical field applications. The equipment for collecting the 
expired air needed for oxygen consumption measure­
ment is rather clumsy and uncomfortable. It impairs the 
animal's freedom of movement and affects performance. 
Furthermore, additional factors affecting performance 
like thermal heat and radiant heat cannot be evaluated by 
changes in oxygen consumption. The result is that in 
many field conditions, measuring oxygen consumption 
alone gives only a partial picture of the total physiologi­
cal cost and may even, on occasion, lead to an erroneous 
estimate of stress involved. 

Oxygen pulse - a measure of aerobic power 
A number of different variables measured during 
submaximal work have been used to assess draught 
animal fitness or to predict the aerobic power (Brody 
1945). Usually heart rate is the variable chosen. The work 
capacity of the animal is limited by the oxygen-transport 
capacity of the heart and related cardiorespiratory or­
gans. Oxygen transport capacity has been related to the 
pulse, oxygen pulse and oxygen pulse per kg body weight 
in horses (Kibler and Brody 1943) and in bovidae 
(Upadhyay 1982). The oxygen pulse per kg body weight 
has been used as an index of muscular work capacity 
(Kibler and Brody 1943). Analysis ofthe oxygen pulse in 
our animals of varying body sizes and training showed 
that the volume of oxygen carried is widely variable, 
even at a single load and under similar conditions, and 
this variation is not due simply to differences in body size 
(Upadhyay 1982). We have therefore measured oxygen 
pulse at different loads during similar conditions and on 
treadmill. In a separate incremental test we assessed the 
maximal oxygen uptake on the same animals to see 
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whether oxygen pulse may be used to indicate animal 
fitness and assess sustained work capacity. Our observa­
tions on oxygen pulse indicated that it increased at 
different hours of work in Zebu (Haryana) and cross­
breds. The increase was of higher magnitude during 
heavy working than during walking or light load-pulling. 
Considerable variations were observed in some of the 
animals particularly during hot dry and hot humid condi­
tions. 

Maximal oxygen uptake (VOz"') 

The maximal steady-state oxygen uptake under highest 
aerobic metabolic activity is abbreviated as VOzmax' An 
enormous increase in maximal oxygen uptake occurs and 
can reach 35 times the resting value in horses (Detweiler 
1984), about lO-fold in dogs, up to 20-fold in humans 
(Brody 1945) and about 5 times in ruminants. The VO? 
has a practical utility for identifying limitations in te~ 
of work capacity and could probably be used to predict 
capacity of animals for work similar to human subjects. 

Generally, in laboratory experiments, only running 
on a treadmill has been applied to draught animals 
(Lawrence and Pearson 1989; Martin and Teleni 1989, 
Bhatnagar and Upadhyay 1991). The general methodo­
logical criteria include the requirements that large mus­
cle groups should be involved and measurements of the 
02 uptake should be started when the work has lasted a 
few minutes to ensure that there is no oxygen debt, and 
that oxygen consumption, CO

2 
production, heart rate, 

respiration rate and pulmonary ventilation have reached 
a steady state. 

The experiments conducted to assess DA on treadmill 
and ergometer represent in many ways artificial situa­
tions. However, such procedures have a distinct advan­
tage when studying physiology of work since these 
methods provide standardised conditions and permit 
comparisons to be made on repeated occasions. They 
often simulate the demands placed on the body in work 
conditions in the field. However, because they differ 
from the real situation in the field it is of the utmost 
importance to study the effect of such a situation in the 
field under typical weather conditions. 

Pulmonary ventilation 
Pulmonary ventilation volume (VE) increases during 
transition from rest to work. The pattern of the immediate 
ventilatory responses and its determinants remains of 
considerable interest in large animals. Pulmonary venti­
lation increase during work in large animals is brought 
about mainly by an increase in respiratory frequency, and 
tidal volume change plays a limited role except in the 
situation of changed breathing patterns. This is seen 
primarily during high ambient temperature conditions or 
over prolonged hours of work in animals with restricted 



capacity to dissipate heat. The maximal increase in 
respiratory frequency that can occur in the field is about 
ID-IS-fold. The ventilation increase under field circum­
stances is 4-S-fold only. In many types of farm work the 
respiratory rate (RR) tends to become fixed to the work 
type and rise in VE is limited to about 2-3-fold only and 
such a rise keeps the 02 and CO2 pressure in the blood. 
The higher level of pulmonary ventilation during work is 
mainly regulated to provide the gaseous exchange re­
quired for aerobic metabolic processing. Since the rate of 
VE is proportional to the rate of oxygen consumption, the 
VE or work to rest ratio of VE may be taken as an index 
of work capacity. 

The measurement of RR and function in DAs pro­
vides information on the stress experience during work. 
Various methods are available to measure both fre­
quency and volume in large animals (Brody 1945; Findlay 
1950). Some of these methods have been used in animal 
experiments (Upadhay and Madan 1985; Kartiarso et a1. 
1987; Lawrence and Pearson 1989). Observation of 
expired air at the nostrils of the animal over the fingers for 
a period to obtain RR has been used for field studies. 
Other methods, though suitable for laboratory experi­
ments, make use of the stethograph. Chest 
plethysmographs connected to a sensitive recording 
spirometer have also been used for RR measurements in 
animals. Another method applied to animals working in 
the field makes use of a thermistor sensor which is held 
in the middle of the nostril to sense the temperature of 
ingoing and outgoing air (O'Neill et a1. 1989). 

Body Temperature and Work Performance 

Increasing body temperature is one of the important 
factors affecting work performance, particularly during 
stressful climatic conditions, and has been shown in 
earlier studies (Upadhyay and Madan 1985; Pietersen 
and Ffoulkes 1988). Animals performing work at low 
ambient temperature show a limited increase in body 
temperature. Studies on farm animals, both cattle and 
buffalo, have revealed that trained animals have lower 
heart rate, respiration rate, metabolic rate and body 
temperature. The biological significance of such a lower 
body temperature due to set point shift can be seen in a 
decreased starting temperature that increases the margin 
to the critical limiting body temperature. This author has 
emphasised repeatedly that for sustaining work over 
prolonged hours animal body temperatures should be at 
a lower level, as a higher body temperature limits work 
performance (Upadhyay 1987, 1988). Zebu animals 
having lower body temperatures at the start exhibited 
fatigue at much later stages than either crossbreds or 
buffalo having higher temperatures. Crossbreds, due to 
their higher metabolic rate at rest, have both a higher 
heart rate and body temperature than Zebus, which 
becomes a serious limitation particularly during hot 
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humid and hot dry conditions, when the ambient heat 
load is higher and heat flow is towards the animal. Under 
such situations the Zebu, a profusely sweating animal, is 
at an advantage over other animals such as crossbreds or 
buffalo, which have a limited reliance on sweating and 
thus have to store a great deal of heat of work for later 
dissipation (Upadhyay 1989). 

Rectal temperature of animals often gives an indica­
tion of the thermal state and it is conveniently recorded 
in animals by means of a clinical thermometer inserted to 
a depth of about 1D-12 cm. To record rectal temperature 
with a clinical thermometer is difficult in animals work­
ing in the field, therefore suitable devices are required for 
monitoring body temperature. Flexible probes contain­
ing either thermistors or thermocouples with long lead­
wires may be conveniently attached for monitoring body 
temperature of large animals while working, and small­
sized Le displays could be used as indicators. 

Temperature-sensitive radiotelemetric capsules have 
been used for the measurement of core temperature. The 
capsules are specifically designed for temperature meas­
urement and the transmitting frequency is adjusted so 
that it can pass through body tissues and be received with 
optimum response and good accuracy in the field (Folk 
1968). These capsules may be used for monitoring ther­
mal balance of and work response to body temperature in 
working animals in the field. 

Cellular Metabolic Changes 

Studies on cellular metabolism are particularly important 
for determining the extent and rate of adjustment during 
work. Pre-work and post-work analysis of muscle tissue 
biopsy provide data on muscle metabol ic changes and the 
level of fatigue (Upadhyay and Madan 1985). Such 
muscle biopsy study can also reveal the extent of muscle 
tissue involvement in aerobic and anaerobic processes. 

Uptake of substrates in muscle has been measured in 
draught animals (feleni and Hogan 1989) with the objec­
tive of studying the metabolic pathways of various en­
ergy substrates in the blood and muscle. Since these 
studies often involve catheterisation of deep-seated ar­
teries and/or veins and therefore are not suitable for field 
experiments, they are of academic interest only. How­
ever, important findings from these studies may be 
utilised for improvement of work output and to regulate 
the energy supply of working muscles (Petheram et a1. 
1989). 

Blood Biochemical Changes 

There have been many reports concerning the blood 
metabolic responses of working animals, but the results 
have not always been consistent. Studies have also been 
made on the relationship between physiological reac-



tions, namely, HR, RR and RT and blood biochemistry 
(Singh et aI. 1968a,b). Haematology and blood bio­
chemical measurements are commonly used as aids in 
the assessment of horses in relationship to their perform­
ance (Sloet van Oldruitenborgh-Oosterbaan et aI. 1991). 
Limited studies have been made on the relationship 
between work output and blood biochemistry in oxen 
(Upadhyay and Madan 1988) and buffalo (Singh et aI. 
1979). Light work-loads significantly reduced total vola­
tile fatty acids (VFA) in animals but an increased load 
level in oxen indicated no consistent results under field 
experimentation. Studies on utilisation of body fat re­
serves in cattle and buffalo (Kartiarso et aI. 1989) re­
vealed that plasma free fatty acids (FP A) level increased 
during work and the increase was more in thin animals 
than in fat animals, and greater in cattle than in buffalo. 
The study further revealed that uptake of FF A by muscle 
in fat animals was greater than in thin animals, and 
muscle of buffalo used more FF A fuel than in cattle. In 
the near future such studies may be able to give the level 
of change in fat mobilisation from adipose tissue depots 
in relation to work output. 

Nutrient transport and work output 
The concentration of metabolites is measured in the 
intlowing arterial blood and in the outtlowing venous 
blood, and the tlow in the tissue of interest is measured 
simultaneously. Using this technique experiments have 
been conducted on animals to define the type and amount 
of nutrients utilised by the working muscle and associ­
ated hormonal changes (Kartiarso et al. 1987). Generally 
the isotope dilution and arterio-venous difference tech­
niques have been applied in laboratory experiments. 
These experiments have demonstrated clearly that glu­
cose and FFAs are the principal metabolic fuels for 
working muscles (Teleni and Hogan 1989). 

Muscle biopsy techniques have been developed for 
human subjects and small pieces of muscle tissue can be 
sampled and energy substrate analysed (Bergstrom et aI. 
1967, Hermansen et aI. 1967). By obtaining muscle 
biopsy from animals during work at different periods, the 
variation in muscle energy substrates can be followed 
(Upadhyay and Madan 1985). 

Besides other factors, dealt with in earlier reviews 
(Upadhyay 1989; Teleni and Hogan 1989), the ability to 
perform work over prolonged hours in the field is de­
pendent on stored glycogen in muscle and nutrient avail­
ability from blood and other body depots. It has been 
demonstrated from limited studies on cattle and buffalo 
that the diet, duration of work and intensity are some of 
the factors which affect nutrient utilisation and prefer­
ence for a particular fuel (Kartiarso et aI. 1989). The role 
ofFFAs as an important fuel for work in DAs is directly 
revealed by the use of isotopes in animal research. 
Information on DAs, particularly on muscle glycogen 
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content as intluenced by various work levels, is not 
available, therefore some results from human subjects 
have been considered important for discussion, assum­
ing that metabolic events in mammalian muscles are 
more or less similar. Results of Harmansen et aI. (1967) 
have shown that carbohydrate utilisation can be calcu­
lated from oxygen uptake and respiratory quotient (RQ), 
and the decrease in the muscle glycogen. The studies 
have further conclusively indicated that glycogen in the 
exercising muscle is an important determinant of maxi­
mal work time (Astrand and RodhaI1970). Therefore, as 
in humans, the initial glycogen level in the skeletal 
muscle of the DA may be decisive for the ability to 
sustain prolonged heavy work. 

Measurement of Energy Expenditure in DAs 

Measurement of energy expenditure of working draught 
animals in the field has been a difficult task (Teleni and 
Rogan 1989; Lawrence and Pearson 1989). Several 
attempts have been made either to directly measure 
energy expenditure (Brody 1945; Kibler and Brody 1943) 
or indirectly predict it from related functions (Rometsch 
and Becker 1991, Richards and Lawrence 1984, Webster 
1967). Both direct and indirect systems have been used 
on draught animals. Some of these methods have been 
used in laboratory conditions on the treadmill, using the 
ergometer, etc. but such devices have been used for only 
limited field trials. Two excellent reviews on the subject 
are available (McLean and Tobin 1987; Lawrence and 
Pearson 1989). 

Rates of adjustment to work and rest and stress 
By measurement of selective physiological functions, it 
is possible to determine to what degree the work level 
differs from the rest-level, and such an estimate may be 
able to indicate the stress experienced by animals in 
performing work. The rate of recovery to the pre-work 
state may also indicate stress of work. Animals unable to 
return to pre-work resting levels during a rest pause often 
accumulate fatigue as the work progresses over days and 
weeks in a cropping season. Physiological reactions of 
lower magnitude completely disappear during rest pauses 
between work days and most animals recover to resting 
level. It is, therefore, essential to evaluate work in terms 
of recovery of change in physiological processes. 

The rise in HR and levels attained have been related 
to work levels on the treadmill in the author's laboratory. 
Increments in HR along with other physiological reac­
tions and behavioural manifestations in cattle and buf­
falo have also been interpreted earlier in terms of fatigue 
(Upadhyay and Madan 1985; Upadhyay 1987; Martin 
and Teleni 1989; Komarudin-Ma'sum et aI. 1991). 

The rate of recovery to pre-work level varies accord­
ing to physiological stress or work levels attained and is 



proportional to the stress experienced during work. The 
recovery process in cattle and buffalo has been used to 
evaluate the level offatigue and to decide on suitable rest 
pauses. Heart rate recovery after heavy work is slower 
than after moderate work, recovery after light work being 
the fastest. The fall in HR in the first few minutes is steep 
(Fig. 1) but resting level is achieved after a long period 
which varies in different environmental conditions and 
loads. Animals working after several rest pauses do not 
raise the HR to the same levels as that attained by animals 
without rest pauses. Experiments on the treadmill and 
carting trials have revealed that a 20-30 minute rest 
period significantly lowers heart rates of buffalo but 
recovery after strenuous work is slow (Fig. 2). Recovery 
in body temperature requires more prolonged rest, 4-5 
hours or more. 

200 

180 

Time (mln) 

Figure 1. Decreasing heart rate recovery curves with 
work load in buffalo. 

Recovery from low to moderate work requires about 
4-5 hours of complete rest in a comfortable ambient 
temperature, but at high temperatures the time is pro­
longed to 8-12 hours. Most DAs in the hot-humid season 
do not recover from a day's work and working over 
several days affects the body condition and animals run 
down. Most animals recover after a season's work and 
regain the weight lost in about a month if adequate feed 
and feed supplements are available. 

Transduction and measurement of biological 
processes 

In DAresearch, instrumentation for the purpose of quan­
tification has not pervaded all areas, and a major task yet 
to be accomplished is to develop suitable tools and 
technology for solving problems of detection and quan­
titative measurement of biological events and change 
occurring at rest and during work. Attempts have been 
made in the past to develop suitable instrumentation 
systems for monitoring physiological reactions using 
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sensors/transducers or electrodes, making use of 
transduction properties. 

For successful monitoring, physiological phenomena 
have to be converted into electrical signals and various 
methods are employed to do this (Fig. 3). 

The principle of transduction makes use of a device 
that recognises the specific property and converts it to an 
electrical signal. Thus a transducer acts as a sense organ 
for electronic monitoring equipment. Various forms and 
types of transducers are in common use for measuring 
temperature, blood pressure and other physiological 
changes in humans. Piezoelectric crystals have found 
numerous applications in biomedical studies and be­
cause of their miniature size, isometric nature and large 
electrical output, these crystals are most useful for the 
transduction of a variety of time-varying physiological 
events. They have been employed successfully in medi­
cine for obtaining information for ballistocardiography, 
heart sounds, pulse wave, muscle pull, respiration meas­
urement, etc. These crystals are well suited to the detec­
tion of the pressure pulse and of low-energy acoustic 
phenomena such as heart and Korotkoff sounds. 

Not all physiological functions can be monitored by 
using transducers and in many circumstances such phe­
nomena are transducted by the impedance method. The 
phenomena which exhibit a change in dimension, dielec­
tric or conductivity can easily be transducted. Physi­
ological functions like respiration, blood flow, activity of 
nerve, etc. have been detected by using the impedance 
technique. The impedance method offers all the advan­
tages of an indirect non-invasive technique required for 
measuring physiological changes in draught animals and 
may be applied easily in the form of electrodes on the 
surface of the body. 

Application of New Electronic Instruments 

Imaging methods 
In human medicine, techniques of imaging body form 
and functions are being developed which enable a de­
scription of physiological and biochemical phenomena 
in vivo (Wells 1991). These expensive and advanced 
methodologies necessary for a 'state-of-the-art' descrip­
tion of humans have not been used on animals, and 
potential applications of these techniques in draught 
animals remain to be explored. Of the imaging methods 
available, ultrasound is the most promising for livestock 
application because of its speed and application for 
visualising soft tissues which are readily accessible. 
Work modifies blood flow to tissues and pulsality of 
arterial pressure increases. The redistribution of cardiac 
output during work and heat occurs to maintain adequate 
perfusion to muscle. tntrasound is an excellent tool for 
measuring blood flow which may be used for monitoring 



l ::':j 
t ;. 39.0 

f 
38.0 

200 

180 

180 

140 

~ 120 

I 100 .. 
! 
1i 

80 ~ 

60 

40 

20 

Rest: Exercise Recovery Exercise Recovery Exercise Recovery 

Time (min) 

Figure 2. Effect of repeated work-rest cycle on recovery time in rectal temperature and heart rate in buffalo. 

changes in animals. When an ultrasound wave is re­
flected or scattered by a moving target, such as blood, the 
received wave is shifted in frequency by the Doppler 
effect by an amount depending on, among other factors, 
the vector velocity of the target (Wells 1991). The 
ultrasonic Doppler method can provide a great deal of 
information non-invasively regarding mean blood flow 
velocity, flow velocity profIle and pulsality of arterial 
pressure wave. This information can often be related to 
physiological and metabolic properties of various tis­
sues, e.g. heart and muscle, particularly in working 
conditions. 

Another imaging system offering utility in animal 
research is magnetic resonance spectroscopy (MRS). 
Signals from a region of interest identified by imaging 
are subjected to narrow band frequency analysis. Studies 
on animals involving changes in metabolic rate in tissues 
may be able to make use of this technique, since the MRS 
of phosphorus gives insight into energy metabolism, 
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ATP and inorganic phosphorus concentration (Weiner et 
a1. 1986; Wells 1991). The role of phosphocreatine (PC) 
in muscle metabolism of oxen has been investigated 
during work (Upadhyay and Madan 1985). PC reduction 
has been observed in both Zebu and crossbred. The 
change in PC has also been related to muscle lactic acid, 
work and animal fatigue. The potential of MRS in vivo 
study of biochemical changes during rest and during 
work of different intensity opens areas hitherto unex­
plored in draught animals. 

ItadioteleDletry 
Recording of physiological phenomena from distant 
places, where conventional methods of recording and 
monitoring are not possible, has been in use in human 
medicine and space research for several decades. 
Radiotelemetry has been used limitedly for understand­
ing animal responses. Temperature-sensitive 
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Figure 3. Signal flow for physiological measurements. 

radio-capsules consisting of thermistors have been used 
to monitor temperature variations (Folk 1968) and 
electrocardiographic changes (Holmes et a1. 1966). The 
techniques and instrument system described by Holmes 
and colleagues consist of a transmitter which is attached 
to the animal. The radio signals transmitted are received 
by a receiver at a distant place and sent for monitoring on 
an oscilloscope. recorded on tape recorder andlor on a 
direct pen-recording system (Fig. 4). Equipment and 
methods for telemetry of blood pressure and flow have 
also been developed and successfully employed in free­
ranging animals (Van Citters and Franklin 1969a,b). It is 
hoped that such instrumentation systems, after suitable 
modification, will find their way into draught animal 
research, particularly for evaluation of stress or work 
levels. 

Modular electronic systems 

Advancement of electronic systems has also been put to 
DAs research (O'Neill et a1. 1989; Betker 1989; Law­
rence and Pearson 1989). The instrument system devel­
oped at the Centre for Tropical Veterinary Medicine 
(crvM) in Edinburgh is able to give a complete account 
of work done by animals pulling in field situations 
(Pearson 1989). AFRC-Engineering Overseas Division 
has developed a draught animal performance data logger, 
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which monitors and records mechanical and physiologi­
cal performance data in field conditions. Three mechani­
cal and four physiological variables can be recorded 
simultaneously and information can be stored for further 
use (O'Neill et al. 1989). Another electronic system for 
measuring performance of animals has been developed 
at the lnstitute for Agriculture at Hohenheim University, 
Germany (Betker 1989). The parameters that may be 
measured are force, inclination, speed, depth of working 
and acceleration. Different sensors arc used to measure 
these parameters and each individual sensor gives an 
output analogue signal and can work even at 60"C ambi­
ent temperature. This equipment, if available commer­
cially and cheaply, may find its way into research, but 
most research laboratories cannot afford these costly 
modular systems for field experiments. 

Conclusions 

Biological measurements in draught animals are limited 
to measurement of oxygen consumption, pulmonary 
ventilation, blood gases and metabolites, energy 
substrates, body temperature and some cardiac func­
tions. Research on animals is limited by the methods that 
can be used without impairing their performance, and 
this consideration often restricts the number of direct 



measurements possible in large animals during work, 
particularly under field conditions. 

In general, good temperament, conformation, sym­
metry, body, leg structure, placement and joints are 
sought for draught power. Gait conformation and leg 
defects are also considered in animals where speedy 
work is required. Information for power output has to be 
gathered in general from visual assessment of animal 
structure and general condition and any state of dehydra­
tion, distress or hyperthermia. Pulmonary and cardiac 
functions have also been used for obj ective assessment of 
animals. An understanding, though of limited impor­
tance, may be obtained from blood biochemicals. At-

Conventional ECG 
-- -- -----., 
via orthodox leads 

Oscilloscope 
and 

heart rate meter 
(videograph) 

tempts have been made to fmd out the relationships 
between various physiological functions incIudingrespi­
ration rate, heart rate and blood biochemicals and work 
capacity and distress. A study of heart rate changes 
appears to be the most direct, simple and often the only 
method for evaluating and relating to work. Use of 
oxygen consumption has been applied limitedly as meas­
uring systems are uncomfortable for animals under field 
conditions. Oxygen pulse has been used as a test of work 
capacity in animals. Rates of adjustment to work and rest 
provide meaningful correlates to the work capacity of an 
animal and reflect the capacity to adjust during work. 
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writer 
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Conventional ECG 
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Figure 4. General arrangement of the radiotelemetric transmitter, receiver and recording apparatus 
(Holmes et a1. 1966). 
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Nutrition Comparisons between Cattle and Buffalo 

and Implications for Draught Animal Power 

P.M. Kennedy*, G.L.R. Gordont and J.P. Hogan* 

Abstract 

In comparisons of digestive function between swamp buffalo and cross-bred cattle fed five forage diets 
there were no consistent differences in voluntary intake between animal species, but fluid turnover rate 
and ratio of propionic acid to acetic acid, and protozoal numbers in the rumen digesta, were higher in 
buffalo. Enhanced fibrolytic activity, detected by digestion of purified cellulose substrate, was generally 
observed in buffalo; anaerobic fungal populations appeared to be low and were possibly not involved in 
this difference. There was a more rapid weakening of plant material held in fibre bags in the buffalo 
rumen, the difference being seen with as little as 12 h fermentation. Large feed particles removed from 
rumen digesta were also weaker in buffalo. As rumen particle size was reduced, there were generally 
reductions in organic mattcr content and buoyancy associated with microbial activity of particles. 
The amount of protein from supplemental meat meal available in the intestines was inversely related to 
particle size of the meat meal. It was proposed that the faster reduction of particle size and passage from 
the rumen of buffalo compared to cattle would increase the supply of protein from protein supplements 
in the small intestine. 

The effects of differences in digestion are discussed in relation to the supply of nutrients for draught 
cattle and buffalo. 

DRAUGHT animals dependent on forages as their main 
sources of nutrients are in an anomalous position. As 
with other aspects of animal production, energy require­
ments are substantially above those needed for mainte­
nance of body weight; Teleni and Hogan (1989) sug­
gested that a 600-kg cow needed an extra 70% more 
energy for work than required for maintenance. With 
work, heat derived from muscular work plus solar radia­
tion is added to heat asssociated with inefficiency of 
metabolism of nutrients. This presents animals, espe­
cially buffalo which possess few or no sweat glands, with 
consequent major problems in heat dissipation. There­
fore the question arises: can buffalo overcome this disad­
vantage by greater digestive efficiency? Appropriate 
mechanisms that could benefit working animals by re­
ducing metabolic heat production could include more 
efficient microbial digestion of forages, or increased 
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production of energy substrates that were used more 
efficiently for work. One such major substrate is glucose, 
which is derived mainly from ruminal propionate, and 
from amino acids of microbial or dietary protein origin, 
absorbed in the small intestine. Increased delivery of 
protein to the small intestines can be achieved by faster 
passage through the rumen of dietary protein which is not 
readily degraded in the rumen, or by more efficient 
synthesis of microbial protein. 

More efficient digestive function might involve con­
trolof rumen retention time of digesta to optimise release 
by rumen microbes of energy from cell-wall 
polysaccharides, or promotion of ruminal conditions that 
encourage growth of microbes with low maintenance 
requirements or high fibrolytic capability. Therefore 
consideration is required of rumen dynamics and physi­
cal constraints to passage of feed residues from the rumen 
which impede higher intake (e.g., particle size and ease 
of reduction of size), the supply of readily available 
organic substrate from cell contents relative to that from 
slowly digestible cell-wall material, and composition 
and activity of the microbial population of the rumen. 

This paper presents some results from comparisons of 
digestive physiology of swamp buffalo and crossbred 
cattle, conducted in Townsville, Australia. 



Methods 

Most methods used in diet comparisons were reported 
previously (Kennedy 1990; Kennedy, Boniface et al. 
1992; Kennedy, McSweeney et al. 1992), and some 
results are summarised by Kennedy (1990) as experi­
ment 4 and one treatment of experiment 5. Comparisons 
were made between four swamp buffalo and four cross­
bred (Bos indicus xB. taurus) cattle, aged approximately 
three years, each fitted with a rumen cannula and allowed 
to feed ad libitum (ca. 15-20% exeess) every 3 hours 
using automatic feeders. 

Digestion of purified cellulose substrate (cotton wool) 
was measured by incubation in polyester fibre bags 
(50-mu mesh) in the rumen for 24 hours. 

Fungal sporangia numbers in the rumen were as-

sessed by colonisation after 24 hours of leaf blades of 
kikuyu grass in polyester fibre bags. 

Strength of feed particles was measured as the amount 
of electrical energy required to grind dried (100°C) 
particles through a I--mm sereen. 

Buoyancy of rumen digesta particles due to microbial 
activity was estimated from differences in sedimentation 
rates between a subsample measured immediately on 
removal from the rumen and that of a subsamp1e in which 
microbes had been killed. A modification of the method 
described by Sutherland (1988) was used to measure 
sedimentation rates. 

In an experiment measuring escape of supplemental 
meat meal protein to the small intestines of buffalo and 
cattle, meat meal was dry sieved into three size catego­
ries; large (retained on sieve of aperture, 0.6 mm, com-

Table 1. Voluntary intake, ruminal digestion, and properties of rumen digesta in buffalo and cattle. 

Dolichos Verano Pangola Sorghum Rice 
hay straw 

Voluntary feed intake (g DM/kg body weight/day) 
buffalo 12.9 13.8 12.6 17.1 19.8 
cattle 13.5 14.6 11.7 17.3 16.2 

Proportion of organic matter (OM) truly digested derived from soluble OM 
buffalo 0.47 0.32 0.45 0.23 0.37 
cattle 0.49 0.30 0.43 0.23 0.33 

Fractional outflow rate of rumen fluid (%/hour) 
buffalo 6.7 8.7 8.5 10.9 8.2 
cattle 5.6 6.5 7.1 8.2 5.5 

Ammonia in rumen fluid (mg NIL) 
buffalo 113 114 40 139 238 
cattle 118 78 39 151 101 

Propionate/acetate ratio in rumen fluid 
buffalo 0.26 0.23 0.31 0.31 0.24 
cattle 0.23 0.22 0.27 0.22 0.23 

Digestion of cotton wool (% in 24 hour) 
buffalo 46.4 27.5 33.1 38.6 43.9 
cattle 48.2 20.1 29.2 26.2 31.2 

Protozoa in rumen fluid (l05/mL): 
large 

buffalo 0.39 0.34 0.25 0.13 
cattle 0.80 0.98 0.69 0.65 

small 
buffalo 10.16 12.60 14.51 57.82 
cattle 3.82 1.92 1.88 2.56 

Fungal sporangia (no./mm2 ofleaf surface) 
buffalo 1.8 2.3 0.5 0.7 
cattle 1.1 1.2 0.2 1.2 

Grinding energy of large particles from rumen (kJ/g DM). 
buffalo 277 166 198 129 
cattle 305 186 238 154 
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prising 30% of meat meal), medium (passing 0.6 mm 
sieve but retained on 0.3 mm sieve, comprising 43%), 
and small (passing 0.3 mm but retained on 0.15 mm 
sieve, comprising 25%) and separately incubated (4 g) in 
polyester bags in the rumen for 0, 3, 6, 12, 18, 24 or 48 
hours. Mean retention time of the different sized 
meat-meal preparations in the rumen of all animals was 
estimated on separate days after marking each prepara­
tion (mordanting procedure using 51Cr), dosing into the 
rumen, and estimating the rate of escape of meat-meal 
from the rumen from the faecal appearance of 51Cr. 
Degree ofN digestion in the rumen was calculated by the 
method of Orskov and McDonald (1979). Following 
recovery from the rumen, the washed, freeze-dried ma­
terial was sealed in small polyester bags, subjected to 
acid-pepsin digestion (PH 2.0, 4.0 h, 377 lUlL pepsin), 
freeze-dried, and inserted into the duodenal cannula. 
Intestinal availability of protein was estimated by N 
analysis of meat meal before and after passage through 
the intestines. 

Digestion of five forages 

Diets comprised two legumes (dolichos,Dolichos lablab 
and a verano hay; Styosanthes hamata cv Verano which 
contained 50% tropical grass contaminant) and three 
grasses (pangoJa, Digitaria decumbens, sorghum, Sor­
ghum almum, rice straw Oryza saliva). Comparisons 
between the first four diets were made in one experiment, 
and the rice straw diet represented one of four treatments 
in a second experiment which followed immediately. 
Diets were unsupplemented except for rice straw, which 
was offered with urea (275 g/day) and minerals (300 
g/day) spread on the feed. 

Table 1 summarises pertinent results. Voluntary in­
takes were similar between species, whereas fractional 
passage rates of rumen fluid were consistently higher in 
buffalo. Concentrations of propionate relative to acetate 
were generally higher by 3-40% in buffalo compared to 
cattle. Combined with indications of greater passage of 
non-ammonia N to the small intestine of buffalo (Kennedy, 
McSweeney et al. 1992), this finding suggests greater 
synthesis of glucogenic precursors per unit of digestible 
organic matter (OM) than in cattle. By contrast, in other 
reported experiments, ruminal propionate-acetate ratios 
did not differ, but the rumen fluid passage rates were 
lower in buffalo than in cattle (Pradhan et al. 1991). 

Assuming that 95% of cell contents OM (estimated as 
OM content less ash-free neutral detergent fibre content) 
is digested, buffalo derived about13% more of the total 
intake of digestible OM from cell content OM than did 
cattle when the diet was rice straw, but for the other four 
diets, the differences, less than 6%, were not significant 
(Table 1). Further, the proportion of digested OM from 
cell solubles was apparently not related to the digestion 
rates of dietary material or cotton thread in the rumen 
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(reported by Kennedy 1990). The influence of the ratio of 
soluble OM to that digested from cell walls is therefore 
not clear, although Kennedy, Boniface and colleagues 
(1992) suggested that with increase of dietary content of 
cell wall (and decrease of soluble OM), there were 
relatively more microbes adhering to fibre in buffalo than 
in cattle. 

The activity of the fibrolytic microbes, as indicated 
by digestion of purified cellulose, differed markedly 
with diet; the digestion was least for the verano diet, and 
most for doIichos. Depression of ammonia concentration 
below 200 mg N/L, which may lead to a depression of 
digestion of purified cellulose (Kennedy, Boniface et al. 
1992) was only partially responsible for these differ­
ences. More of the purified cellulose was digested by 
buffalo than by cattle fed four of the diets. Similar results 
reported by Pradhan et al. (1991) were attributed to the 
higher populations of cellulolytic bacteria with faster 
breakdown of cellulose. 

Buffalo harboured substantially more small protozoa 
and less larger protozoa than cattle, whereas in buffalo 
there were fewer large protozoa, possibly due to faster 
passage of rumen fluid. Recorded numbers of fungi were 
low and similar between animal species, and were com­
parable to those for animals given rice straw with 5% 
Leucaena leaf (Kennedy, McSweeney et al. 1992). Low 
numbers of sporangia on leaf blades of kikuyu may not 
necessarily reflect low suitability of the forages for 
zoospore attachment, as one of the diets used (pangola) 
was found by Elliott et al. (1985) to be readily colonised 
by fungi. Accordingly the numbers reported here may not 
necessarily indicate either a small rumen fungal biomass 
or low fungal activity. Extensive colonisation by fungi 
was observed in animals given guinea grass, with no 
obvious differences between species (Ho et al. 1988). 

The increasing evidence of microbial differences 
between buffalo and cattle was supported by the en­
hanced weakening of forage particles in buffalo after as 
little as 12 hours of incubation in polyester bags in the 
rumen, of particles of all diets except sorghum (Figure 1). 
Such enhanced weakening without enhanced digestion 
(see Kennedy 1990) is consistent with greater fungal, 
rather than bacterial, activity in buffalo. It was notable 
that the largest differences were seen with dolichos, in 
which the stem component was 69% of total dry matter 
but which contributed 97% of grinding energy of the diet, 
and in verano, in which stem material contributed 86% of 
dry matter. Calculations (assuming an exponential model) 
of rate of reduction of grinding energy with time of 
incubation in the rumen for between 12 and 48 hours 
showed that for dolichos, pangola, sorghum and rice 
straw diets there was a respective reduction of grinding 
energy by about 1.8, 1.25, 2.0 and 1.45% per hour of 
exposure to the rumen. 

Faster weakening of ruminal particles in buffalo was 
supported by lower values for grinding energies of large 



particles (retained during wet sieving on a sieve of 1.2 
mm or larger aperture) recovered from the rumen (Table 
1). Grinding energy of large particles from dorsal and 
ventral sac of the rumen were consistently smaller (by 
about 21-36 kJ/g) in buffalo than in cattle; this repre­
sented a reduction of 10-13% for the legume diets and 
18-19% for the grasses. Grinding energy of ventral large 
particles was 4-8% lower than dorsal large particles. 
Using data from the polyester bag study (Fig. 1), grinding 
energies of ruminallarge particles were consistent with 
dorsal large particles being digested for 12 hours or less, 
with somewhat longer digestion for ventral large parti­
cles. 
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Table 2. Calculated retention time in the rumen and 
release in the gut of nitrogen from meat meal separated 
into three fractions (means for cattle and buffalo). 

Fraction Coarse Medium Fine 

Mean retention time in the rumen (hour) 

16.0 10.5 8.0 

Release of N (g/kg organic matter) 

rumen 58.0 58.0 56.7 

intestines 35.1 40.0 48.1 

Unavailable-N 49.2 29.5 18.8 
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Figure 1. Grinding energy of dolichos (a), verano (b), pangola (c), sorghum (d) and rice straw (e) incubated in the 
rumen of buffalo and cattle. 
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As most smaller particles in the rumen are derived 
from larger particles during ruminative chewing, it would 
be expected that progressively smaller particles would 
have experienced increased time for digestion and been 
depleted in OM content. Such depletion was indeed 
evident for all diets examined (Fig. 2) with the exception 
of dolichos. Dolichos leaf and stem differ widely in 
physical properties; therefore OM content of particles 
differing in size may be determined by the proportion of 
leaf and stem material. In addition, decreased particle 
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size was associated with increased buoyancy (decreases 
in sedimentation rate) due to microbial fermentation 
(Fig. 2). Small decreases in OM content of verano were 
associated with substantially larger reductions (factor of 
>4) in sedimentation rate than for the other diets. Buoy­
ancy of particles in the rumen, suggested by Sutherland 
(1988) to be of importance in the kinetics of particles, 
appears to be positively associated with levels of volun­
tary intake achieved for all diets except rice straw 
(Kennedy, unpublished). 
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Figure 2. Mean values for organic matter content for cattle and buffalo and decrease in sedimentation rate associated 
with microbial fermentation of particles of dolichos (a), verano (b), pangola (c), sorghum (d) and rice straw (e) from 
rumen digesta. 
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Yield of nitrogen from meat meal 

Because rates of ruminative chewing and passage of fine 
particles are generally higher for buffalo than for cattle in 
our experiments (Kennedy 1990), buffalo preferentially 
benefit from greater yield of intestinally -digested protein 
derived from a protein supplement. To test this, four 
animals of each species were given sorghum hay ad 
libitum with 900 glday of meat meal and 900 glday of 
cracked maize. Results obtained using a combination of 
in situ rumen incubation with the 'mobile bag' technique 
(de Boer et al. 1987) (Table 2) showed that with decreas­
ing particle size, the amount of N available in the gut of 
animals increased from about 93 to about 104 glkg OM. 
More importantly, the proportion of digestible N ab­
sorbed in the intestines was calculated to increase from 
38 to 46% in fine compared to coarse particles. 

This effect resulted mainly from differences in rates 
of passage associated with particle size. Although there 
were only small differences between species in retention 
time of meat meal in the rumen, the main advantage 10 the 
buffalo in enhancing escape of protein supplements from 
the rumen would appear to accrue from its known 
superior ability to reduce size of particle (Kennedy, 
McSweeney et aL 1992). Our experimental data did not 
allow us to quantify the magnitude of this effect. Limited 
information for animals fed rice straw supplemented 
with Leucaena leaf suggested that greater net efficiency 
of microbial growth in buffalo would also increase pro­
tein flow to the intestines (Kennedy, McSweeney et al. 
1992). 

Implications for Working Animals 

It is clear that our buffalo examined under our conditions 
have advantages over cattle. These are probably insuffi­
cient to counter the greater difficulties of heat dissipation 
encountered by buffalo. However, this conclusion may 
not apply to animals in parts of Southeast Asia, as there 
are conflicting reports concerning digestive kinetics of 
the two species. The type of work reported here should be 
repeated in other situations before extrapolations can be 
made. 
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DAP vs Mechanisation in Rural Development 

Pakapun Bunyavejchewin*, Charan Chantalakhanat and 

Supachat Sukharomana* 

Abstract 

In the next three decades it is expected that the world population could reach 8 to 12 billion. While the rate 
of urbanisation in most countries will increase, however. the rural populations in the world and in the less 
developed countries (LDCs) will continue to climb. Rural development remains one of the major tasks of 
every LDC government. With the availability of more rural infrastructure such as roads, electricity, irrigation 
and communication facilities, the question arises whether DAP will continue to play an important role as a 
source of farm power in comparison with mechanisation. This paper attempts to analyse future prospects of 
DAP vs mechanisation within the context of rural development and sustainable agriculture perspectives. 

In each country. various factors including rural and agricultural infrastructure, changing socioeconomic 
conditions such as higher farmer educational level, off-farm jobs, increases in prices of agricultural 
commodities and related government policies sueh as taxes, credits, agricultural modernisation and others will 
have a positive effect toward increasing use of mechanical power in some areas, especially in irrigated areas. 
However, in most LDCs irrigated agriculture comprises only a small proportion of agricultural land, while 
rainfed agriculture is the larger, in some countries being up to 80% of the total cultivated land. Under rainfed 
conditions and existing socioeconomic factors, the use ofDAPwill continue to persist as an appropriate source 
of farm power, considering also other uses of draught animals by farmers in integrated small farm systems. 

In the long run, under rainfed rural farming DAPwill have many obvious advantages over mechanisation 
if considered within the context of sustainable agriculture. It is clear that DAP use in small farms under rainfed 
conditions will promote better control of air, soil and water pollution while reducing the use of many 
production inputs, especially fuel and chemical fertilizers. However, it is envisaged that, with more intense 
pressure from higher demand for food and increasing human population, DAP and mechanisation in certain 
combinations will become most beneficial to rural farming systems in the future. It is imperative that this 
aspect, as well as others, on the integrated use of DAP and mechanisation should be given close attention by 
research and development agencies in the LDCs. 

IN the less developed countries (LDCs) popUlation in the 
rural sector is expected to be in the majority even beyond 
the year 2000, in spite of the increasing rate of urbanisa­
tion. Rural populations will increase from 2.53 billion in 
1985 to 2.93 billion in 2000, and 3.28 billion in 2025 
(Table 1). Rural populations of China (Mainland) and 
India which in 1985 comprised approximately 80% and 
75% ofthe total populations, respectively, will remain at 
75% and 66% in the year 2000. Hence it is quite obvious 
that in many decades to come rural development will 

• Buffalo and Beef Production Research and Development 
Center, Kasetsart University 
t Department of Animal Science, Kasetsart University 
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remain one ofthe major tasks of every government in the 
LDCs, including those heading into an era of early 
industrialisation. 

Most rural people depend directly and indirectly on 
agriCUlture including crops, livestock, forest and fisher­
ies for their food, income and family subsistence. live­
stock on small farms in rural areas are generally inte­
grated into crop production systems; they provide not 
only food, Le. meat, milk and eggs, but also a source of 
farm power and manure or faeces for fertilizer, as well as 
other benefits. Animals used for draught power vary 
from one location to another, cattle, buffalo, horses, 
asses, donkeys and camels being common sources for 
rural farms in various continents. In Asia, buffalo and 
cattle are generally used as draught animals, as well as for 
beef and dairy purposes. Buffalo and cattle have been 



Table 1. World population. 

Population 1950 

World population (billions) 2.5 

Rural population (%) 71 
Less developed countries 83 

Rural population (billions) 
Less developed countries 1.39 
As % of world population 55.6 

Year 
1985 

4.8 

59 
69 

2.52 
52.7 

2000 

6.1 

53 
61 

2.93 
48.0 

2025 

8.2 

3.28 
40.7 

Source:Adapted from World Commission on Environment and Development, 1987, Oxford University Press, 
pp. 100-101. 

Table 2. Estimated inputs of human, animal and mechanical power in rice production in selected countries of Asia, 
1980. 

Hourslha 
Country 1965 1970 1975 1978 

Japan Human 1410 1178 815 694 a 

Animal 15 2 
Mechanical 144 185 179 148' 

Taiwanb Human 1088 985 778 601 
Animal 122 103 51 36 
Mechanical 40 56 84 98 

South Korea Human 1356 1284 1176 937 
Animal 92 101 80 56 
Mechanical 4 8 18 48 

Philippines' Human 504 552 640 640 d 

Animal 200 136 136 136 d 

Mechanical 42 45 45 45 d 

Thailand' Human 409 480 470 462 
Animal 170 165 160 146 
Mechanical 10 15 20 30 

Indiac Human 1218 f 958 992 1285 ' 
Animal 230 f 247 221 125 • 
Mechanical 120 f n.a. n.a. 113 a 

Pakistan Human 619 637 637 637' 
Animal 312 308 284 128 • 
Mechanical n.a. neg 2 6' 

Nepal Human 1200 f n.a. n.a. 1448 
Animal 312 f n.a. n.a. 304 
Mechanical neg f n.a. n.a. 2 

Notes: n.a. not available; a 1979;b refers to first season crop only; e - refers to wet season crop; d - 1977; 
e - average of Tamil Nadu and Orissa; f - 1968. 
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integrated into Asian farming systems since time imme­
morial, especially in lowland-rainfed rice production 
systems which are quite prevalent in Southeast Asia. 

However, during recent decades, studies or data from 
certain countries concerning the relative use of mechani­
sation, animal power and human labour on small farms 
have indicated an increasing role for mechanical power, 
while the use of animal power is reducing. For example, 
Table 2 shows the comparative estimated inputs of hu­
man, animal and mechanical power in rice production in 
selected countries of Asia from 1965 to 1978 (Duff and 
Kaiser 1984). They indicate that, in general, human 
labour forms the largest portion of farm power in rice 
production, while in 1978 animal power ranked second, 
except in Japan and Taiwan, and mechanical power third. 
In the Philippines and Thailand, mechanical power was 
about one-third and one-quarter, respectively, of the 
amount of animal power used in rice production; the use 
of mechanical power, however, was tending to increase 
slowly. Such data raise a question on the future role of 
animal power in relation to mechanisation. This paper is 
intended to present a view on future prospects for the role 
of DAP on small farms in the LDCs in the face of 
increasing mechanisation in the next two or three 
decades. 

Development Policies and Possible Effects on 
DAPUse 

Physical factors 

Rural development usually involves construction of in­
frastructure such as irrigation, electricity, roads and 
running water systems. It has been clearly observed that 
wherever irrigation water for agriculture becomes avail­
able the use of mechanical power will steadily replace 
DAP due to crop intensification, especially when and 
where crop prices are favourable. Availability of rural 
roads and electricity also tends to influence farmers 
toward increasing use of machinery due to various social 
and economic factors. Some farmers who have farms at 
long distances from their household and can afford to buy 
a two-wheel tractor usually become primary customers 
of farm-machinery salesmen. The availability of elec­
tricity and television also make the advertising of farm 
machinery most effective. From our field experiences in 
the villages, it has been noted that some farmers switch 
from the use of draught buffalo to machinery just because 
of advertising or having seen neighbours using small 
tractors, often without careful consideration of cost and 
benefits of machine purchase and their use in the long 
term. In general, the development of rural infrastructure 
tends to increase the use of farm machinery by farmers. 
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Socioeconomic factors 

One ofthe major aims of rural development is to improve 
the educational level of farmers. In most LDCs compul­
sory education is up to fourth grade, but in some countries 
has been increased to sixth grade. A direct impact of 
higher educational requirements means less availability 
of family labour to take care of draught animals. And, in 
the longer term, people with better education see better 
opportunities to get a good job or higher education in the 
cities. Many rural young people migrate to large cities to 
work. Hence one ofthe many constraints to maintaining 
draught animals is a lack of family labour. Sukharomana 
(1991), in his study offarmers' attitudes toward buffalo­
raising, pointed out that some problems of raising buffalo 
in Northeast Thailand were shortage of family labour, 
scarcity of grazing areas and lack of animal feed during 
the dry season, as well as the occurrence of animal 
diseases. However, in spite of these problems, more than 
95% of the farmers interviewed wished to continue 
raising buffalo. Eighty-two per cent of the farmers pur­
chased a small tractor because they could afford to, while 
7% said they were under pressure caused by a short 
planting season due to erratic rainfall, the rest due to 
shortage of draught animals. 

In some countries government policies tend to be 
biased toward mechanisation. As a result, banks are 
encouraged to give credit to farmers for purchasing small 
tractors. This alone has a very significant effect on the 
farmers' decisions to own small tractors, in spite of 
availability of their draught animals. Many farmers were 
found to use their tractor unprofitably, while draught 
animals available became unemployed. 

Due to rural development many other socioeconomic 
factors arise which may influence the use of DAP, for 
instance, off-farm job opportunities, village security for 
keeping large animals, market prices of cattle and buf­
falo, increases in price of agricultural land and intense 
advertising by machinery companies. Migration of farm 
labour to big cities to earn off-farm cash income tends to 
have a negative effect on the use of DAP, However, some 
farmers would spend their cash earnings on buying cattle 
or buffalo. The increase in market prices in many coun­
tries of cattle and buffalo either for beef or for draught 
purposes makes it difficult for farmers to obtain draught 
animals, especially during the time of need, i.e. in plant­
ing season. In Thailand, the buffalo bank system that has 
been launehed by both government and non-government 
agencies to assist rural poor to have access to draught 
buffalo has been on trial as a rural development tool. It 
has been welcomed by rural farmers but the number of 
buffalo banks has as yet for various reasons remained 
small. 

~vernment policies 

Various government policies, laws and regulations have 
direct and indirect long-term implications on the use of 



DAP and mechanisation. They include, for instance, 
import tax on farm machinery, farm credits and promo­
tion of small tractor use, industrialisation, irrigation, fuel 
prices and agricultural export promotion. Some of these 
issues have been partly discussed earlier. It can be seen 
clearly that if government policies are in favour of 
mechanisation and industrialisation, the use of DAP in 
rural areas will be affected, no matter whether or not 
mechanisation is profitable or suitable for rural farms. 
The level offuel prices also has a definite effect on the use 
of mechanical power. In the long run it can be expected 
that fuel prices will increase due to increasing world fuel 
consumption and limited available supplies of petrol­
eum. Prices of agricultural commodities also influence 
farmer decision on the use of farm machinery. Therefore, 
government policies in relation to foreign trade or 
free-trade zones such as AFf A (Asean Free Trade Area) 
will have some impact on the use of mechanical power in 
relation to DAP in the long term. 

Relative Roles of DAP and Mechanisation in 
Rural Farmiug 

In the last section some socioeconomic policy factors 
affecting the use of DAP and mechanical power on rural 
farms are outlined. At this stage the real policy question 
is related to the future role of DAP in relation to mecha­
nisation, whether DAP will remain to play an important 
role in rural farming or disappear from rural areas in two 
or three decades, as, for example, took place in Japan 
during the 1970s. 

It should be re-emphasised that even with increasing 
urbanisation in the LDCs, rural populations will continue 
to expand (Table 1). This means that farming in rural 
areas will continue to exist though not all rural people 
will depend on farming. What will happen to agriculture 
in rural areas in the year 2025? Do we expect an overall 
revolution in agricultural production in the LDCs? Prob­
ably not. Perhaps there could be a green revolution in the 
production of some agricultural commodities. However, 
various changes including socioeconomic aspects defi­
nitely will occur in LDC agriculture and this might affect 
DAP use on small farms. Some of these probable changes 
are discussed briefly here. 

It was pointed out earlier that, with increasing govern­
ment inputs into rural development, rural farmers will 
have better access to city and off-farm job opportunities. 
At the same time more farmers will be able to attain a 
higher level of education and skill training. Farm labour 
in many areas will become scarce and rural wages higher 
due to rural migration and effective family planning. 
Coupled with available irrigation water for agriculture in 
certain areas, crop intensification, and favourable market 
prices for agricultural products, etc., some farmers in 
such areas will shift from DAP to mechanical power. 
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However, without irrigation farmers have to depend on 
rainfall, risking many uncertainties such as crop pests, 
drought and flood. In such cases, which include the 
majority of the LDC farmers, profitable use of mechani­
cal power is quite questionable even though some farm­
ers are willing to invest in small tractors. Those farmers 
who own small two-wheel tractors in rainfed farming 
have to use their tractor for custom ploughing, as well as 
for work such as water pumping and transportation, in 
order to keep the machine sufficiently and economically 
busy. Some farmers purchase a small tractor without 
serious economic consideration, to be fashionable with 
their neighbours, or because it is affordable through 
available government credit for machine purchase. It has 
been evident in many cases that in rainfed areas, small 
farmers who sold cattle and buffalo and turned to the use 
of small tractors later discovered many comparative 
advantages in raising draught animals. Most farmers in 
rural areas who own cattle or buffalo do not give up 
animal-raising in spite of using mechanical power. Many 
of them use DAP and mechanical power in combination 
since the machine is good for heavier work, for instance, 
transportation or first ploughing in heavy and relatively 
dry soil conditions, while DAP is suitable for ploughing 
in flooded fields, or for raking and weeding, etc. 

Farming or cropping systems as well as other factors 
related to agroecosystems such as soil, water, rainfall and 
climatic conditions form a set of decisive factors as to 
whether DAP will continue to be an important source of 
farm power in rural farms. In lowland rainfed rice­
farming systems in most LDCs, for example, it has been 
evident that cattle and buffalo have been well integrated 
into cropping systems. Animal manure is used as a 
fertilizer for crops, while crop residues and by-products 
are useful as animal feeds. And, more importantly, farm­
ers can use animals for draught as well as for meat and 
milk without having to provide much cash input. It is 
evident that in such farming systems in the LDCs, the 
majority of rural farmers will continue to use DAP as a 
major source of farm power. It has been observed that 
farmers who grow crops on the upland will be more 
inclined toward the use of mechanical power, especially 
under heavy soil conditions and erratic rainfall. During 
recent years, in some LDCs the beef or dairy industries 
have become specialised and profitable. There is evi­
dence that draught cattle or buffalo have been steadily 
replaced by beef or dairy animals, while the source of 
farm power is then supplemented by machines. 

Other factors such as availability of grazing areas, 
size of landholding, increase in land price, prices of 
draught animals and other farm products, and changes in 
cropping patterns will all contribute to the farmer's 
decision on the use ofDAP or mechanical power. The use 
of DAP in the LDCs, such as in the lowland rainfed rice 
production systems, will continue to be important in 
future decades, though mechanical power will increase. 



DAP and Sustainable Agriculture 

The world today is facing the problem of how to feed 
more than 5.5 billion people without damaging the envi­
ronment and destroying agricultural resources. Every 
year almost 100 million more people are being added to 
the already heavily populated earth surface, and by the 
year 2025 (or 33 years from now) world population will 
reach 8.2 billion or even higher (Table 1). This means that 
agriculture has to produce more food to satisfy the basic 
needs of an increasing population. In the past it has been 
clearly witnessed that in many LDCs increased agricul­
tural production means more destruction of forest, soil 
and water, as well as other resources. And even in the 
developed countries (DCs), increased agricultural output 
through modern technology means more use of pesti­
cides, chemical fertilizer, intensive mechanisation, irri­
gation, etc., which will cause increased air pollution, as 
well as soil and water degradation. This is why the world 
today is turning its attention to the concept of sustainable 
agriculture, which means increasing agricultural produc­
tion without destroying the environment and natural 
resources, and as a consequence enhancing the survival 
of mankind. TA C/CGIAR (FAO 1989) defined sustain­
able agriculture as ' ... suecessful management of re­
sources for agriculture to satisfy changing human needs 
while maintaining or enhancing the quality of the envi­
ronment and conserving natural resources'. The uses of 
DAP vs mechanisation in rural farming ought to be 
evaluated from the perspective of achieving agricultural 
sustainability. Agricultural policies of governments of 
the LDCs should emphasise not only increasing agricul­
tural yield or maximum productivity but also achieving 
higher (optimum) farm production level with efficient 
use of resources and without damaging the environment. 
To allow further destruction of forest and the environ­
ment in the future is to accelerate the extinction of 
generations of our descendants. Hence the importance of 
DAP in rural farming should be considered with these 
criteria in mind, in comparison with mechanisation. 

Small-farm animal production for DAP, or other 
purposes such as meat and milk, has been known gener­
ally to be well integrated into crop production systems in 
rural areas in the LDCs, as is clearly evident in Southeast 
Asia (Chantalakhana 1990). However, when animals are 
found in some grazing areas unsuited for crop production 
or degraded lands such as semi-desert areas or eroded 
soils, livestock critics usually simply assume that ani­
mals cause environmental damage. It is generally ig­
nored that man and management are primarily responsi­
ble for such adverse consequences. Appropriate species 
of draught animals, if well managed under a suitable 
agroecosystem, will not have a deleterious effect on the 
environment, but, on the contrary, will enhance it through 
manure droppings, etc. For example, in the case of 
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draught buffalo in the lowland rainfed rice-farming sys­
tems, it is well accepted that buffalo contribute through 
manure, urine, and labour to rice production, while 
utilising rice straw, weeds or forages on marginal land 
and other non-marketable agricultural wastes and 
by-products which are otherwise not very useful to 
farmers. The animals, from a socioeconomic standpoint, 
are regarded as an investment: insurance in case of crop 
failure due to unexpected calamities such as flood, drought, 
insect or pest infestation, companion and employment 
for children, women and old age, inheritance and social 
status for rural people, and others. 

Mechanisation such as the small two-wheel tractor, 
though proven to be efficient and speedy and to reduce 
human drudgery under certain conditions such as in 
irrigated areas, is often found to be expensive and inap­
propriate under fainfed conditions where rainfall is er­
ratic and unpredictable. The use of mechanical tools and 
petroleum power in the long run could create unfavour­
able conditions such as soil compaction, pollution of soil, 
air and water, and higher price of petroleum. 

In the long run these two sources of farm power, DAP 
and mechanisation, have to be carefully and efficiently 
managed in support of sustainable agricultural produc­
tion. DAP and mechanisation do not have to be mutually 
exclusive, the use of both in appropriate combinations in 
most countries has proved a sustainable way to farm 
power utilisation. In certain farming systems, such as 
irrigated rice, mechanisation may be quite suitable, but in 
rainfed farming DAP could form a larger share of farm 
power, depending upon a specific set of socioeconomic 
factors. It needs to be emphasised here that LDC govern­
ments should not favour a mechanisation policy for the 
sake of following the modernisation trail. The economics 
of integrated use of farm power sources should be exam­
ined and continually monitored in order to be able to 
adjust simultaneously related government policies to 
achieve the best benefit from agricultural production 
with sustainability perspectives. 

Ruminant animals are believed to account for 15% of 
total methane emission into the atmosphere, but this can 
be controlled by improved husbandry practices and biogas 
utilisation techniques which, in addition, promote effi­
cient use of manure as fertilizer for crops, and improve­
ments in household sanitation and human health. 
Chantalakhana (1990) presented an analysis of small­
farm animal production with respect to agricultural 
sustainability perspectives (Table 3), which clearly re­
flects various positive aspects of keeping draught ani­
mals in integrated rural farming systems. Techniques 
such as use of a biogas digester may not appear 
socioeconomically appealing in many countries at present, 
but with future increases in human populations and 
scarcity of available resources these technologies will 
become very useful. 



Table 3. Analysis of sustainable small farm animal production. 

Level of analysis 

Field/production 

Farm 

Country 

Region/continent/ 
world 

Source:Chantalakhana (1990) 

Conclusion 

Typical characteristics 
of sustainability 

Higher yield of live­
stock; improved soil 
fertility; control of 
animal diseases and 
parasites; control of 
pollution from animal 
wastes 

Integrated crop­
forestry-livestock 
farming systems; 
insurance in case of 
crop failure; high 
regards of social and 
cultural values of 
livestock; utilisation 
of surplus labour 

Preservation of 
indigenous breeds; 
maintain social 
stability; use of 
exotic breeds 

Better nutrition; 
higher income for 
farmers; improve soil 
erosion and salinity 
due to cropping 

Typical determinants 

Use of locally available 
feed resources; 
vaccination against 
diseases; disease­
resistant and heat­
tolerant breeds; use of 
marginal lands 

Farmer training; 
increased interest in 
new technologies; use of 
manure and draught animal 
power; production of 
biogas; use of crop by­
products; household 

Disease-free zone; 
roIe of women, children 
and old folk; use of 
lands not suited for 
crops; reduced rural migration to 
cities; expansion of domestic/export 
livestock markets; increased 
research and extension activities; 
breed improvement programs 

More foods, fibre, skins, 
traction, fertilizer, 
fuel; favourable effect on 
the environment; use of 
animal traction reduces CO2 
emissions 

It is obvious that small-farm systems in rural areas will 
continue to evolve. Clearly, subsistence farming will 
continue to develop along with national development 
plans. In most of the LDCs it has been clearly witnessed 
that agricultural development generally takes a slower 
pace compared to such other sectors as industry or 
service. The agricultural sector will begin to shrink 
steadily as a proportion of the labour force, as will land 
proportion and contribution to the GNP at a certain stage 

of national development, in relation, to say, the industrial 
sector. The area of cultivated land will tend to decline due 
to urbanisation, hence, more intensive farming systems 
will replace some areas of subsistence farming when 
prices of agricultural commodities become favourable 
and other factors such as technology or capital invest­
ment are available. Intensive farming systems com­
monly employ mechanisation in order to speed up farm 
work and as a consequence this evolution in agricultural 
systems will reduce the role of DAP. However, it can be 
seen in many countries that while this phenomenon takes 
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place, some draught animals such as cattle will also be 
transformed into specialised livestock production sys­
tems such as dairy production and beef. Draught animals 
such as cattle and buffalo are well-developed multipur­
pose livestock, therefore it is not difficult to convert them 
into specialised meat or milk producers. 

In spite of all these developments, including those in 
the industrial sector, small farms in the LDCs will con­
tinue to exist for many decades due to factors including 
socioeconomic and political conditions. In the meantime 
DAP will continue to be an important source of farm 
power for rural small farmers. DAP should receive 
favourable consideration as compared to mechanisation 
within the framework of agricultural sustain ability per­
spectives, as far as small-farm systems are concerned. 
The major constraint which hinders wider use and devel­
opment ofDAP is a lack of interest and support for DAP 
research and development by LDC governmenl<;. As 
mentioned before, most LDC goverrments tend to be 
biased toward mechanisation, which is useful only when 
and where the use of mechanical power is suitable. 
However, DAP should receive due attention and support 
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from government since in many regions DAP still has 
many advantages over mechanisation, and should be 
seen as a component of sustainable agricultural systems. 
But in many cases the integrated use ofDAP and mecha­
nisation offers the best choice for rural small farmers. 
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Economic Comparisons between Draught Buffalo Use and 
Mechanised In-field Transportation of Fruit Bunches in 

the Palm Oil Industry in Malaysia 

Liang J .B.4O and Sarmin S.4O 

Abstract 

Economic comparisons between the use of draught buffalo and mechanised in-field transportation of fruit 
bunches in the palm oil industry in Malaysia were made, based ou information from the literature. It was 
found that productivity per machine/cart was the highest for the mini-tractor, followed by mechanical 
buffalo (a smaller version of the mini-tractor), and draught buffalo systems. However, when the same 
comparisons were made on a per harvester basis, the draught buffalo system was the most efficient. 
Individual harvester income was highest for the draught buffalo system because of the higher individual 
output, as compared to the mechanised systems. A larger initial capital investment is required for the 
mini-tractor system than for the mechanical buffalo and draught buffalo systems. Due to the higher 
individual output, the labour requirement for a given area was estimated to be lower for the draught 
buffalo system than for the meehanised systems. In addition, the draught buffalo system reduced weeding 
costs, resulting in significant savings for the plantation. 

HARVESTING and in-field transportation of fruit bunches 
constitute one of the major cost elements in the produc­
tion of palm oil. Traditionally, this tedious job was done 
by human harvesters who had to carry the harvested fruit 
bunches from the palms to roadside collection points 
using baskets (kanda sticks), bicycles and wheelbarrows. 
The rapid development of the palm oil industry in Malay­
sia has created a shortage of labour in this industry. To 
overcome the problem of labour shortage and to reduce 
labour dependence, many plantation managers have in­
troduced draught buffalo and various forms of mini-tractor 
to assist in-field transportation of the fruit bunches. The 
economic advantages of using these two systems of 
transportation over the traditional method have been 
reported by different workers (e.g. Muirhead 1980, Liang 
etaL 1984, Anon. 1988, Malekand Yaakob 1989, Teoet 
al. 1990). 

This paper aims to consolidate available information 
from the literature and to make economic comparisons 

• Livestock Research Division and Techno-Economic and 
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between the use of draught buffalo-carts and mini-tractor 
systems for in-field transportation in the palm oil indus­
try in Malaysia. 

Sources of Data 

Material used for this study was from three sources, 
(Liang et al. 1984; Malek and Yaakob 1989; Teo et a1. 
1990. These authors reported on the use of draught 
buffalo, mini-tractors and 'mechanical buffalo' (a smaller 
version of mini-tractors) respectively for in-field trans­
portation. It is not possible to make direct comparisons 
on the costs and returns of the different systems directly 
from the three sources because the studies were carried 
out at different times and under varying conditions of 
total fruit yield, terrain of field and the total operating 
hours per day. In addition, different parameters werc 
used in the calculation of costs and returns in the different 
studies. Therefore, several assumptions were made 
about the original data and adjustments made to allow for 
more meaningful comparisons. Some background infor­
mation on the different systems based on 
the three references used for this study is presented in 
Table 1. 



Table 1. Some background information from three references on the different systems of in-field transportation of 
fruit bunches in oil palm plantations in Malaysia. 

Systems Draught Mechanical Mini-tractorb Mini-tractor" 
buffalo' buffalo b 

(Group) (a) (a) (b) (a) (b) (a) (b) (c) 

1. Period of study 
Date (year) 1982 1988 1988 1988 1988 1988 1988 1988 
Length (months) 6 8 12 12 8 40 40 40 

2. Average working 21 24 22 25 22 22 21 23 
days/month 

3. Age of palm (years) 9 21 11 12 22 n.a. n.a. n.a. 

4. Machine or cart 
Units used 18 1 2 6 2 2 3 3 
Expected life (years) 10 3 3 5 5 5 5 5 
Horsepower n.a. n.a. 19 19 18 18 18 
Trailer capacity (t) 0.5 0.4 0.4 1.0 1.0 1.0 1.0 1.0 
Cost/unit (MR$) 1450' 4500' 4500' 14000 14000 14000 14000 14000 

5. No. of harvesters 1 4 4 6 6 17 15 14 
per unit 

6. Fruit yield 17.8 12.8 14.8 19.2 12.6 27.5 27.5 27.5 
(t/ha/year) 

Note: a Liang et aI. 1984 
b Teo et al. 1990 
C Malek and Yaakob 1989 
• Estimated at 1/3 of the price of mini-tractor (Teo et a1. 1990) 
• Price of buffalo plus cart 

Comparisons on Productivity 

Output of fruit bunches 
Productivity of the various systems (draught buffalo, 
mechanical buffalo and mini-tractor) was compared for 
daily fruit output and area covered based on per machine! 
cart and per harvester basis. It is found that productivity 
in terms of tonnes of fruits and area covered per day per 
machine was highest for the mini-tractor followed by the 
mechanical buffalo and draught buffalo systems. The 
high productivity of the two mechanised systems over 
that of draught buffalo was due to the larger number of 
harvesters allocated to each machine in the former sys­
tems. In the draught buffalo system, each buffalo cart was 
handled by one harvester while 4 to 17 harvesters, 
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working as a team, were allocated to the other two 
systems (Table 1). However, when productivity was 
compared based on per harvester basis, the draught 
buffalo system was the most efficient (Table 2). 

Costs and returns 
The primary objective of the introduction of draught 
buffalo and other forms of mechanised in-field transpor­
tation in the palm oil industry is to reduce the costs 
of harvesting. It is found that this cost ranged 
MR$10.58-MR$16.06/tfor the three systems compared. 
Cost of harvesting and in-field transportation for the 
draught buffalo system was similar to that reported for 
the mini-tractor system by Malek and Yaakob (1989), 
and was 20--30% lower than that for the different groups 




