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INTRODUCTION

Use of draught animal power in developing countries is
an excellent example of mass application of appropriate
technology. About two billion people in the developing
countries depend upon draught animal power for agricultural
and allied operations, hauling vehicles, logging operations
and carrying goods, Draught cattle and buffaloes produce
anywhere between 0.4«0.8 horse power on a sustained basis.
In Indla, there are more than 50 million small and marginal
farms of less than three hectares., Bullock power is ideally
suited for such small holdings because (1) the capital invest-
ment needed for the purchase of tractors is often beyond the
capacity of such farmers and (2) the holdings are too small

to put use the full capacity of these mechanical power sources.

Taking into consideration the power generated by draught
animals in the country, it is assumed that £ive pairs of
animals can be replaced by one tractor and about 30 million
tillers and tractors will be required to replace the draught
animals (Ramaswamy, 1983). Due to the fragmented and scattered
land holdings, low econamic levels, lack of adequate capltal
and abundance of man power, mechanlsation is hindered in our
country. Moreover, maiptenance of an animal unit by the farmer
is a traditional style and involves mostly family labour,

Eight million work animals plough two-thirds of the land and
carry two-thirds of the rural transportation. Apart from power

the products like meat, skin, bone, hoof, horns, dung and



numercus other by-products contribute to the economics of

the country (Ramaswamy, 1983).

At present, in India, we have 70 million bullocks,
8 million buffaloes and one mlllion e¢ach of horses, camels
and d;nkeys. A majority of the well defined bxeeds of cattle
in India are of the draught type. The males are good working
animals and femalqs poor milk producers. Practlcally all
breeds of Indian qatt%e belong to the humped bovine, South
India has some of the most Important draught breeds of cattle
namaly Alambadi, Amrithmahal, Ba{gur. Hallikar, Kangayam and
Khillarid, " All these animals are very hardy and suilted for
fast work. The Kangayam is one of the popular breeds of South

Indla, mainly because they are economical to maintain,.

The cross~breeding policy of our country has brought
about an increase in the number of cross-bred bullocks which
are mainly a by-product of this programme for increasing milk
production. While the indigenous breeds are well recognised
as ideal draught animals sultable for the harsh environmental
conditions, the cross-breds are yet to prove their merit in
this respect. There is considerable resisténce on the part
of farmers to accept cross-breds as work animals, Wﬁether
this is due to prejudice for something new or due to some
genuine handicap on thelr part can only be assessed by careful
experimentation. An answer to this question is vital as large
number of cross-bred males are going to be produced in the

country for which avenue as meat animals is limited,



Thé draught performance of cross=bred bullocks has not
been much evaluated, especially so under our agro-climatic
conditlons., Moreover, comparison of the exlsting excellent
native draught breeds wlth the above group is also meagre.

The scanty data avallable at present is with Hariana (dual
type cattlei and o;her minor draught breeds. Thorough inves-
tigation with the South Indian breeds and cross-breds available
under the existing agro-climatic zone has not been done so far,
Hence, this study 1s undertaken to compare the draught perfor-
mance of a South Indian draught breed (Kangayam) with cross-

bred draught bullocks.

Climate is one of the limiting factors in draught animal
perxformance. - According to ICAR (1977), the climate of indian
subcontinent 1s essentially troplcal with three distinct
seasons - winter (0§tober-February), summer. (March-June) and
rainy {(July-September). In Kerala, there i1s gbsence of seasonal
-xythm and little variation in day length (Nair, 1973). Somanathan
and Rajagopalan (1983) after studying the climatic profile of
Mannuthy, came to the conclusion that two distinct seasons
(rainy and dry) prevail in this locality which is generally
applicable to the plains of Kerala. The rainy season was again
subdivided into cold-wet and warm-wet. Similarly, the dry
season was subdivided into warmedry and hot-dry. The draught
animals are exposed to a persistent hot-humid climate and they
are subjected to tremendous stress from the environment and

from thelr system, The hot humid climate is imposing a direct



and indirect influence on the draught animals. The heat
generated from exercise and metabolic heat production are

also adding upto the stress £actors.

Low quality dlets based on straw or very mature grasses
are often the only food available for draught animals in the
tropics. These diets add to the problems imposed by climate.
On the one hand their high heat increment of feeding may add
to the heat stress (Stott and Moody, 1960) and on the other
they impose severe physiological ;imitatiqns on their feed
intake (Dinius and Baumgardt, 1970; Baile and Forbes, 1974).
There ls considerable evidence to suggest that cross-breds.are

less heat tolerant than the pure bred Bos indicus animals

(Thomas and Ragzdan, 1973’and 1974; Amakiri and Funsho, 1979
Holmes et al., 1980). With the added heat production due to. '
work, will the cross-bred bullock be able o perfofm efficiently
and consume enough coarse feed to maintain ltself and provide

energy for work? On this will depend the future of Bos indicus x

Bos taurus cross~bred bullecks as a draught animal for tropics.
The present study aims at evaluating the draught potentialities
of indigenous and cross~bred cattle under the agro-climatic

zone of Kerala.
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"REVIEW OF LITERATURE

2.1. Draughtability

Work is done when force is e#erted to move an object
over a distance. Work in the strict sense of 'force exerted x
distance through which the force is moved' is dene by animals
only under certain circumstances like (1) walking uphill and
(2} pulling against some external force. Howaver, the term
"work" has a more practical definition in the case of animal
draught; it consists of "all activities which require an

increase in energy expenditure®.

For controlled expeﬁiments making simultaneocus measurement
of work-output and energy expenditure, traditionally treadmills
have been used, 1The energy expenditure while working can con-
veniently ﬁé partiﬁioned into that for walking unloaded, walking
upﬂill. carrying loads and pulling loads. The net energy cost
of walking unloaded has been estimated to be 2 joules/kg body
welght/metre in cattle and buffaloes (Lawrence, 1985). Energy
cost of walking uphill*hés been found to be 264,82 j/kg body
weloht/metre ascended (Thomas and Pearson, 1986) and 26.5 j/kg
{(Ribelro et al., 1977). Cattle expended 3 joules and buffaloes

5 joules for carrying 1 kg load over 1 metre (Lawrence, 1985).

Brahman cattle had to spend 33 joules and swamp buffaloes
26 joules for pulling 1 kg/metre travelled (Lawrence, 1985).

Direct measurement of draughtability is generally incon-

venlent and difficult under f£ield conditions because of lack



of quantitative measure of dréughtabi;ity. Unlike performance
testing of milk, meat or wool producing animals, there is no
simple objective criterion of the value of an animal for
draught purpose (Lawrencé and Pearson, 1985). Studies on
developing a standard for measuring draughtabillity by corre-
léting body measurements, body conformatién and physiologlical

reactions with work performed has been done by many workers,

The draught power exerted by animais 1s directly propor-
tional to their body weilght, though it is influenced to some
extent by other factors like method of hitching the implements
and the type of yoke used (Subramanian and Ryan, 1975). They
reported that bullocks can exert roughly eight to twenty

per cent of thelr body welght as draught.

Studies at the IVRI (Anon., 1960) to determine the maximum
tractioﬁ load which a bullock could carry for a long periocd
without showing signs of distress or fatigue indicated that
58 per cent of the bullocks could draw cart 1oadé upto 420 per
cent of their body welight for six hours whereas four’ﬁer cent
of the animals could draw a load of only 300 pér cent of their
body weight for six hours. -

Mukherjee and others (1961), reported that Hariana
bullocks could draw a cart for six hours with maximum load of
310 to 540 per cent of body weighg. They observed that the
horse power developed in disc-ploughing, harrowing and culti;
vating was 0.80, 0;57 and 0.94 respectively for Harlana bullocks.
Eight Hariana bullocks were used to study their draughtability



while working with three common agricultuéal implements namely\
dise plough, harrow and cultivator (Singh §g|§;:. 1968). The
pull was measured with a dynamometer and horse-power developed |
during these operations was calculatea as OoéS. 0.97 and 0.74

raspectively.

Singh et ai. (1970) studied the horse-~power developed by
Sahiwal bullocks (6 to 10 years old) while working with disé-
plough, disc-harrow and cultivator and compared it with that
of Harlana bullocks. The horse-power developed by Sahiwal
bullocks were 0.84, 0,63 and 0,70 respectively and were lower

L)

than that of Hariana,

The average sustained tractive force of draught animals
depends on numerous factors of which bodﬁ weight, speed and
endurance are most Iimportant (Reh, 1982) and it has frequently
been stated that a draubht animal can sustain a tractive force
equal to approximately 10 per cent of its body wedght (FAO, 1§72;
Smith, 1981; Reh, 1982),

Gattewar (1983) compared the work performance of Hariana
and Holstein x Harlana cross-breds by subjecting them to
harrowing. The cross-breds had better draught capsecity and
higher power generation than Hariana. The Hariana bullocks
exhibited more stamina to work slowly but steadily than eross-

breds. .

According. to. Goe (1983), the tractive force produced by

oxen is largely dependent on body weight, especlally the amount
distributed over the front legs. .



Draught performance and efficienc& of work under hot dry,
hot humid and cold dry climatic conditions for'varying loads
. were evaluated among Hariana and Karanswiss bullécks using
single-animal pneumatic tyred bullock cart.. Hariana bullocks
produced higher horse~power (0.57) thaﬁ the Karanswiss cross-
bred bullocks (0144). At higher loads,Raranswiss bullocks
generated more hﬁrse-power than Harlana in the cold seéson

{(Annual Report, 1985-86, ICAR).

Most of the above investigators have éalculated 'work'’
done by taking a time .average of the draught force as measured
with a dynamometer times the total distance travelled (Goe and
McDowell, 1980). However, Lawrence and Peafson (1985) are of
the opinlon that this approach is fundamentally wrong and can

lead to érrors.

For animals in the f£ield, calculation of work-output and
energy expeanditure are more difficult. An animal working in
the field experiences variations both in the applied load and
in the speed at which it travels. Under these conditions, the
correct way in which the work done can be measured is to inte-
grate the force exerted by the animal with respect to distance

travelled (Lawrence and Pearson, 1985).
2.2, Use of cross=bred animsls for work

Ag a result of wide~spread cross-breeding of European
(Bos taurus) and Zebu (Bos indicus) cattle to increase milk

production, a large number of cross-bred males are produced.



' These cross-bred males can be put to work in many parts where

conditions are £avourable (Pearson, 1985).

Cross-bred animals are usually heavier than pure-bred
indigenous cattle and consequently should be able to generate
more power (Anand and Sundaresan, 1974). They found that in
heart girth measurements, which is a measure of stamina, the
cross-bred bullocks are slightly better than Harlana. _All the
waight of the animals plus the load they carry is borne by the
legs and hence the animals with thicker bones can manage
heavier loads, In this respect also, they found cross-breds
to be better than Zebu animals. But iﬁ height and length, two
characteristics involved in speed, both cross-breds and Hariana

were reported to be of the same capacity.

Roy et al.: (1972) studied the ploughing activities of
Hariana and Jersey-Harilana grosses under wet and dry soil con-
ditions in West Bengal, Ploughing of wet land from 0800 hours
to 1000 hours over a temperature range of 25 to 35°C resulted
In the cross-b;eds ploughing a slightly larger area than the
Hariana. Trials conducted on dry land, over the same period
with a temperature range of 26=-34°C caused a rise in temperature,
pulse and resPiratpry rates of both the groups, Although, the
cross-breds exhibited the largest increase in the above physio-
logical reactions, equivalent amounts of land were ploughed by

both the groups,

Rao et al. (1974), studied the work efficiency of cross~bred
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bullocks and concluded that during hot humid and winter months,
the areas ploughed in unit time by cross~bred and Zebu bullocks
were similar, They did not find any symptoms of distress during
months even after continuous work for four hours. In a practical
study consisting of ploughing and carting trials in Orissa,
Acharya gt al. (1979) reported that althoughhcross-bred bullocks
showed earlier manifestations of panting and salivary frothing
accompanied by higher rates of pulse, resplration ané tempara-
ture, they exhibited more stamina, higher speed and greater

capacity for work than the non-descript indigenous bullocks.

Maurya and Devadattam {(1982) , tested Jersey x Red Sindhi
bullocks by making them haul loaded carts to study the response
of pulse, respiration and temperature under different draft and
ambient conditlons. There was significant increase in the above
parameters and the study indicated that these bullocks were not
very much heat sensltive as they continuously worked for six
hours a day for 18-19 days at a stretch at drafts varying from
11-18 per cent of thelr body welght. Maximum power output was

0.99 horse-power at a speed of 3,35 kmph.

Gattewar (1983) compared the physlological responses of
cross-bred (Holstein x Hariana) and Hariana bullocks as a
result of harrowing during different seasons. The cross-=bred
bullocks had comparatively higher body temperature, pulse rate
and resplratory rate than Harilana in all the seasons. Goe
(1983), reported that when comparing the draught potentialities

of indigenous to cross-bred cattle, consideration must be glven
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to body weight. Since, the tractive effort produced by animals
1s largely dependent on body welght, especially the amount dis-
tributed over the front legs, cross-bred bullocks should be

able to generate more power.

Rao and Upadhyay (1984) studied the work performénce of
Jersey x Sahiwal cross-bred bullocks by using them for ploughing
and carting trials durlng different seasons. The areas ploughed
in six hours by cross-breds in summer, hot humid and winter
geasons were 2800, 2600 and 3100 sge.m. No distress symptoms
were exhibited by the animals while ploughing for six hours
and carting for two to three hours with 4, 6 and 8 quintal
loads in a single animal pneumatic-tyred cart.

Nagpaul et al. (1984), reported that cross-bred bullocks
performed as good as Zebu and buffalo bullocks during summer
and winter seasons in carting and ploughing operations at
village farms in India, The cross=breds did not have problems
of excessive panting and other heat stress symptoms during
summer months., The draught performance and efflclency of work
under different seasons for varying loads was calculated among
Harliana and cross-bred bullocks in a single animal pheumatic-
tyred cart, With higher loads, there was no significant diffe-
rence between Zebu and cross-bred bullocks, but with lower loads,
Hariana animals travelled faster. Work producing efficiency of
Hariana animals was found to be higher than that of cross-breds
(Upadhyay and Madan, 1985),
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Thomas and Pearson (1986), after studying the rectal
temperature, sweating rate and resplratory rates suggested
_that cross-bred animals are less able to dissipate the heat
associated with work than the pure-bred Zebu types, although
all animals regardless of breed showed some increase in body

temperature when working at high temperatures.

There has been little acceptance of cross-breds as draught
animals because of the general opinion that the performance is
inferior to that of indigencus cattle. It is said that they
are dilfficult to harness as they lack the prominent hump of
the pure Zebu. The absence of prominent hump in these animals
should not ke thought as a disadvantage (Pearson, 1986). Goe
(1983) reported that Fy cross-bred bullocks were less suscep-
tible to yoke galls as a result of increased muscle development
over the rhomboildeus muscle and forward positioning of the
reduced hump compared wlith pure-breds.

2.3. Feed Intake

Although 300 million animals are used for draught purposes
in developing countries, there had been very little research
on the nutritional requirements of these animals. Most of the
fragmentary information which is availlable 1s derived f£rom
investigations in a few centres in temperate countries. There
is relatively little information. on the physiological changes
during work or exercilse which might influence food intake.
Also, very little information is available on the voluntary
food intake of draught animals.
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Apart from the native grasses, the staple diet of most
of the draught cattle and buffaloaes throughout the world is
the fibrous crop residues remalning after the harvest. There-
fore, for much of the year these animals are eating diets of
a high £ibre content which are usually low in crude protein
and they are often unable to consume sufficient to meet thelr
requirements particularly during work (Pearson, 1986). Low
quality diets baséd on straw or very maturé grasses are often
the only food available to draught animals in the tropics and
these dlets add to the problems imposed by climate (Thomas and
Pearson, 1986).. There are many raeports which indicate that
Zebu type cattle are superior to European cattle in their
capacity to utilize poor quality £ood particularly under heat

stress (Phillips, 1961; Ashton, 1962).

It is well establlshed that as diet quality declines,
voluntary food intake is reduced (Dintus and Baumgarde, 1970).
This is largely because-the reduced rate of passage of food
along the gut result in physiologlcal limitation on the quantity
of food which can be taken in unit time. A reduction in volun-
tary food intake is one of the £irst notlceable responses to
thermal stress in ﬁost livestock (Thompson, 1973). An adequate
energy intske is important if an animal 1s to carry out sus-
tained work. Unless draught animals are allowed to overcome
the nutritional limitation of food intake imposed by low quality
diets and harsh physical environment, the response of draught
cattie and buffaloes subsisting on such diets can only be a
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combination of reduced work rate and loss of body tissue.

The major limitation to work output by ruminants in
developing countriés is food Intake. This may be due to a
simple laék of avallable food, but also due to ﬁhe poor qua=-
lity of what‘is available which may impose severe physiological
limitation on the nutrient intake. If working animals eat |
more food to meet increased demands of energy, then their
intakes of protein will also increaée. This is true for
ruminant animals in which rumen ﬁicrobial activity ensures
that a balance 1s maintained between energy intake and the':
supplies of aminoacids and other nutrients to the tissues
(ARC, 1980).

There is no gvidence of specific requiremeﬁt for mineral
elements, vitamins or essential £atty aclds for physical work
and any extra food consumed to meet energy needs will supply
the animal with additional other nutrients.  Underwood (1981)-
noted that eaven the intense phosphorus metabolism which occurs
during muscular activity does not ralse phosphorus requirements

.because of the body's efficient conservation mechanisms.

Draught cattle and buffaloes are frequently poorly fed
and appear to ﬁave reduced disease resilstance (Reh, 1982
Coulomb, 1982), The combination of poor qﬁality £ood and
unhygienic éurrougdings lead many draught animals o suffer
from chronic infectlons, not achieve physiologicaliy sufficient

food intzke and remain less capable of sustained hard worlk,
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Nutrient imbalances are frequently associated with
reduced apetite, Correlation of thq mineral and trace ele-
ment deficlency and toxlcities in local forages which are
common in much of the tropics usually result in rapid increases
i? food intake and energy availab;e for productive purposes.
The low protein content of the poor diets on which most draught
cattle in the tropics subsist migﬁt bg a major factor liﬁiting
food intake (Moran et al., 1983) and therefore, the energy
available for work. In such cases, higher protein intakes

might have beneficial effects by stimulating apetite.

Upadhyay et al. (1983), in a study on the effect of
nutrient intake upon the efficiency of work in young cross-
bred bullocks pulling carts over short disﬁances found that
work had no effect on food intake. - Six Brown Swiss x Sahiwal
bullocks of 2-3 years of age were used for the study. They
wexe made to pull 400 and 650 kg of cart load for one hour on

a metalled road.

The dry matter lntake increased when cattle were maintained
in é thermoneutral environment of 18,5°C for 10 days. But
~ following exposure to heat, the intake gradually started
declining, the gradient becoming steeper as the exposure periocd
prolonged,

Lavrence and Campbell (1985), studied the effect of work
on the voluntary drymatter lntake of bullocks, Three palrs of
bullocks were kept in metabolism crates except when working and

fed on a diet consisting of either 11 g or 22 g of congentrate
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per kg live weight. 0.75 per day plus a poor quality hay gg 1ib.
Total voluntary drymatter intake was measured for each animal |
during weeks ﬁhen they were working regularly everyday and
during the weeks before and after. It was found that the
avérage daily voluntary drymatter intake of bullocks eating
the higher quality diet was generally more than those eating
the lower quality and they maintained body weight., Animals
which had the lower quality diet lost body weiéht. It was
concluded that working bullocks were unable to supply their
increased energy needs by eating more and therefore the quality
of thelr diet must be increased if they are not to lose body

welght.

Lawrencé and Campbell (1983) found that work had no signi-
ficant effect on the digestibility of organic matter of the
diet. A supposition is that animals doing hard work such as
rloughing use more energy during the day and hence need more
an&ﬁbetter quality food than animals doing light work such as
pulling a cart. It has been found unreasonable to base the
food requirements of working bullocks on the severity of the
work they have to perform. On detailed study it was founa that
the energy expenditure of bullocks does not increase with the
severliy of work and that bullocks use more energy when doing

light work than when they are doing hard work.

Lawrence (1985), In a study of the voluntary feed intake

of oxen in Costa Rica, has found that work had little effect on

0 '.t
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apetite. Work which increased dally energy requlrements to
1.4 to 1,5 times the malintenance was not assoclated with any
increase in voluntary feed intake or digestibility of poor
quality diet. There was some evidence of small increase in
intake in the seven days immedlately followlng work although
this was not sufficlent to compensate for the extra energy
used during the working period. No effect of work on food

intake has been observed in lactating cattle (Lawrence, 1985).

The voluntary drymatter intake on days of work under
heat stress and days on which no work was done but animals
remalning under heat stress was carried out on Brahman and
B}ahman X European cross-bred bullocks (Thomas and Pearson,
1986) . pThere was no significant difference in intake between
breeds. Animals when working at an ambient temperature of
' 33°C consumed significantly less food than they did on days on
which no work was done and days on which they worked at 15°C.
It was concluded that the reduced intake was more a reflection

of the increased heat load on the days when work occurred.

In the abseﬁce of any stimulating effect of work on apetite,
it must be assumed that voluntary food intake of high roughage
diet is not likely to be suéficieﬂt to meet the extra energy
required during work. Therefore, if an animal is required to
work, the extra energy must be supplied by increasing the
qualilty of the diet (Pearsoh. 1986).
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" 2.4, Lffect of therma) stress on animals with
specific reference to draught animals

'_Ambient tempsrature, atmospheric humidity, golar radla-
tion and wind velocity are the principal climatic factors
determining étress to livestock due to physical environment
ané thus affect feed intake, production and efficiency of
utllization of encrgy for production (McDowsll st al., 1969).
Anilmals used for draught purpoées mostly work in enviromments
where the ambient temperatures are high. The heat lcad on an
animal is increased by the heat generated during physical work.
The effects of solar radiation to which the animals in open
flelds are necessarily exposed and the metabolic heat produced

by consuming coarse roughages further aggrevaté the heat stress,

Breed differences exist in the adaptabllity of cattle to
environmental thexmal stress., There is considerable evidence
to suggest that cross-bred animals are less heat tolerant than

pure-bred Bos indicus animals (Thomas and Razdan;, 1973 and

1974; Amakird and Funsho, 1979; Holmes et al., 1980),

-7

Moran (1973) studied the heat tolerance capacity of Brahman
cross-breds, buffaloes, Banteng and shorthorn steers during
exposure to sun and as a result of forced exercise lasting
45 minutes., The buffaloes were least heat tolerant in-both the
trials with the shorﬁhorn coming next, The heat tolerance of
Banteng and Brahman cross-breds differed little in the statilo-
nary trilal but Bangengs were more strassed by forced exercise.

Horst et al. (1975), worked out the Iberia heat tolerance
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cqéfficients {Rhoad, 1944) of Herefords, indigenous and Qrossw
'ﬁr@d'cattle as 78.0, 82,7 and 79,9 respectively showing that
the indigenous cattle were more tolerant o heat than the

Hereford but the differences were not significant.

Heat has been found to reduce work output because the
working animal cannot lose heat to the environment sufficiently
fast to prevent intolerable rises in body temperature (Ingram
and Mount, 1975). The inability to dissipate the heat asso-
clated with work may limit the amount of work which an animal
can undertake in a hot environment. The adverse effects of
tropical environments may be minimised ﬁy working the aﬁimals
in cooler early hours of the marﬁing and again in the late
afterncon as is traditlonal in some areas (Williamson and Payne,

1978},

Singh and Mishra (1980) studied the heat tolerance capa-~
city of Holstein, Jersey cross-breds (Jersey x Hariana) and
Hariana cawso They found that Holstein cows were most affected
in hot humid enviromments. The cross-bred cows sufféred £rom
heat stress during summer whereas Hariana showed very little
strain in any season. Ishaq et al. (1981) reported that obser-
vations on physiological reactioﬁs showed that aléhough the
cross-bred (Swedish Red and White x Sahiwal) heifers were more
productive, they were significantly lésé adapted to heat stress
than the native Sahiwal., Thomas and Pearson (1986) observed
that immediately after exercise, crogs-breds had significantly
(P<0.05) higher respiration rate than did Brahmans..

1
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The capacity for work might be reduced as heat depresses
éppetite (Thompson, 1973; NRC, '1981; Thomas and Pearson, 1986),
The main factors likely to influence work output by animals
in the tropics are heat tolerance and ability of the énimal to

consume enough energy to raplace that which is lost during work.

Thomas and Acharya (198l) calculated regression coeffi-
clents of milking averages of Holstein<Friesilan and Jersey half
breds on average daily maximum temperature, avérage vapouy
pressure, average THI and on number of months with average
THSI above 75. All the regression coefficilents were higher
in Holstein-Friesian half-breds than in Jersey half-breds,
indicating that Jersey crosses were affected to a'lesser degree
by environmental thermal stress than Holstein—Friésian Cross=

bred's . . )

Evaluatlon of heat tolerance by means of three tolerance
tests and of sweating rate in Holstein-Friesian, 3/4 Holsteine
Friesian-1/2 Zebu and 5/8 Hblstein—Friesiaq and 3/8 Zebu cattle
showed significant differences batween Holstein-Friesians and
the cross-breds (Morals and Espinosa, 1982), It was found that
the Holsteln-Friesians were less heat tolerant than the cross-

breds. Investigations of sweating rate also gave similar

results,

Fleld and climatic chamber studies involving exercise
(forced walking) in Hereford cattle with and without coat

clipping revealed that walking elicited greater thermoregulatory
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stress than the possession of a wooly hair coat (Vajrabukka

and Thawaites, 1984).

Physiological reactions like respiratory rate, pulse rate
and rectal temperature have wide applicability in heat tolerance
studies. Rectzl temperature in animals can be taken as an index
of body temperature because at this location a thermometer can
be inserted into the body of the animal without e#citing it.
Findlay (1961) reported that for all practical purposes the
rectal temperature appeared a very good measure of the tempe-
rature of the animal. Measurement of rectal temperature is
highly relevant because it represents the overall heat balance.
Increased respiratory rate is a means of thermolysis and is
indicative of greater need for thermolysis. Exercise also
enhances pulse rate as more energy and nutrients have to be
transported to the muscles and metabolic residues and heat have

to be removed from them at an increased rate.

Singh et al. (1968) studied the physiological reactions
of Harlana bullocks while working with three common agricultural
implements namely disc plough, harrow and cultivator while
Singh et al. (1970) studied the physiological responses of'
Sahiwal and Hariana bullocks to exercise, In both studies
significant rise in the physiological responses was observed.
The resplratory rate came to normal within half an hour in
all the bullocks. There was no £all in témperature after the
first half hour, but later there was a gradual fall. The
pulse rate showed a gradual fall after completion of the agri-

cultural operations when the animals rested,
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Increases in rectal temperature, respiratlion rate and
pulse rate due to various types of exercises have been reported
in Zebu cattle (Devadattam and Maurya, 1978;~Gattewar, 1985;
Upadhyay and Madan, 1985), European breeds (Moran, 1973;

Yeates and Partridge, 1975; Garcla gt zl., 1978; Adeyeﬁo et al.,

1979), Bos taurus x Bos indicus cross-breds (Moran, 1973;

Yeates and Partridge, 1975; CGarcia et al.. 1978; Maurya and:
Davadattam, 19823 Gattewar, 1985; Upadhyay and Madan, 1985)

and water buffaloes (Moran, 1973; Rana et al., 1978; Nangia

et al., 1980; Garg et al., 1981; Singh et al., 1982; Singh

et al., 1983; Upadhyay and Rao, 1985). '

Higher ambient temperature coupled with exercise produced
greater stress., Exercise at 33°C resulted-in significantly
(P 0.05) higher rectal temperature than exercise at 15°C

(Thomas and Pearson, 1986).

215. Haematological studiles
Exercise has been found to decrease haemoglobin content
and packed cell volume in malg buffaloes (Rana et al., 1977;
Singh et ak., 1980; Singh et a\., 1982). Gattewar (1983) on
the other hand cbserved that exercise caused an increase in the
Blood hasmoglobin content and pécked cell volume in cross—brgd

bullocks whereas it lecreased in Hariana bullocks.

Blood lactic acld content was observed to increase (Singh
et al., 1980; Agarwal et al., 1983; Gattewar, 1983 and Upadhyay

gt al., 1983) due to exercise in male buffaloes and crogss-=hred
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and Hariana bullocks. Muscular activity 1is known to result

in lactic acld production and increase blood lactlec acld level

| (Harmansen and Vaage, 1977).

Most of the studiles indicated a decreasé In the blood
bicarbonate level due to exercise (Garg ét al,, 1981; Aggarwa;'
et al., 1983 and Gattewar, 1983). This 1s expected because
exarcise increases resplration rate resulting in}hyper—venti—
”llaéion and blowing off of carbondloxide from the ;uﬁgs; To
keep acid-base balance, the Eody excretes more bicarbonates,
thus 10wefing_the blood bicarbonate ievél. Howéver. Nangia
and assoclates (1980) and Singh et al. (1980) observed an
increase in the blood bicarbonate level in male buffaloes due

to éxeraise. They could not give a valid explanation for this.

The erythrocyte sedimentation raté has been found to
incfease due to exercise in male buffaloes and cross-bred
bullocks (Rana et al., 19773 Singh et al., 1980; Singh et al.,
1982 and Gattewa;, 1983)., O©On the ogheﬁ hand, exercise caused
a decrease In erythrocyte sedimentation rate in Hariana bullocks

(Singh et al., 1968 and Gattewar, 1983).
2.5, Area covered during ploughing

Roy and co-workers (1972) compared the ploughing abilities
éf Hariana bullocks and Jersey x Harlana cross-bred bullocks
under wet and dry soil conditions in West Bengal. Ploughing
of wet land f£rom 0B00 to 1000 hours resulted in the cross-breds

ploughing a slightly greater area than Hariana. Trials conducted
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on dry land over the same time perlod showed that equiValent

. amounts of land were plougheq by both the groupe. They found

. that when work commenced at 0600 hours and ended at 0800 hours,
| cross~breds were able to plough more land than Hariana and
attempting to work the cross-breds after 10, 00 hours was diffi-

LIS

cult.

. Anand and Sundaresan_(197e) found that cross-bred bullocks
covered only less area while ploughing.for six hours when COM=
pared .to Hariana bullocks. The greatest difference was in
humld summer when the total area ploughed by cross-breds was
17 per cent less than that ploughed! hy Hariana. In winter and
summer seasons, the difference was only 10 per cent and 7 per
cent resPectively. Rao (1974) found that the area ploughed by,
Hariana bullocks in four hours was 9 and 11 per cent more than
that ploughed by crose-breds during'eummer and winter months
respectively and the dlfference increased to 17 per cent during

hot humid period, -

L]

Nagpaul and associates (1984) ueed indigenous bullocks,
croee—bred bullocke and buffalo bullocke for ploughing opera-
tions, They found that the crose—brede performed better as
evidenced by maximum area ploughed in one hour in summer and
winter and concluded cross-bred bullocks performed as good as
Zebn and buffalo‘bullocks during summer and winter months in

ploughing operations at village farms in India.

~Rao and Upadhyay (1984) used two palrs of cross-bred

bullocks for ploughing for six hours and found that the area
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ploughed in summer, hot-humid and winter seasons were 2800,

2600 and 3100 sg.m. respectively.
2.7. Speed of walking

Singh and co-workers (1970Q) observed the speed -of walkling
in sahiwal bullocks during disc ploughing, harrowing and tilling

to be 2.21, 1.98 and 2.21 knw/h respectively.

Williamson and Payne (1975) observed that work ox has a
rate of movement best sulted to 1ts galt and an average of
0,88 to 1.2 m/sec can bhe considered as the normal rate, whereas,
the maximum speed that can be attained by buffaloes 1s on an
average of 0,88 m/sec. The normal walking speed of cattle and
buffaloes was estimated to be between 0.6 to 1.2 m/sec depend-

ing upon the type of job they are undertaking (Lawrence, 1985).

In a study on the draughtability of Swamp buffaloes and
its crosses with Murrah, Garilloc and co-workers (1987) found
that swamp buffaloes had a speed of 0,599 m/sec in dryland
pPloughing and 0.555 m/sec in wet land ploughing, whereas swamp
buffaloes x Murrah cross-breds walked at a speed of 0.501 m/sec
in dry land and 0,539 m/sec in wet land. No significant diffe-

rence was observed in the speed of walking.
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MATERIALS AND METHODS

The experimeht was conducted at Mannuthy, Trichur dis-
trict, Kerala. Geographically, Mannuthy is situated at
longitude 76°, 16°E at latitude 10°32°N and the altitude of

place is 22.25 M above MSL.

3.1. Experimental animals

A gatéh of four adult cross-bred bullocks (Jersey x Red
Sindh;) born and brought up in the University Liveétock Faxrm,
Kerala Agricultural University and four adult indigenoué
draught bullocks (Kangayam type) bought from local market vere
used for the study. The animals were already trained for
ploughing and carting works. The two groups of animals were
retained under identical experimental conditions in the farm.
The animals were housed in well lighted and well ventillated
cdeentional céttle sheds with concrete floor and tile roof,

Individual feeding and watering arrangements were prasent.

The bullocks were fed a commercial concentréte ﬁixture
(pellets) and greengrass. The feed given throughout tﬁe entire
pariod of study was more or less uniform. Measured quantities
of concentrates according to their requirements were given.

Roughage and water were offered ad libitum,

All animals were washed and scrubbed daily in the morning.

3.2, Observations
The meteorological data obtained frem the Department of

Agro Meteorology situated at an approximate distance of 2 km
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were utllized for the study. The climate was pfofiled with
respect to ambient temperature, humldity and hours of bright
sunshine, The dally recordings of maximum, minimum and daily
mean temperatures, dry and wet bulb temperatures in the morning
" and evening;every day and monthly total hours of bright sun-
shine for the whole year of 1986 were collected. They were
averaged for each’ inonth and with these average values relative
hunidity, vapour pressure, temperature humidity index (THI)

and temperature humidity sunshine index (THSI) (Thomas and

Acharya, '1977) were estimated.

The animals were used for ploughing on dry land for
4 hours and 5 hours continuously on alternate days, on each
day there being one pair of indigenous and one palr of Cross=—

bred bullocks. The ploughers were switched over to avoid bilas,

Physiological responses in terms of respiratory rate,
pulse rate and rectal temperature wera recorded immediately
before the start of work, immediately after work and after

1 hour of rest after work.

Blood was collectea using EDTA as anticoagulant., The
haemoglobin per cent (Benjamin, 1974), érythrocyte sedimenta-
tion rate (Benjamin, 1974), packed cell volume (Benjamin,'i974),
lactic acid content (Barker and Summersoﬁ.‘lgél) and plasma
bicarbonate (Vanslyke, 1922) wers estimated before the start - -
of work, immediately after work and after 1 hour of rest after
work. Blood was collected for the estimation of plasma bicar-
bonate as per the procedure described by Oser (1965) under
inert mineral oil without contact with air,
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In order to study the relative efficiehcy and speed of
work, the indigenous bullocks and cross-bred bullocks were
made to plough ih uniform but separate fields: The area

ploughed by each pailr in one hour was measured and compared;

The walking speed of indigenous and cross-bred animals
were calculated by measuring the time taken to traverse a
partlicular distance and the averages taken and compared; This

was repeated for 15 days.

The intake of concentrates and roughages of ééch animal
was recorded at regular intervals and the dry matter intake
was calculated. 'The body weight of animals were also recorded
dﬁring the same pericds and the dry matter intake rer metabolic

body size was estimated,

The water 1ntakes of all animals were recorded at regqular

intervals and expressed as per cent of dry matter intake per

metabolic body size.

The data were subjected to statistical analyses by paired
e test. (Snedecov and Cockranl 1%7)
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RESULTS

The monthly average meteorological data of the experi-
mentél yvear 1986 -wlith respect to masximum temperature, minimum
temperature and daily mean temperdture havé been presented
iﬁ figure 1. Figure 2 deplcts the monthly averages of dally
mean (6f morning and evening) vapour pressure and relative
humidity. The temperature humidity index (THI) values and
temﬁéraiure humidity sunshine index (THSI) values caleulated
from monthly average envirommental varisbles have been pre-
sented in figure 3, The clihograph of' Mannuthy for the year
1986 is presented in £igure 4.

Figures 5 and 6 present the means of resplratory rates
of indigenous and.cross-bred bullocks just before, immediately
after and one hour after rest, after 4 hours and 5 hours of
continuocus perioas of work. The respective mean values have
been presented in table l. These data were subjected to paired
,'t‘ test and the results of gomparisons are presented in

table 2,

Before the start of work, the cross-=bred bullocks were
found to have slightly higher respiragory rates; the diffe-
rences being signifilcant (P<0.05). The respiratory rate
showed a significant (P<0,05) rise Ilmmediately after work in
both indigenous and cross-bred bullocks while working for
4 hours and 5 hours continuouély. © Afeer 1 hour oflrest. the

resplratory rate showed a significant (P<0,05) decrease from
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Table 1.

Mean respiratory rate of indi
and 5 hours of work

genous and cross-bred bullocks during 4 hours

4 hours 5 hours
Before: After 1 hour Before After 1 hour
work work after work work work after work
Indigenous 22.5185 87.6852 . 48,0741 22.1250 90.8333 48,5416
+0.1819 +0.5625 +0.4527 +1.0009 10.8141 +0.+5408
Cross=bred 2447037 97.4444 57.2037 25.0417 102.4375 56,1875
’ +0.2299 +0.2976 T 30,9894 40.1532 . #0.4705 40,5548

Ot



Table 2.

Comparison of respiratory rate

indigenous and cross-bred bullocks

31

(T values) between

Before work

After work

1 hour
after work

Indigenous x

cross=hred 12.61*% 18,95
4 hours

Indigenous x . ..
crosg=-bred |20.82* 14,11*

5 hours

11,36*

16,77

Comparison of respiratory rate (T values) just befora work,
immediately after work and after 1 hour of rest after work

Before work x-
after work

-
y

Before work x
1 hour after

After work x
1 hour after

worls vork
Indi- Creosg= Indi Cross=- Indie Cross-
genous bred genous bred genous bred
4 hours  106,27* 172.59*% - 52,45%  30,62% 53,93% 41,81%*
5 hours B3,97* 170,.32*% 49,29* 52,44% 63.49% 89, 78*%

Comparison of resplratory rate (T values) of indigenous and
cross-bred bullocks between 4 hour and 5 hour work schedules

- -t - -

1 hour

Before wo
e tk after work

After work

Indigenocus 1.83 3424% 0.67

Cross-=bred 1,18 9,18% 0.87

* Significant at 5 % level
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the elevated rate in both the groups of animals. Also, therxe
wag signi‘ficant (P<0.05) aifference between the respiratory
rates of animals bafore the start of work and after 1 hour of

regt after work.

It was also.noticed that on termination of work and also
after one hour's rest, the respiratory rates in the cross-bred
bullocks were significantly (P<£0.05) higher than in indigenous

bullocks in both 4 hour and 5 hour work regimes.

Comparing'é hour and 5 hour working regimes to see whether
length of work had any effect, showed that in both the genetic
groups longer period of work resulted iIn significantly (P <0.05)
highe;'rates of respiration. However, after one hour of rest

this difference could not be observed,

Figures 7 &nd 8 present the means of pulse rate of indi-
genous and cross-bred bullocks before the start of work, lmme-
diately after work and after 1 hour of rest after work for
4 hours and 5 hours continuously. The mean values are pre-
sented in table 3 and the results of‘analyseé by paired ‘*t!

test are presented in table 4,

It was found that there was a significant (P 0.05)
difference in the pulse rate of indigenous and cross-bred
bullocks before the start of work, In both the groups, .the
pulse rate increased significantly (Pa;o.ds) immediately after
working for 4 hours and 5 hours. The increase was more PLo-

nounced in’cross-bred bullocks when compared to indigenous
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Table 3. Mean pulse rate of indigenous and cross=bred bullocks during 4 hours’ anc'l
5 hours of work
4 hours 5 hours
Before After 1 hour Before After 1 hour
work work after work work work after work

Indigenous 51.6852 77.6666 61,4259 5142500 79.1111 62,1280
+0.3182 +0.7794 40,9045 4043831 +1.4171 40,7501
Cross-bred 54.8148 87,1458 69.0000 54,6666 90.2778 69,2500
' +0,375%7 +0.5569 +9615 +0,3152 +1.1637 40,7408

£E



Table 4.
and cross-bred bullocks
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Comparison of pulse rate (T values) between indigenous

Before work

After work

Indigenous x

gross-bred 11.25* 8.90*
4 hours

Indigenous x

crossw=hred 12,12* 13.04*

5 hours

1 hour
after work

11.81*

13,89*

Wt vt Ll -

Comparison of pulse rate (T ﬁalﬁes) just before work immediately

after work and after.l hour of rest after work

Before work x
after work

, Before work % -
1 hour after

After work x
1 hour after

. work . work
Indi- Crocg=- Tndi- Cross- Indile~ Cross-
genous bred - genous bred genous bred
4 hours  21.,34*%  20,45% 10.79%  13.17%  13,40*% 13,92+
5 hours  34.82* 52,82k 14.74*%  20.43%  16.09% 16,37*

L . ¢

Comparison of pulse rate (T values) of indigenous .and cross-
bred bullocks between 4 hour and 5 hour work schedules

1l hour
Befors work After work after work
Indigenous 0,88 1.02 0.07
Cross=bred. 0.29 2.33% 0.20

-—— - L] ——

* significant at 5% level

i
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bullocks. The pulse rate in both groups of animals did not
come down to the values before work even after 1 hour of rest,

but the decrease was significant.

In indigenous bullocks, pulse rate at the end of 5 hours
of continuous work did not vary significantly (P <£0.05) f£rom
4 hour work. But in the case of cross-bred bullocks, a longer
duration (5 hour period) of work résulted in signifidantly
(P<0.05) higher pulse rate. After 1 hour of rest after work,
significant (P4 0.05) difference was not observed in the pulse
rate between 4 hours and 5 hours work regimes in indigenous

and cross-bred bhullocks. | .,

Figures 9 and 10 present the mean rectal temperature of
indigencus and cross-bred bullocks before work, just after work
and after 1 hour rest after work in 4 hour and 5 hour continuous
working regimes. Thg resPectivg mean valges are p?esentedqin
table 5 and the results of statistical analyses are presented

in table 6. .

It has been found that there was a significant (P £0.05)
difference in the rectal temperature before the start of work
between indigenous and cross-bred bullocks. The temperature
Increased significantly (P < 0.05) in both the genetie groups
due to work. After 1 hour of rest, ‘the rectal temperature
decreased sigﬁificantly {(P<0.05) in both the groups. However,
the duraticon of rest was not sufficient to bring. back the rectal

temperature to the values before the start of work as the values
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Table 5. Mean rectal temperature of indigenous and cross-bred bullocks during 4 hours
and 5 hours of work
4 hours 5 hours
Before After 1 hour Before After 1 hour
work work after work work work after work

Indigenous *38.4167 * 39,5944 *38.8932 * 38,4461 '39,.7275 '38.,9271
+0,.0097 40,0241 +0.0241 i0.0116 +0.0262 +1.0155
Cross=bred ' 38.68802 ' 39,8574 39,1204 ‘ 38,7000 40,0062 39,2064
10.l0183 +0.0123 +0.01892 +0.0125 40,0276 +0.1765

9€
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Table 6. Comparison of rectal temperature (T values) between
indigenous and cross~bred bullccks

: 1 hour
Before work After work afiter work
Indigenous x ’ ' '
crogg=hred 11.79* 14.28* 12,95*
4 hoursg C
Indigenous x ' ’ ' _
crosa=bred 15,17* - 10.65% 13,54*

5 hours

Comparison of rectal temperatﬁre (T values) just before work,
immediately after work and after 1 hour of rest after work

Before work = Before work ¢ After work x

after work . 1 hour after 1 hour after
work work
Indi- Crosse- Indi- Cross=- Indi- Crossce
genous bred genous bred genous  hred
4 hours 4734 2.22% C 37.50* 1,74 31,78*% 31.15%
5 hours  40.,99%  43,55% 24,53% 19,65*% 31.66* 30.09%

Comparison of rectal temperature (T values) of indigenous and
cross-bred bullocks between 4 hour and 5 hour work schedules

. 1 hour
Before work After work after work

Indigenous 1.97 ' ' 3.75% 1,52
Cross-bred 0.79 4072* 3.28*

* Significant at 5% level
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sh&éeé significant (P<0,03) differengaes, The:,-oniy exgepiion
wag in the case of croasebred bullocks working for a duration
of 4 houre vhere the roctal temporature before work and after
the rast pericd were sim:l.laz:'. ‘i‘hc_a redtal temperaturae after

1 hour of regt did not show significant (P <0.03) variaticn
from that bofore work I-S.n crogs«breds wr;;le workim:_c'; for -4 hour's
contdnuously. ‘

At the ond of work, the rectal temparabura. showed a
siomificant (P <0:08) variation between 4 hour and 5 hour work
schedule in both indigenous and cmss»ﬁrea bullocks. After
1 hour of rest after work, the rectal temperaturc of indigsnous
bullocks did not digfer significantly between 4 hour and 5 hour
work schedules but a significant (949.05) diffoxencs waé
notlced in cross-bred hullocks dug to the auraﬁon of contie

nucus work, -

E‘;gu:ﬁs. 11 and 12 present ths moan ‘haamoglobin con;;em;.
of blood of indigenous and crossebred bullecks before the start
of work, immediately after work and after 1 hour of gaest gftei:
work in ¢ hour and 5 hour continuous working 'reginies reséee-
tively. The xespective mean values:dre presented in table 7
and the results of statistical analyses a::e presented in
table 8, | |

The haemoolobin per cent in blood zhowed a significant
(P <0.05) decrease in both the gonstic groups due to work.
After 1 hour of rest after work, it slightly increased in both



12.2

11.8

o [
Y— [
. .

o o+,

Haemoglobin g %
S
=2

10.2

12.2

11.8

.4

o
[
L]

o

Haemoglobin g %
S
[~a]

10.2

Indigenous

Cross-bred

\

N

i

Before work

Indigenous

.

Cross-bred

Z After work

A

1 Hour after work



Table 7. Haemoglobin per cent in blood of indigenous and cross-bred bullocks during
4 hours and 5 hours of work

4 hours 5 hours
Before After 1 hour Before After 1 hour
work wvork after work work work after work
Indigenous 12,1583 11.0000 11.0417 12,3750 10.6500 10.6750
30.1495 +0.0904 +H.0925 +.0698 +0.0%00 +0.1023
Cross-bred i1.7583 10.2833 10.3208 12.12580 10,3083 10.3833
40,1389 10.1218 +0.0479 +0.0275

+0.1170

+0.0701

6t
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. Table B. Comparison of haemoglobin per cent (T values) between
h indigenous and cross-bred bullogks .

. 1 hour
Befo;e work After work after work
Indigenous x E : .
cross=bred a 1.96 4,72% 4.83*
4 hours Co '
Indigenous x ] ‘
crogs-bred 2,95* 2,99% 2.30%
5 hours |

- - y - -y - o

Comparison 'of haemoglobin per-cent (T values) just beque work,
immediately after work and after 1 hour of rest afiter work

Before work x Before work x After work x
after worlk 1 hour after .1 hour after
- work work
Indl- Cross= Indie Cross— ;ndi-« Crosg=
genous brad genous bred genous  bred
4 hours 6,63* 7.98% 6,35% T.91* 0.32 0.22
5 hours 15,14%  21.39% -14,53*% - 20476* 0,49 0,24

_ Comparison of haemoglobin ﬁer cent (T values) of indigenocus
and cross~bred bullocks between 4 hour and 5 hour work schedules

o ) : 1 hour
Before work After work after work
Indigenous . 1.31 2474% 3.38*

Cross~brad 2,49% 0.18 C.27

* Significant at 5% level



the groups and the rise was significant between the two groups
of animals. This was also significantly (P<0.05) different
from the value before the start of work in both indigenocus and
cross-bred bullocks in both work schedules. But the values
at the end of work and after 1 hour of rest did not differ
significantly (P <0.05) either in indigenous or in cross=bred

bullocks during both work schedules.

At the end of work, in indigenous bullocks, the haemoglobin
ﬁer cent showed a significant (P < 0.05) difference between
4 hour and 5 hour work schedules. There was no slgnificant
variation between time schedules in the case of.cross-brggs.
After 1 hour of rest also a significant (P <0.05) variation
existed between 4 hour and 5 hour work schedule in the case of
indigenous bullocks, but in the case of cross-bred bullocks the
difference between 4 hour and 5 hour work regimes was non-

significant (P< 0.05).

Figures 13 and 14 present the mean Erythrocyte Sedimenta-
tion Rate (ESR) of indigenous and cross~bred bullocks before
the start of work, imﬁediately after work and after 1 hour of
rest after the end of work in 4 hour and 5 hour continuocus
working schedule. The respective mean values. are presented
in table 9 and the results of statistical analyses are.presented

in table 10, . _

A

The ESR in indigenous and cross—bred cattle were signifi-

cantly (P <0.05) different before the start of work. At the
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Table 9. Mean erythrocyte sedimentation rate of in&igenoﬁs and cross-bred bullocks
during 4 hours and 5 hours of work

4 hours 5 hours
Before After 1 hour Before After 1 hour
work work after work work work after work
Indigenous 0.5042 14,6000 0.2666 0.4625 1.6833 1.3833
+0.0179 +H.0362 40.0419 +0.0089 +0.0188 +0.0345
Crogg=bred 6.5833 2.,512% 240330 0.5675 2.5874 2.1208
40,0198 +0.0380 +0.0541 +.0127 +0.0175 +0.0406
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Table 10. Comparison of erythrocyte sedimentation rate (T values)
between indigenous and cross=bred bullocks

-— A 20 il S sy ey S R B Sk B P S S S S U S S -

Before work After work afte?oggrk
Indigenous x
Qeross=bred . 2497* 17.22* 15.58*
4 hours : . S
Indigenous x

crosg=bred , 6.T74% 35.16%* 13.86*
5 hours ’ .

Comparison of erythrocyte sedimentation rate (T wvalues) just
before work, ilmmediately after work and after 1 hour of rest
after work '

Before wark x Before work x After work x
after work . .1 hour after 1 hour after
work work
Indi- Cross—. Indi— Cross= Indi- Crosg=
genous  bred genous bred genoug  bred
4 hours 26,70% 45,03* 10.156* 25.16%* 11,34* 7436%
5 hours 58,60% 93.02* 25,87* 36,53% 7.64% 10,.,56*

Comparison of erythrocyte sedimentation rate (T values) of
indigencus and cross-bred bullocks between 4 hour and § hour
work schedules :

Before work After work 1 hour
after work

— ———

- Indigenous 2,08* 1.67 7. 64%
Cross-=bred 0.67 ‘1,79 1,10

* Significant at 5% level
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end of work, the ESR increased significantly (P.<£0.05) iﬁ
‘both the genetlic groups of animals. Aafter 1 hour of rest
after work, there was a decrease in the ESR ‘from the elevated
value. The ESR values after 1 hour of rest were also signifi-

cantly (P<£0.,05) different between the two groups of animals.

In the case of -indligenous bullocks and cross-bred
bullocks, the ESR was not significantly (P <0.05) different
at the end of work due to duration of work. But after 1 hour
of rest after the end of work, the ESR showed significant
(P< 0.05) dlfference between 4 hour and 5 hour work schedule
in indigenous bullocks whereas,:the variation was non-signifi-

cant (P <0.05) with respect to cross-bred bullocks.

Figures 15 and 16 present the packed cell volume {(PCV)
of blood in indigenous and eross-bred bullocks béf;re the‘
start of work, immediately after work and after 1 hour of rest
after work in 4 hours 'and 5 hours continuous work regimes.
The respective mean values are presented in table 11 and the

results off statistical analyses are presented in table 12.

The PCV was significantly (P< 0.05) higher 4in cross-bred
bullocks before the start of work. As a result of work, the
'PCV of both indidenous and cross-bred bullocks showed a signi-
flicant (P <£0.,05) decrease, After 1 hour of rest after worlk,
the differerice was significant (P <0.05) between the two groups
of animals in both working regimes, During rest, the value
slightly increased but did not reach the value before the start

of work even after 1 hour of rest.
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Table 11.

Mean packed cell volume of indigenous and eross-bred bullocks during
4 hours and 5 hours of work

4 hours 5 hours
Before After 1 hour Befora After 1 hour
work work after work work work after work
Indigenous 32,1000 29,7000 30.2000 31.5500 28.8500 29,3500
39.2?69 30.2494 +0.1699 +0.3760 40.2587 ip.2478
Cross-bred 35.4500 32,0000 32.1%00& 32,1500 30,9500 31.6000
#0.2833 4+0.3162 +0.2892 0.5824 +0.3023 +0.339%

s%
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Table 12. Comparison of packed cell volume (T values) between
indigenous and cross-bred bullocks

1 hour
Before work After work after work
Indigenous x . - :
cross=bred 8.46% 5.,71% 5,26%
4 hours .
Indigenous x . : '
cross-bred 2,31* 5,28% 5,35%

5 hours

Compariscn of packed cell volume (T values) Just before work,
immedlately after work and after 1 hour of rest after work

Bafore work x Before work x After work x
after work - 1 ‘hour after 1 hour after
work work
Indi=- Crogse= Indie= Cross= Indi- Cross-
genous bred genous bred genous  bred
4 hours 6.44%  B.i3¥ 5.85%  B8,15% 1.66  0.35
5 hours 5.92% 3.35% 3.28% 2e29% 1.39 1.43

- - T W S S el i mak a

Comparison of packed cell volume (T values) of indlgenous and
cross-bred bullocks between 4 hour and 5 hour work schedules

Before work After work 1 hour
after work

Indigenous “1.18 2,37* 2.83*
Cross=bred 3.55* 2.40% 1.23

* Significant: at 5% level
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‘Tt has been found that there was a significant (P< 0.05)
varlation in the PCV at the end of work between 4 hour and
5 hour work schedule in both indigenous and cross=bred bullocks.
But, the variation ln PCV between 4 hour and 5 hour work sche-
dule was significant (P<0.05) in ind%genOus bullockg after
1 hour of rest, whereas, in ;he case of cross-=bred builocks.

there was no significant (P<0.05) difference.

Figures 17 and 18 present the lactic acid content of
blood in indigenous and cross-bred bullocks before the start
of work, immediately after work and after 1 hour of rest after
work in 4 hour and 5 hour working regimes:. The respective mean
values are presented Iin table 13 and the results of analyses

are presented in table 14,

The lactic acid content of blood in cross-breds was
significantly (P< 0,05) higher before the start of work. It
has been found that it increased significantly (P« 0.03) in

both the genetic groups of animals due to work,

The lactic acid content of blood in cross-breds was signi-
ficantly (P<0,05) higher than indigenous bullocks immediately
afte; work for 4 hours, But in the case of 5 hour working
regime, there was no significant (P<0.05) variation between
them, After 1 hour of rest after work, a significant (P<0.05)
variation was found in the blood lactic acid content “between
indigenous and cross-bred bullocks in 4 hour work schedule,
whereas In 5 hour work schedule the differences in this reg-

pect were not significant (P<0,05).
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Mean blood lactic acid content of blood of indigenous and cross—bred bullocks

Table 13,
during 4 hours and 5 hours of work
4 hours 5 hours
Before After 1 hour- Before After 1 hour
wor'k work after work work worlk after work
Indigenous 27.7040 39,3710 30.9330 27 . 8080 40.3080 38.6390
+0,1297 +0.2091 +0,3133 19,1150 40.1931 +0.,4974
Crozs~bred 29:8380 40,7240 33.7460 30,5170 40.7260 39;0580
ip.B;@& +0,.1866 +1,1938 +0.4547 +0.5298

40.2152

BY



49

Table 14. Comparison of blood lactic acid (T values) between
indigenous and cross-bred bullocks

1 hour
Before work After work after work
Indigenous x )
cross=bred’ 6,32% . L,83% 2.28%
4 hours
Indigenous x -
cros s-'"bred'l 5 . 78% 1. 45 Q.58

5 hoursa

Comparison of blood lactlc acid (T values) just before work,
immediately after work and after 1 hour of rest after work

Before work x Before work x Aftey work x
after work 1 hour after 1 hour after
work work
Indi- Crossw indi=- Cross= Indi- Crosse
genous bred genous bred genous  bred
4 hours 47.41% 29.97* . 9.52% 3.17* 22.39% 5.77*
5 hours 55.62%  20,29%  21,22%  12,23% 3,13*  2,02%

L} Ll

Comparison of blood lactic acid (T values) of indigenous and
cross—bred bullocks between 4 hour and 5 hour work schedules

. - 1 hour
Before wvork After work after work

Indigenous . 0.59 ' 3.20% 13.11*
Cross-bred - 1.23 0.01 4,06%

* Significant at 5% level
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The lactic acid content of indigenous bullocksz showed a
significant (P <0.05) difference between 4 hour and 5 hour
work scheduls, immediately after work and 1 hour after work,
But, in the case of cross-bred bullocks, the lactic acid con-
tent immediately after work did not show any significant
(P <0.:05) difference bstween 4 hour and 5 hour working sche-
dules; The value after 1 hour of rest after work was found to
be significantly (P<0.05) different between 4 hour aﬁd 5 hour

working regimes.

Figures 19 and 20 present the bicarbonate content of blood
plasma of indlgenous and cross-bred bullocks before the start
of work; immediately after work and 1 hour after rest after
work in 4 hours and 5 houis working regimes., The respective
mean values are presented in table 15 and the results of statis-

tical analyses are presented in table 16.

There was no significant (P < 0.05) difference in the
plasma bicarbonate content between indigenous and cross~bred
bullocks before the start of work. It has been found that the
plasma bicarbonate content decreased in both the genetic groups -
of animals as a result of work. The decrease was signlficant
(P<£0.05) in both indigenous as well as crogs-bred bullodks

during 4 hour and 5 hour work schedule immediately after work.

The plasma bicarbonate values after giving one hour of
raest did not vary significantly from the values at the end 6f

work., Naturally, they were significantly (P<.0.05) lower than
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Table 15.

Mean plasma bicarbonate content of indi
4 hours and 5 hours of work

genocus and cross-bred bullocks during

4 hours 5 hours
Before After | 1 hour Before After 1 hour
work work . after work . work work after work
Indigenous 25.8640 22,5120 * 22,6220 25.8720 21,9520 22.0640
: +0.2656 +0.2613 +0.2231 +0.2613 +0.1829 +0.1711
Cross-bred 26,5440 22,2880 22.6200 27.7760 21.7280 21.7280
30.3360 +0,4853 +0,4663 +0.2239 +0.4480 4+0.4480

q

TS

%9909l
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" Table 16. Comparison of plasma bicarbonate content (T values)

between indigenous and cross—bred bullocks

' 1 hour
Bafore work After work after work
Indigenous x
cross bred 1.59 0.41 0.004
. 4 hours : . -
Indigenous %

cross-bred 5.53% 0.46 0.701
5 hours ' L

Comparison of plasma bicarbonate content (T values) just before
work, immediately after work and after 1 hour of rest after work

Before work x Before work % After work x

after work 1 hour after 1 hour after
work work
Indi- Crosse Indi~ Crosse Indi= Crosse
genous  bred genous  bred genous  bred
4 hours B,99% 7.21% 9,35% 6,82% 0.32 0.51
5 hours  ,12,29% 12,08% 12,i9% 12,08% 0.45  0.00

» [ ¥ . .

Comparison of plasma bicarbonate content (T values) of indigenous
and cross-bred bullocks between r hour and S hour work schedules

' : : , 1 hour
Before worlk After @ork after work
Indigenous 0.02 1.76 1,98

Cross=bred 3,05% . 0.85 1.38

-

* Silgnificant at 5% level
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the values at the start of work. The plasma blcarbonate of
- .indigenous and cross~bred bullocks did not show significant

(P <0.05) variation due to 4 hour and 5 hour work schedule.

Flgure 21 presents the total area ploughed by indigenous
and cross-bred bullocks in 1 hour. The respective mean values
and the results of statlstical analyses are presented in

table 1%.

The area ploughed by indigenous bullocks in 1 hour was
significantly (P <0.05) more when compared to that ploughed
by cross-bred bullocks, On an average, in 1 hour, the indi-
genous bullocks ploughed 426.24 sg.m. whereas the area ploughed

by cross-bred bullocks was only 364,94 sg.me .

Figure 22 presents the  average gpeed of walking of indi-
genous and cross=bred bulleocks. The respective mean values and
the results of statistical analyses of the data are presented

in table 18,

The speed of walking of indigenous bullocks has been
found to be greater than that of cross-bred bullocks, The
average walking speed of indigenous bullocks was 1.24 m/sec

whereas that of cross-bred bullock was 1.05 m/sec.

The total daily dry-matter intake of indigenous and
cross-bred bullecks on days of work and on days on which no
work was done along with results of analyses are présented in

table 19,

Figure 23 presents the total dry matter intake per metabolice



W

\\\ 7

Indigenous @ Cross-bred



54

Table '17, Comparison of the total area ploughed by indlgenous
and cross-bred bullocks in 1 hour (sq.m.)

Indigenous Cross~bred T value
Area ploughed 429,24 364,94 3.54~*
: 413,62 +12.74

* Significant at 5% level

Table 18. Comparison of speed of walking of indigenous and
cross-bred bullocks (m/sec)

Indigenous Cross=bred T value
Walking speed 1.2440.005 1,0540,003 35,.65%

* Slgnificant at 5% level



55

Table 19, Comparlison of dally total dry matter intake of
indigenous and cross-bred bullocks on days of work
and on days on which ne work was done (kg DM/day)

Indigenous Cross=bred T value
Days of work 9,3766 10,3191 13.1240%*
40,6702 40,0315
Days of no work 9.4290 10.3786 15,1827*
40.0568 40.0262

T value 0.6009 0.4514

* Slanificant at 5% level
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body size of indiligenous and cross=bred bullocks.on days of
work and on days on which no work was dona. The raspective
mean values and statlstical analyses of the data are presented

in table 20.

The dry matter intake per metabolic body size of indi-
genous bpllocks on days on which work was done was comparatively
less £han that on days on which no work was done, but the diffe-
rence was not found to be significant (p&:dlos). In the case

of c¢ross-bred bullocks also, the same trend was observed.

On comparison between indigenous and crossabred bullocks
on days on which work was done, indigenous bullocks were found
to consume significaﬁtly (P £0.05) more dry matter per meta=-
bolic body size. The same trend was observed betﬁeen indigenous
and cross-bred bullocks on dayé on which no work was done. Tt
was found-that both indigenous and cross-bred bullocks mains
tained body Wweight. '

Figure 24 presents the water intake per dry matter intake
per metabolic bédy size of indigenous and cross-bred bullocks
on days of work and on days on which no work was done. The res-
pective mean values and statistical analyses are presented in

table 21 N

In both indigenous and cross-bred bullocks, water intake
expressed as per cent of dry matter intake per metabolic body
size on days on which work was done was slightly more than that
on days on which no work was done, the difference being non-

significant (P<L 0.05) .
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Table 20. Comparison of dally dry matter intake per metabolic
body slze of ilndigenous and cross=bred bullocks on
days of work and on days on which no work was done

(g DM/kg body wt 0.75)

4

oy

Indigenous Cross=bred T value
Days of work 115.0276 ' 93,5649 31.3049*%
| +0.5215 40,4452
Days of no work 116,1831 . 94,0186 30,.,8937*
40,5821 40,4194
T value 1.,1479 0.,7416

- o gy

* significant at 5% level

Table 21. Comparlson of dally water intake per dry matter per
metabolic body silze of indigenous and cross-bred
bullocks on days of work and on days on which no
work was done (1/DM/body wt 0.75)

Indigenous Cross=bred T value
Days of work 155,5981 222,8212 30.,7891%*
: +1.2512 41,7995 :
Days of no work 152,9648 . 221,3536 33.8064*
+1,2049 +1.6336
T value 1.5160 0.6038

* Signiflcant at 5% level
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It was also found that on days of work, the cross-breds

' cons;@ed significantly (P<0.05) more water per dry matter per
metaﬁolic body size. On rest days also, the cross=breds were
found to consume more water, but the differences were not

significant at 5% level.
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DISCUSSION
5.1. Respiratory rate

In the prasent study, it was found that the respiratory
rate of cross-bred bullocks was significantly (P<0.05) higher
when compared to that of indigenous bullocks. This may be due
to the fact that the thermoregulatory processes of cross-breds
are set on a higher level. The respiratory rate showed a
significant (P<0.05) increase immediately after work in both
indiéenous and cross-bred bullocks subjected to ploughing on
dry land continuously for 4 hours and 5 hours respectively.

The respiratory rate showed a gradual decline from the alevated
value but did not return to pre-exercise values in both the

genetic groups of animals even after 1 hour of rest after work.

During work, the draught animals were exposed to a per-
sistent hot-humid climate. Inéreased environmental temperature
lovers the scope for sensible heat loss and the animal has to
depend more and more on evaporative channéls for thermolysis.
When humidity is also elevated along with temperature (figure 1)
heat stress increases. Increased respiratory rate may be a
manifestation of the thermal stress and the compensatory effort
_by the animal to facilitate heat loss. The heat generated from
exercise and metabolic heat production are also adding up to
the.st#ess factors, Besides, during heavy exercilse, the tissues
will be in need of more oxygen and nu£rients and to transport

enough oxygen f£rom the lungs to the tissues, more oxygen should
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be dissolved in blood. In order to effect this, the animal
will resort to increasing the rate of respiration. Thus it
can be concluded thét the increase in respiratory rate could
have been brought about pértly due to increased demand of
oxygen by tissues, especial;y the working muscles and partly

due to the hgat stress.

Immediately after work, the respiratory rates were signi-
flcantly (P< 0.05) higher than the pre-exercise values in both
the genetic groupé.of animals in 4 hour as well as 5 hour work
schedules. All the previous investigators observed a similar
increase in respiratory rates due to different types of work
in different classes and breeds of work bovines (Singh et al.,
1968; Singh et al., 19703 Roy et al., 19723 Devadattam and
Maurya, 1978; Rana et al., 1978; Acharya et al., 1979; Nangia
et al., 1980; Gérg“gg al., 1981; Maurya and Devadattam, 1982;
singh et al., 1982; Rao and Upadhyay, 1984; Gattewar, 1985;
Upadhyay and Madan, 1985; Upadhyay and Rao, 1985; Thomas and

Pearson, 1988).

The extent of rise qf respiratory rate when compared to
values before the start of work was sionificantly (P<0.05)
more in the case of cross-bred bullocks than in the case of
indigenous bullocks in 4 hour as well as 5 hour working sche-
dules, Similar observgtions were reported by Acharya et al.
(1979); Gattewar (1983) and Upaahyay and Madan (1985). Cross-
bred cattle are known to depend more on elevated respilratory

rates for thermolyses than pure zebu (Thomas and Razdan, 1973).
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The respiratory rates did not return to pre-exercise
values even after 1 hour of rest after the end of work, but
there was a gradual decline in the rate of respiration during
the rest period., The values after 1 hour of rest were signi-
ficantly (P 40.05) different from the pre-exercise values and
the values immediately after work for both 4 hour and 5 hour
working schedules. This finding is similar to the observation
made by Maurya ané Devadattém (1982) in which a rest pause of
1/2-3/4 hour was not sufficient to bring the increased respi-
ratory rates to come down to original values., But Singh et al.
(1970} obéerved that in Harlana and Sahiwal bullocks subjected
to ploughing, the respiratory rates came to normal within half-

an~houx after work.

In the present stuay. after 1 hour of rest éfter work,
the fespirato;y rate decreased from 87.39/minute to 48.07 per
minute in 4-hour and 90483 per minute to 48,54 per minute in
5 hour working schedule in the case of indigenous bullocks and
from 97.44 pef minute to 57.20 per minute and 102.44 per minute
to 57.19 per minute in 4 hour and 5 hour work schedule respec-~
tively in cross-bred bullocks. Between 4 hour and 5 hour work
schedule also there were significant (P < 0.05) differences in
the case of indigenous and cross-bred bullocks immediately after
work and after 1 hour of rest after work. In general, the .
respiratory rates were significantly (P<0.05) higher when the
duration of work was normal. This is understandable because

longer duration of work is likely to increase the demands on -
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garecus exchange and thermolysis. Maurya and Devadattam (1982)

also reported a higher respiratory rate in Jer”jgx Red Sindhi

r
-

cross-bred bullocks when the duration of work wﬁ% more,

5¢2. Pulse rate

‘It has been found that the pulse rate of c¢ross-bred
bullocks was elgnificantly (P<0.05) higher than that of indi-
genous bullocks before the start of work. This may be indi-
catlive of the general weskness of the cross-=breds vis-a-vis
indigenous bullocks with respect to adaptability to hot con-
ditions.

The pulse rate showed a significant (P<0.05) increase
immediately after work in both indigenous and cross-bred bullocks
subjected to ploughing on dry land continuously for 4 hours and
5 hours respectively. The pulse rate gradually declined from -
the elevated value but did not return to pre-exercise values
in both the genetic groups of animals even after 1 hour of rest

after work.

puring work draught anlmals were subjected to great thermal
stress from the environment and from thelr system. Apart from
the effects of the hot-humid climate, thHe heat generated from

exercise and metabolic heat production add up.

Reqular heavy exercise leads to hypertrophy of the cardiac
musqles and also enlargeman@ of the ventricular chambers result-
ing in increased pumping by the heart (Guyton, 1981). During

heavy exercise, the tissues will be in need of more oxygen and
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nutrients. In order to transport enouch oxygen £rom the lungs
+o the tilssues, cardiac ocutput has to be increaseé with enhanced
oxygen carriage of blood. The increase in cardiac output
results in increased heart rate (pulse rate). The most impor-
tant £actor that incregses the cardiac output is ventillation
that occurs in all exercising muscles as a result of increased
muscle metabolism during exercisé. When large numbers of
muscles are exercising simu%taneously. the periphéral\Vasodila-
tion may be so great and the venous return to the héart so
voluminous that the heart cannot pump this extra amount of
blood. Therefore, it is essential that the level of pumping
by the heart to be greatly increased from its normal level.

Almost all the previous workers irrespective of type of
animal and nature of work have noticed an enhancement of pulse
rate due to exercisé (Sipgh et al., 1968; Siqgh gg al., 1970;
Roy et al., 1972; Devadattam and Maurya, 1978; Rana et zl.,
1978; Acharya et al., 1979; Nangla et al., 19803 Maurya and
Devadattam, 19823 Sinoh et al., 19823 Rao and Upadhyay, 19823
Gattewar, 19833 Upadhyay and Madan, 1985; Upadhyay and Rao,

1985 and Thomas and Pearson, 1986).

The increase in pulse rate when compared to pre-exercise
values was significantly (P< 0.05) higher in'the case of cross-
bred bullocks than in the case of indigenous bullocks in 4 hour
as well as 5 hour working schedules. Simllar observations were
reported by Acharya et al. (1979); Gattewar (19855 and Upadhyay
and Madan (1985), |
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The pulse rate did not return to pre-exercise values
‘even after 1 hour of rest after the end of work, but there
was a gradual fall in the pulse rate during the rest period.
The values after 1 hour of rest after work was significantly
(P<0,08) different from the pre-exercise values and the values
immediately after work in both 4 hour and 5 hour working sche-
dule, Simllar observations were made by Maurya and Devadattam
(1982) in Jersey x Red Sindhl cross-bred bullocks while carting
in which a rest pause of 1/2-3/4 hour was not sufficient to
bring the increased pulse rate to pre-exerclse values., Simi-
larly Singh et al. (1970) observed that in Hariana and Sahlwal
bullocks subjected to ploughing, the pulse rate did not record
a fall within the £irst half hour but later showed a gradual
fall.

In the present study, after 1 hour of raest after work,
the pulse rate decreased from 77.67 i 0.78 to 61.43 + 0.90 per
nminute in 4 hour and 79.11 + 1.42 to 62.13 + 0.75 per minute
in 5 hour working schedule in the case of indigenous bullocks
and from 87.15 + 0.56 to 69 + 0.96 per minute in 4 hour and
from 90,28 # 1.16 to 69.25 + 0.74 per minute in 5 hour work
schedule respectively in cross-bred bullocks. Between 4 hour
and 5 hour work schedule, there were no significant (P <0.05)
differences in the pulse rates in indigenous bullocks, but the
differences were significant (P<0.05) in the case of cross-bred
bullocks. After one hour of rest after work, there were no

significant (P<0.05) differences in the pulse rates in
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indigenous as well as cross-bred bullocks. Maurya and
Devadattam (1982) also reported a higher pulse rate in Jersey X
Red Sindhl cross-bred bullocks when the duratlon of work was.
more.
5.3. Rectal temperature

It was found that the rectal temperature in the case of
erosé;bred bullocks was significantly (P<0.05) higher than
that of indigenous bullocks before the start of work. This
indicates that the cross=breds could achieve thermal equilibriuﬁ

at a higher body temperature only.

The rectal témperature showed a significant (P<0.05)
iﬁcraase Immediately after work in both indigenous and cross-bred
bull?cks subjected to ploughing on dry land continuously for
4 hours and 5 hours respectively. The rectal temperature gra=-
dually declined from the elevated value but did not return to
pre=exercise values in both.the éenetic‘groups of animals even

after 1 hour of rest afﬂer work.

During_work t@e bullocks are exposed to strong sunshine
while w?rking and the hgat gaiéed from solar radiation coupled
with metabolic heat and the heat produced by exercise add upto
a very heavy heat load on the animal. Also, a considerable
portion of the total energy liberated during muscle contréction

1s converted into heat.

In the present study, immedlately after work, the rectal

@emperature was significantly (P <0.05) higher than the
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pre-exercise value Iin both the genetic grbups of animals in

4 hour as well as 5 hour work schedules. This observation is
similar to the observations made by Singh gg-gif {1968),

Singh gﬁpg&, {1970), Roy et al. (1972), Devadattam and Maurya
(1973),'Ran§ et al."(1978), Acharya ggfglf {1979)§ Nangia et al.
(1980), Garg et al. (198%), Maurya and Devadattam (1982), Singh
et al. (1982), Gattewar (1983), Upadhyay and Madan (1985),
Upadh&ay and Rao (1985) and‘Thoméé and Pearson (1986) in diffe-
rent types of work bullocks subjected to various kinés and

-

intensities qf work.

Rectal temperature immediately after work was signifi-
cantly (P<0.05) higher in cross-bred bullocks coﬁpareé o
Zebu bullocks in both the time schedules of work. Similar
observations were reported by Acharya et al. (1979) during
ploughing and carting, Gattewar t1983) while harrowing and

Upadhyay and Madan (1985) during carting operations.

The rectal temperature did not return to pre-exercise
values even after 1 hour of rest after work, but there was a
gradual f£all during the period of rest., The rectal temperature
1 hour after rest after work was significantly different from
the values before the start of work and immediately after work
in both working schedules except in the case of cross-bred
bullocks in 4 hours of work regime where there was no signifi-
cant (Pzio.qs) variation ip the rectal temperature 1 hour after
rest. after work and the pre-exerdise"value.’ This may be, because

the pre-exercise values wére already at a higher level in the
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cross-breds and during one hour's rest after a 4 hour exercise
period, thé animals could bring down the rectal temperature to

this level,

Maurya- and De&adattam (1982) reported that in Jersey x
Red Sindhi cross-bred bullocks during carting, a rest period
of 1/2=3/4 hﬁur was not sufficient to bring down the elevated
rectal temperature to the pre-exercise value. This dis in
similarity with the observations in the present lInvestigation,
Singh et al. (1970) observed that in Hariana and Sahiwal
bullocks subjected to ploughing, the rectal temperature did not
record a fall. within the first half hour but later showed a
gradual f£all. In the present study also, a graduzl decline
was noticed in the rectal temperature from the elevated value

" during the rest period.

5.4, Haemoglobin

In the present study, it was found that the haemoglobin
pexr cent of blood was higher in indigenous bullocks when com-
pared to that of cross-breds before the start of work, There
was a sign;ficant (P£ 0.05) decrease immediately after work
in both indigenous and cross-bred bullocks subjected to plough-
ing oﬁ dry land continuously for 4 hours. and 5 hours respec-
tively. After 1 hour of rest after work, the haemoglobin per
cent showed a gradual increase in both the genetic groups of
animals, but did not reach the pre-exercise values,

The decrease in haemoglobin per cent of blood can be
partly due to haemodilution,
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Thomas and Razdan (1973) reported expansion of plasma

" volume and haemodilution due to exerclse. Also, there is a
Eertain degree of red blood cell destruction during exercise
which is indlicated by a high icteric index (Rana et al., 1977;
Nangia et al., 1978). This may also lead to a reduction in
the haemoglobin per cent as a result of exercise.

Similar reduction in haemoglobin per cent was reported by
previous investigators in different classes of work bovines
(Georgie gt al., 1970; Rana gt al., 1977; Singh gt al., 1980
and Singh et al., 1982). Gattewar (1983) on the other hand
obgerved that engcise caused an increase in the haemoglobin
per cent of blood in cross-bred bullocks whereas it decreased

in Hariana bullocks.

The haemoglobin per cent of blood did not return to pre-
exercise values even after 1 hour of rest after Qork, but
there was a gradual rise during the rest period. The value
after 1 hour of rest was significantly (P<0,05) higher in
Indigenous bullocks than cross-bred bullocks in both 4 hour
and 5 hour of work regimes, The haemoglobin pex cent after
1 hour of rest was not significantly (P<0.05) different £rom
the value immediately after work in both the genetic groups of
animals in both work schedules. This indicate that a rest
pause of 1 hour was not sufficient to bring back the haemoglobin
leve) to the pre-exercise values in both indigenous and cross—

brad bullocks,

Between 4 hour and 5 hour work schedulés, there was
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significant (P<0.03) daifference in the haémoglobin level
.immediately after work in indigenous bullocks. but the diffe-
rence was non-significant (P<0.05) in the case of crogs-bred
bullocks. A higher haemoglobin per cent in the indigenous.
bullocks and a significantly higher value in them after 4 hours
of work in comparison t¢ 5 hours of work are probably Indicative
of thelr greater adaptability. A higher haemoglobin level is
indlcative of greater 6xygen carrying and carbondloxide removing
capacity of blood. Afﬁer 4 hours worﬁ, they were only mildly
stressed. and after 5 hours work, the haemoglobiﬁ level further
decreased. The cross-breds on the otﬁer hand were under some
degree of heat stress even before work as indicated by the lower
values of haemoglobin. The fact that there was no difference
between the values of haemoglobln lmmediately after 4 hour or

5 hour work, may indicaté that even with 4 hours of work, the
haemoglobin level had reached a very low value in them and per-
haps further reduction vwas not possible. The level was found to
be more in 4 hour work schedule when compared to that in 5 hour
work schedule in indigenous bullocks: The same trend was

obacrvad after 1 hour of rest after work also,

5.5« Packed Call Volume

It was found that the packed cell volume (PCV) was signi-
~ ficantly (P<0.05) higher in cross-bred bullocks than indigenous
.bullocks before the start of work. As a result of continuous

ploughing for 4 hours and 5 hours on dry land, the PCV showed
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a significant (P« 0.05) decrease in both the genetic groups
of animals. After 1 hour of zest after work,.there was a
grédual increase in the packed.cell volume, but it did not

return £0 the value before the start of work.

The decrease in packed cell volume may be attributed to
haemodilution and destruction of red blood cells during severe
exercise, Similar reduction’'in the packed cell volume was
observed by Rana et al., 1977; Singh et al., 1980; and Singh
et al., 1982 as & result of different types of work in different
classes of work bovines. On the other hand, an increase in the
PCV was observed by Gattewar (1983) in cross~bred bullocks,
whereas, a decrease in the PCV was observed in Harlana bullocks

by the same investlgator as a result of work.

The PCV did not return to pre-exercise values even after
1 hour of rest after work. The values after 1 hour of rest were
significantly (P <0.05) different from the'pre-exercise values
in both the genetic groups of animals. 'But. the difference was
not significant (P<:0.05)‘from the values lmmediately after work
in both genetic groups in both work schedules. In general, it
can be seen that PCV beghaved iﬁ the same manner as haemoglobin
rer cent. The conclusion drawn on éhe basis of the behaviour

of haemoglobin per cent appears generally valid in the case of
PCV also,

5.6. Erythrocyte sedimentation rate

The erythrocyte sedimentation rate (ESR) was significantly

(P<£0.05) higher in crossebred bullocks than indlgenous bullocks
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before the start of work. This may Indicate that the cross-
breds are under some degree of stress even before the start -

of work. The ESR showed a significant (P<0.05) increase in
both the genetic groups of animals immediately after work.

After 1 hour of rest after work the ESR showed a gradual decline

in both groups, but 4did not reach the pre-exercise valuesﬂ

The:values of ESR increased significantly in animals put
to exercise and followéd the inverse trend as that of PCV since,
the mimber of erythrocytes per unlt volume gf blood has a marked
effect on sedimentation'rate. The speed of settling is inversely
related to the number of red cells (Schalm, 1965), thus, smaller
the volume, the greater the speed of settlinq. The increase in
ESR may be partly due to red blood cell destrﬁction during
exercise. Exercise seems to cause stress in both the genetie

groups and rest seems to résult in slow recovery.

similar increase in the level of ESR was reported by
previous investigators in different classes of working animals

(Rane et 31., 19773 Singh et al., 1980 and Sincgh et al., 1982).

The ESR did not return to pre-exercise values even after
1 hour of rest after work, but there was a gradual decline
during the rest period. The values after 1 hour of rest was
significantly (P<0,05) higher in the cross-bred bullocks in
both 4 hour and 5 hour work schedules. The values after rest
was significantiy'(PAiO.OS) different from those before the
start of work in both work regimes which indicates that a rest

pause of 1 hour was not sufficlent to bring back the values to
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£he pre=exercise values in both indigenous and cross<bred
bullocks,

Batwean 4 hour and 5 hour work schedules, there was no'
significant (P<0.05) variation in the ESR in indigenous &nd
cross~bred bullocks at the end of work. But, after 1 hour of
rest, significant (P<0.05) difference existed in indigendus
bullocks, whéreaa the variation was non—significaﬁé {P <0405)

An cross-bred bullocks,
5:7. Lactic acid’

It has been fouﬁd thaé.‘the lactic acid conéeﬁt of blgod |
was significantly (P<0.05) highér in ;he cross-5¥edthuilocks
than indigénaus bullocks before éhe:start of éork. It showed
" a significant (P<0,05) increase|immediately aftef work in
both indigenous and cross-bred bullocks subjected to ploughing
on dry land continuously £6r 4 hours and 5 houts respectively.
After 1 hour of rest after work, the lactic acid éontent-éhowea
a gradual deecline in both indigeénous and cross-bred bullocks,

but did not keach the pre-exercise values.

During éery intense muscular activity, as isftaking plgce
during work, the circulatory system cannot bring oxygen'ana
glucose to the skeletal muscles fast enough to meet the increased
demand of the muscles for ATP. In this casé, muscle glycogen
is used as a reservé fuel and is fagialy broken down by alyco-
lysls to form lactate, thus generating ATP which is the.énergy
source for the contraction of muscle. Since, insufficient

oxygen is available under these oircumstances, the lactate
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cannot be metabolised further in the muscles and diffuses into
the blood, where its concentration becomes very high during
such intense muscular effort (Lehninger, 1984).

similar increase in the lactic acid content of blood was
reported by previous investigators in differant working animals
(Harmansen and Vaage, 1977; Singh et al,, 1980; Agarwal et al.,
19833 Gattewar, 1983 and Upadhyay et al., 1983) .

Lactic acid contehﬁ did not return to pre-exerciée values
even after 1 hour of rest after work, but there was a gradual
degline duripg the resg pericd, This-observation is in agree~
ment with the observation made by Agarwal et al., 1983; that
the lactle acld content did not return o pre-exe;cise values
even after 3 hours of rest after work, After 1 hour of rest
after work, the lactlc acid content was significantly (P<0.05)

higher in the croszebred animals than indigenous anlmals in ‘
| 4 hour work sohedule, but in the case of 3 hour work schedule,
the variation between indigenous and cross-bred bullocks was

non~-zignificant,

Between 4 hour and 5 hour work schedules, there was signi-
ficant (P<0.05) difference in the lactic acid coritent in indie
genous bullocks. whereas, the differenge was non-significant in
the case of cross~breds immedlately after work.: There was
significant (P<0.05) variation between 4 hour and 5 hour work
schedules in the lactic acid content aftex 1 hour of rest in

both the genetic groups of animals.,
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5.8. Plasma bicarbonate

In the present study, cross-breds were found to have
sionificantly (P« 0.05) higher plasma bicarbonate values. It
showed a significant (P<0.05) decrease immediately after work
in bhoth the genetic groups. After 1 hour of rest after work,

the bicarbonate content showed a gradual lncrease.

Exercise increases the catabolic processes.in the body
resulting in the accumulation of various acids, The decrease
in bicarbonate level may be related to the hyperventillation
of the lungs due to increased respiration rate during exercise.
Exercise increases the metabolism of the body and hence the
requirement of oxygen. In response to this deménd for more
oxygen, the rate and depth of breathipg are &ncreased. wvhich in
turn results in hyperventillation of lungs. Therefore, the body
fluids may sustailn the loss of carbondioxide as a result of
higher ventillation rate during exercise. Since more than 95%
of carbondioxide is contributed by the carbonic acid-bilcarbonate
buffer system, the level of plaéma bicarbonate might have been
reduced as a result of excretion. The level of plasma bicarbo-
nate content is the most satisfactory single indéx to judge the
abllity of the body as a whole té neutralise the acid and pro-
ducts of metabolism (Hawﬁ et al., 1954),

Similar decline in the plasma bicarbonate has been reported
by previous lnvestigators in different classes of draught animals
(Garg et al., 1981; Agarwal et al., 1983; Gattewar, 1983), On

the other hand, Nangla et al.(1980) and Singh et al. (1980)
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found an increaseé in the plasma bicarbonate content as a result

of exercise in work buffaloes.

The plasma bicarbonate content did not return to pre-
exercise values even after 1 hour of rest after work. The
values éfter 1 hour of rest were not significant (P<£0.05)
between indigenous and cross-bred bullocks in both work sche-
dules. The values after 1 hour of rest was not significantly
(P <0.05) different from that immediately after work in both

the genetlc group of animals.

Between 4 hour and. 5 hour work schedules; there was no
significant (P4 0.05) variation in the plasma bicarbonate con-

tent immediately aftel work and 1 hour after rest after work.
5.9. Area covered durlng ploughing

It has been found that the total area ploughed byiindi-
genous bullocks was significantly (P<£0.05) higher than that
of cross-bred bullocks. In 1 hour, the indigenocus bullock
‘pairs ploughed an area of 426:24 sq.m. compared to 364,04 Sq.m.
by cross-bred bullock pairs. Thus a pair of South Indian draught
bullock ploughed 15 per cent moré area compared to cross=bred
bullocks, This is simllar to the observations made by Anand
and Sundaresan (1974) who found that the cross-bred bullocks
ploughed only less area when compared té Hariana bullocks. Rao
(1974) also f£ound that the area ploughed by indigénous bullocks
was more than that coversd by eross—bred bullocks during summer
and winter, with the difierence increasing to 17% during hot:~
humid period. On the other hand, Roy and Co-workers (1972)
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observed that plcughing of wet land from 0860 hours to

1000 hours resulted in the c¢ross-breds ploughing a slightly
greate? area than Hariana bullocks, whereas bn dry land,
equivalent amounts of land were ploughed by both the;groups

of animals, Nagpaul and associlates (1984) were also of the
opinion that cross-breds rerformed as good as Zebu and buffalo

bullocks as evidenced by total area ploughed in 1 hour.
v 5.10. Speed of walking

In the present study, 1t has been observed that the
indigenous bullocks walked at a gréater speed than the cross-
breds. The speed at which the indigenous bullocks walked while
ploughing dry land was 1,24 m/sec whereas the cross-bred -
bullocks walked at a speed of 1.05 m/sec, The normal walking
speed of cattle and buffaloes was estimated to be between 0.6
to 1.2 m/sec depending upon the type of job they are undertaking
(Lawrence, 1985), Each work ox has a rate of movement best
sulted to its gait and an average of 0 88-1.2 n/sec can be
considered as the normal rate (Willamson and Payne, 1975).
whereas the maxdmum speed that can be attalned by buffaloes

is on an average of 0.88 m/sec.
5.11. FPeed Iintake

In the present study, it was observed that the dry matter
intake per metabolic 5ody size of indigenous and cross-bred
bullocks did not vary significantly (P<0.05) on days on which'
work was done and on days on which no work was done. This

indicates that work had no effect on food intake. The indigenous
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bullocks consumed less total dry matter per day due to smaller

size.

Similar observations were made by Upadhyay and associates

'(1983) who found that work had no effect on food intake of
yoﬁng cross-bred bullocks. Lawrence and Campbell (1985)
reported that working bullocks were unable to supply their

increased energy needs by eating more, ILawrence (1985) in a
study of the voluntary feed intake of bullocks in Costa Rica,
has found that work had little effect on appetite and work was
not assogiated with any increase in voluntary feed intake,

- Thomas and Pearson (1986) £ound tﬁa¢ animals when working at an
ambient temparature of 3$°C consumed significantly less food
than they did on days on which no work was done and on days on
which they worked at 15°C and they concluded that the reduced
Intake was more a reflection of the ilncreased heat load due to
work. Barton and Saadullah (1986) also observed that the volun-
tary dry matter intakes of bullocks were not significantly
increased with the imposition of work.

There was signiflcant (P<£0.05) difference between indi-
‘genous and cross=bred bullocks in the dry matter intake, the
indigenous bullocks consuming more. In general, the indigenous

males consumed more dry matter than Bos taurus x Bos indicus

cross~breds (Hower et al., 1963; Thomas et al., 1989 and Thomas
and Razdan, 1973}, Thomas and Pearson {1986) in a controlled
environment eXperiment, on the other hand:observed no signifi-
cant‘gifference in the dry matter intake between Bréhman and

Brahman x European cross=bred bullocks,
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5.12, Water intake

..In the present study, 1t was observed that the water
intake expressed as per cent of dry matter per metabolic body
slze of indigenous and cross-bred bullocks did not vary signi-
ficantly (P<0.05) on days on which work was done and on days

on which no work was done.

On comparing the water intake as.per cent of dry matter
per metabolic body size between indigencus and cross-bred
bullocks, on days-of work and on days on which no work was
done, the cross-breds consumed significantly (P<0.05) higher

gquantilties.

In general, the indigenous bullocks consumed more dry
matter per metabolic body size and leéss water per ary matter
consumed. This may point towards better productive adaptabllity
oni their part mainly because they were able to consume more feed
per unlt metabolic body size in a thermally adverse environment.
Higher level of feed consumption is a reéuirementﬂfor higher
productivity. Similarly, a lower water intake is indicative
that they required less water turnover for @vaporative thermo-
lysis or they exercised better water economy by reabsorbing more

water £rom the reactum.

General conclusions
Even before the start of work, the cross<bred bullocks
were found to have higher physiological responses like respi-
Tatory rate, pulse rate and rectal temperature. This probably

indicates that the cross-breds were under some degree of thermal
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stress even before the start of work. Immediately after work,
the extent of lncrease in these parameters was higher in the
cross=bred bullocks when compared to indlgenous bullocks. After
1 hour of rest after work, the extent of decline was less in

the case of cross-breds,

The haemoglobin per cent of blcod was higher in the indi-
genous bullocks bafore work, It decreased to a greater extent
in ecross-bred bullocks. 2 higher haemoglobin per cent is
Indicative of greater oxygen carﬁying capaclty and hence greater
adaptability. The rate of recovery was slow in cross-bred
bullocks, Almost similar trend was observed with packed cell
volume of blood also. The érythrocyte sedimentation rate was
higher in the cross-breds even before the start of work.
Similar trend was observed with bloocd lactic acid and plasma-
blcarbonate content also. The rate of recovery of these haema-
tological parameters was slow in the case of crogs-bred

bullocks,

The total dry matter intake of indigenous bullocks was
found to be significantly less than that of cross-breds. But,
when expressed as per cent of metabolic body slze, the indi-
genous bullocks consumed more dry matter. On comparing the
water intake, 1t was observed that the cross-bred bullocks
consumed more water per dry matter per metabolia body size.
These may point towards better adaptabllity on the part of
. indigenous bullocks mainly because they were able to consume

more feed per metabolic bedy size and they were able to have
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better water economy and required less water turnover rate.

On comparing the relative efficiency of work; it was
found that the indigenous bullocks were able to plough compa-
ratively more area (15%) than cross-bred bullocks. The speed

of walking was also significantly hicher in indigenous bullocks.

In the light of the above findings the following inferences

can be made:

)

1, The indigenous Kangayam type bullocks are f£aster and can
plough approximately 15% more of dry land.

2.+ The indigenous bullocks consume more feed on a metabollg
body size basis and therefore are likely to make avallable

more energy for work.

3+ Thé water intake is less in indigenous bullocks and there-

fore can be more sultable for water scarcity regions.

4. The cross-breds seem to be under some degree of thermal
stress even without work as demonstrated by physiological
reactlons llke respiratory rate, pulse rate and rectal

temperature.

Blocd studies like haemoglobin per cent, packed cell
volume, plasma blcarbonate, lactic acid and exrythrocyte sedl-
mentation rate also point towards a.lower capacity of the cross-
breds to withstand the hot humid conditions of 27.74°C and 71%
relative humidity,

5. Work resulted in greater thermal stress reactions in the

oross=breds,
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6. After one hour rest subsequent to work, the indigenous
Kangayam type bullocks tended to return to pre-exercise
values faster, thus indicating better adaptabllity.

7. Eventhough the dry matter intake per maetabolic body size
was higher in the indigenous bullocks, their actual total
dry matter intake was lower than the cross-breds due to

smaller size,

Lower dry matter intake coupled with more area ploughed
per unit time and greater sustalring power due to lower heat
v Strain experienced, make them a more economical and superior

draught animal.

8., It may be sald in favbur of the gross-breds that they,
- eventhough under some degree of thermal stress were able
to carry on with the work at a slower speed without lésing
‘body weight. It has to be ascertained whether they can put
" in more work, when they are pulling greater loads in carting

as they may have greater power due to larger body size,
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SUMMARY

The draught performance of Bos indicus x Bos taurus
cross-bred bullocks was compared with that of bullocks belong-
iﬁg to a South Indian draught breed (Kangayam type) under the
agro-~climatic conditions of Kerala, with a hot-humid tropical
climate, |

| Two palts of adult cross-bred (Jersey x Sindhi) bullocks
and two pairs of adult lndigenous bullocks (Kangayam tfpe).
all trained earlier for work were selected fbr the study. They
were used for ploughing on dry land for 4 hours and 5 hours
continuously on alternate days, on each day there being one
pair of Indigenous and one pair of—cross-bied bullocks. Phy-
slological responses like respilratory rate, pulse rate and
rectal temperature and haematological parameters like haémo-
globin per cent of blood, erythrocyte sedimentation rate,
packed cell volume, blood lactic acid and plasma bilcarbonate
wera estimated before the start of work, immediately after work
and after 1 hour of rest after work. The dry matter intake and
water intake on days of work and on days on which no work was
done were determined and compared. In order to evaluake the
relative efficiency of work, the two groups of animals were made
to plough similar but different fields. The.average speed of
walking and the total area ploughed in uﬁit time were estimated
and compared.

Even before the start of work, the ecross-bred bullocks had

significantly higher physiclogical responses. As a result of
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work, there was sigﬁificant increase in the physiological
raesponses in both the genetic groups of animals, The respi-
';ratory_rate, pulse rate and rectal temperature in the case of
indigenous bullocks increased from 22452 £ 0,18, 51,68 # 0.32
and 38.42 + 0.01 to 87.69 # 0.56, 77.67 + 0.78 and 39.59 + 0.02
in 4 hour work schedule and £rom 22.12 # 1.0, 51.25 + 0,38 and
38,45 & 0.01 to 90.83 # 0.81, 79,11 % 1.42 and 39.73 + 0,03 in
5 hour wofk\schedule respectively. The gorresponding values

in the case of cross-bred bullocks rose from 24.70 + 0.23,
54,81 % 038 and 38.69 * 0,02 to 97.44 + 0.29, 87.15 + 0.56 and
39,86 + 0.01 in 4 hour work schedule and from 25.04 + 0.15,

- 54,67 + 0.32 and 38,70 & 0.01 to 102.44 + 0.47, 90.28 % 1.2 and
40.01 + 0.03 in 5 hour work schedule respectively. Aftér 1 hour
of rest after work, the values dropped significantly, but did
not reach the pre-exercise values., ¥Filve hour work schedu;e
seemed to impose greater stress on the animals, Between indi-
genous and cross-bred bullocks, the cross-breds seemed £o be

greatly stressed.

The haemoglobin per cent of blood, packed cell volume and
plasma bicarbonate content decfeaseﬁ significantly in both the
genetlec groups of animals as a result of works The haemoglobin
content of blood, packad cell volume and.plaéma bicarbonate con-
tent in the case of indigenous bullocks declined £rom 12.15 +
0.15, 32,10 % 0.28 and 25.86 + 0,27 to 11,00 4+ 0.09, 29.70 +
0.25 and 22.5101;0.36 in 4 hour work schedule and from 12,38 +
0.07, 31.55 % 0.38 and 25.87 + 0,26 to 10.65 + 009, 28,85 + 0.26
and 21,95 + 0.18 in 5 hour work schedule respectively, The
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corresponding values in the case of cross-bred bullocks declined
from 11,76 + 0.14, 35.45 # 0.28 and 26.54 1'0.34 to 10.28 + 0.12,
32.00 4 0.32 and 22.28 + 0.49 in 4 hour work schedule and from
12,13 + 0.05, 33.15 * 0.58 and 27.78 + 0422 to 10,31 + 0.07,
30.75 + 0.30 and 21.73 + 0.45 in 5 hour work schedule -respec-
tively. The erythrocyte sedimentation rate and blood lactic )
acid content were found to increase significantly after work.

The values of erythrocyte sedimeptation rate and blood lactic |
acid content in indigenous bullocks increased from 0.50 + 0,02
and 27.70 # 0.13 to 1.6 + 0.04 and 39.37 +-0.21 in 4 hour work
schedule and from 0.46 + 0.01 and 27.81 # 0.12 to 1.88 + 0,02
and 40,31 + 0.19 in 5 hour work schedule respectively. The
corresponding values in the case of cross-bred bullocks increased
from 0.58 # 0,02 and 29.84 + 0,31 to 2,51 + 0.38 and 40.72 + 0.19
in 4 hour work schedule and f£rom 0.57 % 0,01 and 30.52 + 0.45

t0 2.59 % 0.02 and 40.73 + 0.22 in 5 hour work schedule respec-
tively. One hour of rest was not sufficient to bring the

haematological parameters to pre-exercise levéls.

The dry matter intake'per metabolic body size of indigencus
bullocks on days of work was comparatively less than that on
days on which no work was done. The same trend was observed in
the case of cross-bred bullocks also. The indigenous bullocks
consumed more dry mattexr per metabolic body size on days of work
and on days on which no work was done. The indigenous bullocks
on days of work consumed 115.03 + 0.52 g/kg body wt 0,75 of
dry matter per metabolic body size and 116.18 + 0,58 g/kg body

Wt 0.75 on days on which no work was done, The cross«breds on
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the other hand consumed 93.53 + 0.45 ¢g/kg body wt 0.75 and
94402 + 0.42 g/kg body wt 0.75 on days of work and on days on.
which no work was done. However, the total dry matter intake
by- the cross-breds was significantly higher than the indigenous

due to larger body size.

The cross-bred bullocks consumed more water per dry matter
per metabolic body size on days of work and on days on which no

work was done,

The total area ploughed by indigenous bullocks in 1 hour
was significantly more when compared to that ploughed by cross-
bred bullocks. Tha indigenous bullocks ploughed on’ an average
426, 24 5QeMe of dry land in 1 hour whereas that loughed by
cross—breds was 364.04 sqem. Also. tha average speed of Walking
of indigenous bullocks (1 25 m/sec) was greater than that of
cross-bred bullocks (1.05 nm/sec).

The cross~bred bullocks-seemed to be under some degree of
thermal stress even without work as demonstrated, by physilologlcal
responses like respiratory rate, pulse rate and rectal tempera-
ture. Haematologlcal studies like haemoglobin pex cent, packed
cell volume, plasma bicarbonata content, erythrocyte sedimenta-
tion rate and blood lactic aci& alsoapointed towards a lower
capacity of the cross;breds to withstand the hot=humid condition.
It has been found that work resulted'in greater thermal stress

reactions in the cross-<bred hullocks.

The indigenous bullocks were faster and could plough

approximately 15 per cént more of dry land when compared to
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cross~bred bullocks. They consuméd more feed on a metabolic
body size basis and therefore are likely to make available more
energy for work. The Water intake was less in indigenous
bullocks and -therefore are more sultable for water scarclty
reglons, Lower total dry matter intake coupled with more area
ploughed per unit time and greater sustaining power due to low
heat strain experienced, make the indigenous bullocks a more
economical and superior draught animal. In ploughing, where
speed, stamina and capacity for sustained long spells of work
are more important than the capacity to pull heavier loads, .

the indlgenous bullocks appear to be superior on all counts,
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ABSTRACT

.The draught performance of Bos indicus x Bos taurus cross-

bred bullocks was compared with that of bullocks belonging to
a South Indian draught breed (Kangayam type) under the agro-
climatic condltions of Kerala, with a hot-humid tropical olimate.

Two pairs of adult crosse-bred bullocks (Jersey x Red Sindhi)
and two palrs of adult indigenous bullocks (Kangayam type) were
used for ploughing on dry land for 4 hours and 5 hours conti-
nuously on alternaté days. Physlological responses like respi-
ratory rate, pulse rate aﬁd rectal temperature and haematological
parameters like haemoglobin per cent, erythrocyte sedimentation
rate, packed cell volume, lactic acid and plasma bicarbonate
were estimated before work, immediately after work and after
1 hour of rest after work. The dry matter intake and water
intake on days of work and on days on which no work was done
were measured and compared. In order to evgluate.the relative
efficiency of work, the average speed of walking and the total

area ploughed in 1 hour were compared.

The cross-bred bullocks had significantly higher physiolo-
glcal responses even before the start of work. As a result of
work the physlological responses increased significantly and
during rest, the values declined but did not reach the pre-
exercise values after one hour rest. The haemoglobin per cent
of blood, packed cell volume and plasma bicarbonate content
decreased significantly and the erythrocyte sedimentation rate

and blood lactic acid content showed a significant increase as



a.regult of work, One hour of rest was not sufficient to bring

thése parameters to pre-exercise values.

lThé indigenous bullocks consumed more dry-matter per
metabolic body size than the cross-breds. However, the total
dry matter intake by the indigenous bullocks was less due to
smaller body size. It was found that work had no effect on dry
matter intake as the dry matter intake of indigenous and cross-
breé bullocks on days of work and on days on which no work was
done.wés almost similar. The cross-breds consumed more water
| per dry mattef.per metaboiic body slze on days of york and no
work. _
| The total area ploughed by indigenous bullpckgtin 1 hour
was significantly more than the cross-bred builocks. Also, the
| average speed of walking of indigenous bullocks was greater than

that of the cross-~breds.

The enhanced physiological reactions in the cross=breds.
even before the work pointed to the fact that they were under
some degree of thermal stress due to the hot-humid climate.
Exercise (worﬁﬁ increased the stress and widened the gap bet-

‘ween the cross~-breds and indigenous bullocks. The lower total
feed intake and greéter speed and more area picughed per unit
time make the indigenous Kangayam type bullocks a more economical
animal. Their higher feed intake and lower water intake per -
unit metabolic size indicates that they can better sustain
enexgy supply to the tissues fbr work and manage under lower
water availability. Coupled with these advantages, their greater
heat adaptability make them a superior draught animal.
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