FEMALE BUFFALO AND COW DRAUGHT
ENERGY PRODUCTION & UTILIZATION
IN FARMING SYSTEM

THESIS SUBMITTED TO THE
NATIONAL DAIRY RESEARCH INSTITUTE, KARNAL
( DEEMED UNIVERSITY )
IN PARTIAL FULFILEMENT OF THE REQUIREMENT
FOR THE DEGREE OF

DOCTOR OF PHILOSOPHY

IN
ANIMAL PSYSIOLOGY

BY
SOHAN-VIR SINGH

DIVISION OF DAIRY CATTLE PHYSIOLOGY
NATIONAL DAIRY RESEARCH INSTITUTE
(LC.AR.)

KARNAL 132001(HARYANA), INDIA

1992

REGN.NO. 88-P-AP-92




FEMALE BUFFALO AND COW DRAUGHT
ENERGY PRODUCTION & UTILIZATION
IN FARMING SYSTEM

THESIS SUBMITTED TO THE

NATIONAL DAIRY RESEARCH INSTITUTE, KARNAL

(DEEMED UNIVERSITY) '
IN PARTIAL FULFILMENT OF THE REQUIREMENT

FOR THE DEGREE OF

DOCTOR OF PHILOSOPHY
IN
ANIMAL PHYSIOLOGY

BY
SOHAN-VIR SINGH

DIVISION OF DAIRY CATTLE PHYSIOLOGY
NATIONAL DAIRY RESEARCH INSTITUTE
(LC.A.R.)

KARNAL-132001 (HARYANA), INDIA
1992

Regn, No. 88-P-AP-52



DEDICATED TO

BELOVED PARENTS




DR. R.C. UPADHYAY
Senior Scientist

Dairy Cattle Phyesiology Divison
: : National Dairy Research Ingtitute
Karnal 132 001 (Haryana), India

" o th
November £7 , 1992

CERTIFICATE

This is to certify that the thesis entitled '"FEMALE
BUFFALO AND COW DRAUGHT ENERGY PRODUCTION AND UTILIZATION IN
FARMING SYSTEM" submitted by Mr. SOHAN-VIR SINGH in partial
fulfilment of the reqguirements for the award of degree of
DOCTOR OF PHILOSOPHY in DAIRY CATTLE PHYSIOLOGY of the
National Dairy Research Institute {(Deemed University),
Karnal (Harvanal), India is a bonafide research work carried
cut by him under my supervision and guidance and no part of

the thesis has been submitted for any other degree or

diploma. ;221;4}1>51£ihff£6é§:bf#

(R.C. UPADHYAY)
MAJOR ADVISOR & CHAIRMAN
(GUIDE)



ACKNOWLEDGEMENTS

The author expresses his profound gratitude té Dr. R.C.
Upa@hyay, Senlor Scilentist, Division of Dairy Cattle Physiology,
National Dairy Research Institute, Karnal {India) for concerned

consel, judicious guidance, sustained encouragement alongwith
constant encouragement during the entire period of the
investigation.

With profound pleasure, gratefulness is expressed to the
members of the Advisory Committee, namely Dr. R.S. Ludri, Head,
DCP pivision, Dr. M.L. Madan, Project Director, ETT, Dr. 0.8.
Tomar, Head, KVK and Dr. Surendra Singh for their encouragement
and valuable suggestions during the course of this study.

Extreme gratefulness isg expressed to Dr. R.K. Patel, Ex-
Director and Dr. S.C. Sarma, Director, NDRI for providing
necesgary facilities which were needed for carrying out the
research work.

The author also wishes to express hig gratitude to Dy, B.S.
Prakash, Dr.{(Mrs.) Sujata Jailkhani, Mr. Parveen Kumar, Mr.
Mahendra Singh, Dr. T. Shekhar and Dr.{Mrs) Sangeeta Nair, DCP
Division for providing laboratory facilities from time to time
and necessary help during the course of investigation.

The author is debtful to Mr.a.8. Ghai, Mr.Naresh Pal and
Mr. Gian Singh for necessary statistical analysis. The author
would £ail in his duty if he does not express special thanks to
Mr. Prem Chand, Mr. P.C. Singh, Mrs. Asha Ladkhani, Mr. Bhagwat
Swaroop and Mr. Banarasi Dass for their day to day help during
the course of investigation.

The author takes this opportunity to convey special thanks
to his friends S.K. Sirohi, H.K. Gupta, ©.P. Chaturvedi, Deepak
Shah, Rakeh Pundir, Yaspal Sharma, P.K. Katiyar, A.K. Dang, H.S.
Malik, 8Sadhan Bag, .K.X. Singh and all other £riends for
inspiration and co-operation throughout the study.

Last but not least, the author expresses his deepest sense
of gratitude and sincere thanks to his wife, Shashi Tomar for her
constant patience and endurance during the long period of study.
The author is also grateful to his parents, specially his brother
Y.K. Tomer for their sustained isnpiration during the course of
study.

Financial assistance received in the form of Senior "~ NDRI
Fellowship is duly acknowledged. .

)V‘
(SOJ%N— R SINGH)



CHAPTER

- — - ——

CONTENTS

INTRODUCTION

REVIEW OF LITERATURE
MATERIALS AND METHODS
RESULTS

DISCUSSION

SUMMARY AND CONCLUSION

BIBLIOGRAPHY

54

67

113

144

o — o —

66

112

143

150

Kxvii



e ke e

4.1.5.1

4.1.5.2
4.1.5.3

4.1,5.4

'4.,1.5.5

4.1.5.6

4!116|1

4.1.6.2

4!1!6.3

LIST OF TABLES

Description

T D L L ik e S S S L Yo e T Wik A Sy ——

Climatic variable during experimental
periods.

Power output of DNP and LNP buffaloes
during summer and winkter seagons.

Power output of DNP and LNP cows during
summer and winter seasons.

Energy expenditure and efficiency for work
in cows and buffaloes.

Intake of DM and TDN during summer and
winter in cows and buffaloes,

Respiration rate change in working
buffaloes and cows during summer and
winter seasons.

Analysis of variance of physiclogical,
haematological and biochemical parameters.

Pulse rate/min changes in buffaloes and
cows during summer and winter seasons.

Rectal temperature {°C) changes in working
buffaloes and cows during Summer and
winter seasons.

Heat storage (kJ/min) by working DNP and
LNP buffaloces and cows during different
sSeasons.

Overall correlation coefficient between
RR, PR, RT, Hb, Hct, glucose and lactic
acid during ploughing experiment.

Haemoglobin (g %) <changes in working
buffalces and cows during sunmer aqd
winter seasons.

Haematocrit (%) changes in working
buffaloes and cows during summer and
winter seasons

Plasma volume changes (%) in working
animals during ploughing and carting
experiments.

After page
nunber

67
69
69

7¢

70
73

74
76
74
77
'79

80

contd. ..



401-701

4.1.7.2

4.1.7.3

4.1.7.4

4.1.8.1

4.1.8.2

4.1.8.3

4.1.8,4

4.1.8‘5

4.1.9

4.1.9.1

4.2.1.1

4.2.1.2

Description
Glucose (mg %) changes in working
buffaloes and cows during summer and
winter seasons
Lactic acid {mg %} changes in working
buffaloves and cows during summer and
winter seasons
Free fatty acid {(umol/1l} changes in
working buffaloes and cows during summer

and winter seasons

Analysis of variance of FPFA, T3, T4 and
insulin during plouging experiments.

Triiodothyronine {ng/ml) changes in
buffalces and cows during summer and

winter seasons.

Thyroxine (ng/ml} changes in buffaloes and
rows during summer and winter seasons.
Insulin (ul/ml) changes in buffaloes and
cows during sumrer and winter seasons.

Plasma progesterone  {ng/ml} and plasma
estradicl-17B (pg/ml) in lactating
buffalces and cows during summer and
winter geasons.

Plasma progesterone (ng/ml)} and plasna
estradiol-17B {(pg/ml} in dry non-pregnant
buffaloes and cows during summer and
winter seasons.

changes in milk yield and composition

during work in cows and buffaloes.

lactose in
summer

Analysis of fat, protein and
working buffaloes and cows during

and winter seasons.

Circadian variation in physiological
reaction in buffalces and cows.

Circadian variation in haemaglobin and Hot
in cows and buffalces.

ii

After page

number

83
85

87

87

89

30

92

92

93

93

95

96

contd..«.n



P e — e

4.3.1.1

4.3'1-2

4.3.1.3

4.3.1.4

4.3.2.1

4‘3.1.5

4.3.2.2

4.3.3.1

4,3.3.2

4.3.3.3

4,3.4.1

Description

T ——— - — T . A Bir o b by b P o e Y e T i e o M e e A e, e M B e e A

Circadian changes in glucose, lactic acid,
FFA, T3, T4 and insulin in buffaloes and
COWSE .

Time and distance covered by DHP buffalces
and cows at 5 and 10 gt} Ioads.

Respiration rate/min clhanges in working
buffaloes and cows during different cart
loads.

Analysis of variance of physiological,
haematological and bicchemical paraneters
during carting experiments.

Pulse rate/min changes in working
buffaloes and cows during different cart
loads.

Rectal temperature (°c) changes in working

buffzloes and cows during different cart
iocads.

Haemoglobin (g %) changes in  working
buffaloes and cows during different cart
loads. .

Overall correlation coefficient between
RR, PR, RT, Hb, Het, glucose and lactic
acid during different cart locads.
Haemotocrit (%) changes in working
buffaloes and cows during different cart
loads.

Blood glucose (mg %} changes in working

buffajoes and cows during different cart
loads.

Lactic acid {(mg %) changes in working
buffalces and cows during different cart
loads. .

Free fatty acid {umol/l) <changes .in
working buffaloes and cows during
different cart loads.

Triiodothyronine (ng/ml) changes im
working huffaloes and cCOows during

different cart loads.

iid

After page
number

ke e o i M s e s,

99

29
lg0
lo2
103
103
i04
107
108
109

1io

COntd--na--



4.3.4.3

4.3.4.4

4.3.4'5

Descripticon

—— P —— k. o o T e B A s P Y . R N - S s A W P WY s - T By Sy P A Bt

Analysis of variance for FFA, T3, T4 and
ingulin during carting experiments.,

Thyroxine {ng/ml}) changes in working
buffaloes and cows during different cart
loads. :

Insulin level (ull/mi}) changes in working
buffaloes and cows during different cart
loads.

Plasma progestereone {(ng/ml} and estradiocl-
178 (pg/ml} changes in working buffalces
and cowsg during different cart loads.

iv

After page
number

A — e . A A

1iz2

132



LIST OF FIGURES

Figure Degeription

number

3.0 Experimental design.

3.1 Climograph.

3.2 Desi wooden plough with speedometer and
double animal wocoden neck yoke.

3.1(Photo)Speedometer attached to plough.

4.1.5.1 Regpiration rate in working buffaloes and
cows during summer and winter.

4.1.5.2 Pulgse rate in working buffaloes and cows
during summer and winter.

4.1.5.3 Rectal temperature in working buffalces
and cows during summer and winter. :

4.1.6.1 Haemoglobin in working buffaloes and cows
during summer and winter.

4.1.6.2 Haematocrit (%) in working buffaloes and
cows during summer and winter.

4.1.7.1 Bloocd glucose in working buffaloes and
cows during summer and winter.

4.1.7.2 Lactic acid in working buffaloes and cows
during summer and winter. '

4.1.7.3 Free fatty acids in working buffaloes and
cows during summer and winter.

4.1.8.1 Triiodothyronine in working buffaloes and
cows during summer and winter.

4.1.8.2 Thyroxine level in working buffaloes and
cows during summer and winter.

4,1.8.3 Insulin level in working buffaloes and
cows during summer and winter.

4.1.8.4 Plasma progesterone and estradiol~17B in
working buffaloes during summey  and
winter.

After page

number

54
54

55

70

73

74

77

79

82

a1

85

a7

89

S0

92

contd..cs v



4.3.1.1
4.3.1.2
4.3.1.3
4.3.2.1
4.2.3.1
C4.3.3.2
4.3.3.3
4.3.4.1
4.3.4.2
4.3.4.3
4.3.4.4

4.3.4.5

PDepcription

P e AR B A A it T He T e B P il i M . b P e A S Ty i - S o v Y S Sar . A LI e L P e

Plasma progesterone and estradicl~17B in
working cows during summer and winter.
Plasma progesterone and estradiel-17B in

working buffaloes during summer.

Plagma progesterone and sstradicl-178B in
working cows during sSummer and winter.

Average milk yield of bhuffaloes and cows
during summer and winter.

Fat, protein and lactose (%) in working
buffaloes and cows during summer and
winter.

Respiration rate in woerking buffaloes and

cows during different loads.

Pulse rate in working buffaloes and cows
during different loads.

Rectal temperature in working buffaloes
and cowsg during different loads,
Haemotocrit in working buffaloes and  cows
during different loads.

Blood glucose in working buffaloes and
cows during different loads.

Lactic acid in working buffalces and cows-
during different lcads.

Free fatty acids in working buffaleces and
cows during different loads.
Triiodothyronine in working buffaloes and
cows during different loads.,

Thyroxine in working buffaloes and cows

during different loads.

insulin  level in working buffaloes and

cows during different loads.

Plasma <
working buffaloes during different loads.

Plasma progesterone and estradiol-178 in
working cows during different loads.

progesterone and estradiol-1l7B in.

ii

After page
number

1 By T ——

92

93

93

99
100
102
104
107

108
109
110
11t
112
112

112



LIST OF ABBREVIATIONS

AW - After work

AWl - After first work

AWZ - After gecond work

bpm - Beats per minute

BW - Before work

cQ2 - Carben dicxide

d.f. - Degree of freedom

DM - Dry mattery

DNg - Dry non-pregnant

EW - End of the work

FFa - Free fatty acids

GEE- - Gross energetic efficiency
#b - Haemoglobin

Hot - Haematocrit

R - Heart rate

K®al - Kilo calories

kJ/min - Kilp Joule/min

km/h - Kilometers par hour

1 - Litre

LA - Lactic acid

LNE - Lactating non~pregant
Load I - % guintals

Load IT - L0 guintals

mg % -~ . Milligram per cent

otl - Quintal _

o - Correlation coefficient
Rest T - after one hour rest
Rest II - aAfter two hour rest

HQ - Respiratory quotient

RR - Respiration rate

RT - Rectal temperature

S5EM - Standard errgr of means
TDN - Total digestible nutrient
GRAPHS

- Before work

- After work

After one hour rest

- after two hour rest

- After end of the second wocrk

LN B L g b=t
H



—— e —

S Ly S



1.0 INTRODUCTIGN

R N e b e L e

In moat ftropical and subtropical countries, chief farm
operations and rural transportation are dependant on animal
rower. At present, developing countiries import about 80 million
tons of food, which is likely to increase to 100-150 million tons
by the end of 2000 A.D. Increased food production from existing
land would necessitate use of more energy for ploughing, tillage,
irrigation and other farm adjunct works. Though the pace of
mechanization of farm sector is very fast, yet it cannot reduce
the gaps in energy demand and supply. This shortfall in enargy
is likely to increase further and the draught animals will keep
on sharing the bulk of the energy for farm in most developing’

countries.

Draught animals produce between 0.4 to 0,8 horse power an a
gsustained basis., Taking the lower conservative figure of 0.5 HP/
drauvght animal, the power made available by 300 million animals
at wark may be of the order of 150 miilion HP. For purposes of
replacement, it is usvally assumed that 5 pairs of animals can be.
replaced by ©nhe tractor though it is thecretically possible for a
tractor to replace many meore pairs. Téking the figqure of five
pairs, about 30 million tillers and tractors will be reguired to
reglaée the existing draught animal population. Thus, replacement
by mechanized system may need equipment worth any where between
200 to 300 billion dollars. The recurring annual cost towards
fuel and spares may also be arcund 5 billion dollars. It is well

known that many countries using draught anihkals {(such as India,



Bangladesh, Pakistan, Thailapd and Ethicpia etc.} do not have
rageurces of indigenous petroleum sufficient to meet their ownh
needg. . In densely populated countries where the average
cultivated area is small and number of land holding is very high,
mechanization ig not profitable and feagible particularly due to

gocio~economic condition of farmers,

In India, energy for ploughing two-thirds of cultivated area
comes from DAP. Tractors and tillers become viable only for
holdihga above 5 ha. Marginal and swall farmers cannot afford
the initial cost of these machines. Technical manpower and
maintenancve facilities of agricultural machineries are inadsquate
in most developing countries. Animal drawn vehicleg are muitable
for rurgl‘areas under certain conditions, wiz. uneven terrain,
small lecads, short distances and where time iz not ceritiecal
factor. 8Since 350 per cent of India's villages are not connected
by roads, animal drawn carts are the only mode of transport for
goods and passengers. Also in India,. two-thirds of rural
transport is hauled by 13 million animal drawn vehicles. An
estimate of National Commission on Agriculture {1976} for optimum
output revealed that energy input te farm has f¢ be doubled in
india to enhance farm production. Thus, such a éaat guantity of
enexgy cannot be supplied from petroleum-bagsed fuels or other
gources of energy only and utility of draught animalz will be

insvitable and an essentiality particularly in India.

During work, various physiological systems in body interact
and bring about series of temporary adjustments in physioclogical
and biochemical proces=zes te meet the body reguirements of oxygen
and energy and to tackle expeditiously the metabolites produced

in the processes. Evidently, the metabolic profiles are altered



and the magnitude of thesae changes can be interpreted to reflect
the animals endurance for work. During last decades, several
aystematic studies have been conducted to measure the draught
power, physioclogical changes in working cattle and buffaloes in
order to provide their ability to withstand the stress of
environment work. Lately., considerable emphasis has gone to
understand the changes in physiological processes during work and
to find out the limits of bovine work production. An  opinion
emerged oubt from the work carried out at HNDRI (Upadhyay and
Madan, 1985a; Upadhyay et 2I., 1987;: Upadhvay, 1989%9) at .lCU,
Townsville (Martin and Teleni, 1989) and st CTVM, Edinburg
{Pearson and Lawrence, 1989) is that "work performance is limited
by wvaricus factors related to animal =structure, environment,
thermal stress, radiant heat load and feedings. Work performing
capacity may be sustained and improved by selection and
modification of animal implements environment system®™ {Upadhyay,
1989},

The environmental conditions particularly ambient tempera;
turé, humidity, =oclar radiation and other climatice elements
affect physiclogical processea and ultimately Iimit work
capacity. It is not feasible from the existing _information to
give exact permissible limit in relation to working environment,
Thege limitations depend on the combination of different climatic
factoras and the duration of work. Under distressful olimatic
gonditiong, the body's capacity to store heat most often limit
other physiological processes and sustained work output over
prolonged hours. $Suitable work rest cycle for animals need to be

developed for reducing work-environment stress and for proper use

of animal power.

In general, bullocks are preferred for light work, like



tillage, light carting and other farm allied jobs and buffaloes
ara  used mainly for load transport and occasieonally for other
workss. The use of animals, however, vary tec a great extent upon
the farmer's socio-economic status and farm size. Male buffaloes
are uysed for pulling heavy loads in northern India, partienlarly
in rice and sugarcane belts. BAccording to an estimate, working
boevines in India are about {69.7 million}, male buffaloes (5.9
million}, wcows (2.0 million) and female buffaloes less than one
million. An appraisal of the number of working buffaloes, vis-a-
viszg bullocks indicates that the buffalc power is neither fully
utilized nor exploited for its power ocutput, in general and in
cartain atates like Guijarat, Haryana, Himachal Pradesh and

Rajasthan in particular,

In India, males are preferentially used for agricultural
oparations and females are limitedly used. Pamales constitute
only about 6.25 per cent of total DAP (Sharma, 1982). Recent
developments in farming systens have necessitated not only to
reviaew:.the objectives and pricritier of raséarch but also explure
the posaibility of uses of femzies for work, A new rconcept in
farming system has emerged out which &mphasizé the use of females
{buffaloes and cows) for draught purposes. Use of cows has been
conzsidered more efficlient than bullocks as they conkribute in
terms of work at farm, P, give milk, calf, doung and
draught power {(Dolberit, 1981; Mathewman ef al.,1988). Therefors,
uge of females need to be explored for draught purposes
particularly at small and marginal farm levels. In the states of
Bihay, Orissa and Karnataka, cows having low milk yield are used
for draught purposes. Leaving religious mentiments aside, there
ig a need for systematic research investigation to highlight  the
effects of work on milch animals, their reproductive performance,

physiological limits for work and extent of work females are



capable of doing without any adverse conseguences on phy=siolo-

gical processes.

Famale may perform work, produce milk and . rear calves.
fiowever, the imposition of work on femalee may exagerbate thoe
negative impact. Earlier, preliminary experiments carrxied out on
treadmiil at WDRI on low producing and long ancestrus cows have
indicated that unproductive pericd of the females may be uszed for
work without adverwely affecting their performance. Through the
pregent study, sttempts have bean made to document the effécts of
work on gome phyaidlogical functionz and explore the possibllity
of use and coapare the work capacity of buffaloeg and cows for

field work with following specific objectives.

1. To study comparative performance, energetic gfficiency and

phyagioclogical changes during ploughing in the buffaloes and cows.
2. To develop work-rest cycle for buffaloes and cows.

3. To study and guantify the effect of work and stress on

physivlogical procesyes.

4. To study the inter-relationship between metabelic hormones

and effect of work on repreductive status of animals.
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2.8 REVIEW OF LITERATURE

Cattle and buffalees are the integral components of Indian
agriculture and of Indian way of life. Advances of science and
technology in all human endeavours - atomic energy, electronics,
communicationsg, space travels, medicine, etc. have revelutionised
man's life, In spite of these spectacular schievementy, even
today, two billion people in developing countries depend on the
draught animal powexpsfl DAP provides energy for cultivatien of
nearly 50 per cent of worlds farm area under cultivation and also

for hauling over 2% million «arts.
2+1 DAP ~ AN APPROPRIATE TECRENOLOGY

braught Animal Power (DAP) refers to the power of draught
animals -~ cattle, buffale, horse and mule, donkey and camel,
yak and elephant., From technical and economic points of view,
DAP is inevitable in certain agro-clinmatic conditions and. it is
an appropriate technology for the farmers with limitedt resgurces
at their disposal. In India, energy for ploughing two-thirds of
cultivated area comes from DAP,and tractors and tillers beconme
viable only for holdings above 5 ha, Marginal and small farmers
under present socio-sconomic conditions cannot afford the initial
cost of most farm machines and implements. Farther, technical
manpower and maintenance facilities for these agricuitural
rmachineries are inadeguate in rura}l areas. To mest the targets
of food production from existing land area for 885 million

populaticn, power availability at farms must be improved and hoth



renewable and non~-renewable sources of energy need to be used

judiciouely.

Bmall farm enerqgy needs may be partly met from animals and
for larger needs either petroleum-based or hydroelectric power
may be used. Both males and females of bovines rcould be used as
in the cages of horse, elephant, camel and denkey. At proasent,
in India, females of bovines are ueed very limitedly for farm
work, about 8.5 per cent of females (8harma, 1982). These females
are used by small farmers and particularly during peak parioas of
a cropping season (Mathewman, 1987). However, the cows are used
as a source of farm power im South Korea {(Anon., 1978), Pakistan
{Akhtar, 1981), Philippines (Ranjan, 19B%), 8ri Lanka ({(8langan-
tillake, 1983}, Bangladesh {Orskov, 1984), Indonesia {(Komarudin-

Ma'sum and Telani, 1991) and in Australiia (Teleni of &l., 1991).

Energy needs in developing countries were not given an
appropriate attention till some of the International organiza-
tions pointed out the problem. The devsloping countriss have not
shown intereat af-their own in the development of draught animal
power {(DAP) till recently. Though DAP problem lookssimple, but
it needed efforts to upgrade technoslogy and its disseminatjion.
Emphagis on high technology needs to  be given whereever

appropriate but modernizations and/or introduction to DAP should

not longer he neglected.

gtudies on Haryana {Mnkherijee et al., 1981; Singh et al..
1968«}9?0: pevadattam and Maurya, 1978; Upadhyay and Madan,
1985b; Upadhyay and Madan, 1987; Agarwal and. Agarwal, 1932),
Sahiwal 1{8ingh ef al., 19683, 1970}, crosabred {éeorgie‘ et “al.,
1970; Sastry et al., 1970; MzuryagDevadattam, 71982 ; Rao and
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Upadhyay, 1984; Upadhyay and Rao, 1385 ; Upadhyay et al., 1987;
Parveen Kumar et al., 1987; Kaur and Rao, 1984; "Agarwal and
Agarwal, 1%92; Anjuli, 1988) and buffaloes (Kapoor, 1985
Upadhyay and Rao, 1985,]1988; Nangia et al., 1978; Singh et al.,
1980,1881) have been conducted. These studies have used varied
methods and criterion for ~assessment of animals and their

responses under varying ¢enditions often may not be cémparable.

Draunght capacity of different animals and related
physiological reactions, wviz. rectal temperature, heart rate/
pulse fate, respiration rate, haematological and biochemical
parameters have been studied in past and some of these have been
correlated to the functional capabilities of animals. The
understanding of pbysiological processes and the adjustment
required for performing wark take place in coordinated fashion
involving cardio-pulmonary, neuromuscular, thermoregulatory and
neuroendocrinehfunctions. Limited experiments have been carried
out in past to correlate the physio]ogical.érocesses with graded
leve]l of .work. In this review, only pertinent literature on
draught animals has been reviewed. To correlate the physioclogical
functions with work and environment, the uge of data on horses

and other mammals, whenever appropriate, have also been reported.

2.2 DRAUGHT CAPACITY

Devngni (1981} and Goe (1983) have reported that draught
power developed by an animal is a function of force exerted and
speed. Draught animals are capable of producing maximum pull of
about 15 to 18 per cent of their body weight for a short period.
. But during : work animal perform with a suTsgtainable pull, which
generally is less than 10 per cent of the body weight. Animals

under natural conditions often work continuously with these loads

for several hours,



Theoretically, the maximum pull animal can develop is near
18 per cent of its body weight (Devnani, 1981). The size,
conditions, training, method of hitching and speed of travel of
animal affect the maximum pulling capacity. However, the normal
draught capacity is approximately one-tenth of its body weight
{FAQ, 1966).

Rautaray and Srivastava (1983} studied the performance of
crossbred (Red Dane x Sahiwal) bullock during tillage in summer
under different draft conditions. They observed that these
bulloeks could negotiate 1B4.4 kg draft (12.9% of body weight)
with speed of 2,85-1,77 km/h for seven hours without any abnormal
change. Gorhe (1983) used crossbreds in harrowing, ploughing and
carting operations and measured . some physiologiecal,
haematological responsea together with some draught capacity
measurements. The study indicated that 1/2 and 3/4 crossbred
bullocks were able to perform, almost similar to indigenous
bullocks. The study advocated that crossbred bullocks may be
used as efficiently as other bullocks with some modifications of

work'timing for different agricultural operations.

Large variations in draught capacity estimates, from
different laboratories, have been reported due to employment of
different loading devices and surface conditions, brobably in
the absence of gstandard guidelines related to draught capacity
measurement systems. Buffaloes being heavier, can pull greater
loads than light bodied oxen, but latler can work for longer
periods in adverse ¢limatic conditions, i.e. summer and hot-humid
conditions. Studies on Swamp buffaloes have indicated that even
though they are slow, heavy and strong but are well suited to

work in muddy and submerged fields. Under such conditions they
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are able to pull heavier lcads than cattle (MNaumann and Stout,
1969; Rollinson and Nell, 1973). Goe and McDowell (1980) have
reported estimates of tractive efforts of different farm animals
which vary with bedy weight and speed of animal at work. Sumadi’
and Kuncoro (1982} found that working capacity ofibuffalo pair in

2 in 180 min in wet rice field or 284

Klaten E. Java was B53 m
mz/h- The capacity measurements under forestry indicate that
buffaloes can drag the Iogs (0.2 m3 to 3.3 m3J of wood per palir,
at a speed of 10 meter/min and can work for 6-7 h/day in winter
and 4-5 h a day in summer (Berry, 1982)., ©Ploughing studies have
revealed that one pair bullock ploughs around one acre of dry land
or one half to three-fourth acre of wet land in 8 h {(8ivaiah,

1983;5.

Studies on the power output of Haryana, Sahiwal x Brown
Swigs crossbred, Sahiwal and male buffaloes were conducted at
National Dairy Research Ingtitute, Karnal, using a single animal
drawn pneumatic tyred cart {(Upadhyay, 1982; Parveen Kumar et al.,
1987; Kaur and Rao, 1984; Rao and Upadhyay. 1985%; GOpadhyay and
Madan, 1985a,k, ; Upadhyay and Réo. 1986}, The loads tested were
2, 5, 10, 15 and 20 guintals. Haryana bullock could work longer
and travel faster than crossbred bullocks. Continued work for a
prolonged period decreased speed in Haryana but not in crossbred
animals. During heavier load pulling over a sustained period of
work, crossbred animals showed bhetter endurance while Haryana
animals showed a decrease in speed. Haryana bullocks produced
0.91 hp during 10 quintals load pulling operation. Crosshred
bullocks alsoc generated about equivalent power {(Upadhyay, 1982).
Kaur and Raoc {(1984) reported 0.16, 0.21 and 0,39 hp production “
during different load pulling operations. Singh et al. {1968,
1970} studied the physioclogical responses of Haryana and Sahiwal

bul locks while working with . 3 common agricultural implements,
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viz. disc plough, harrow and cultivator. The horse power
developed by Haryana during disc ploughing, harrowing and
cultiv%tion was 0.803, 0.974 and 0.743, respectively. The
average horege power developed by a pair of Sahiwal bullocks
during disc ploughing, harrowing and tilling was 0.837, 0.627 and
0.703 respectively. During harrowing, the speed and horse power
developed by Sahiwal bullocks were significantly lower than those
of Haryana bullocks. Devadattam and Maurya (1978) observed that
optimum draft for an average pair of Raryana bullocks was about
60 kg.

Ploughing and carting trials on crossbred and nondescript
cattle have indicated that the crossbreds were able to perform
better than indigenocus bullocks in Orissa condition (Acharya et
al., 1%7%). The crossbred bullocks pulled a maximum Jlocad of
1,310 kg as against 1,210 kg pulled by the indigenocus bullocks.
Maurya and Deﬁadattam {1982} conducted carting experiments in
summer on two Jersey x Red Sindhi buliocks and reported that
animals develop draft between 11 to 18 per cent of their body.
weight.

Upadhyay 1{(1984) observed that during summer and hot humid
seagone both temperature~ and humidity limit the performance of
crogsbred bullocks. The duration of ploughing and carting shoulad
not exceed over 2 h if continuous work output ig desired. A rest
of 10 to 15 min after every 2 h is essential in order to perform
optimum work . without harmfuel effects on animals. Upadhyay
and Madan (1987) studied the draught capacity and efficiency of
crossbred and Haryana bullocks, while working wunder tropical
climate and have indicated that the optimum load for a single
animal is 0.5 to 1.0 ton. The work efficiency of Haryana bullock

was higher than that of the crossbred and was affected by
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continuous work.

Extensive studies have been conducted on male buffaloes and
cattle but no eystematic weork has been carried out on the work
capaéity of female animals. A study on use of cows for draught
wag conducted by Bhatnagar (1989), Adult cows were exercised on
a treadmill at a speed of 2.5 km/h uphill 15.5°. This exercise
intensity doubled oxygen consumption, increamed cardiac activity
and reduced durations of ECG intervals. The milk yield of

lactating cows remained unaffected by this intensity of exercise.

Martin and Teleni (1989) carried out experiments on four
female Swamp buffaloes on a treadmill at a speed of 2.5 km/h for
a qpaximum of 3 h. Draught load eguivalent to either ¢, 5, 8 or
11 per cent of their live weight were pulled. The study has
indicated that work performance wot limited by heat stress.
Komarudin Ma'sumtTelent (1991) conducted an experihent to compare
the work capacity of Cnygole (Bos indicus}), Bali (Bos =sondaicus)

and Madura cows.

Femalezs of bovines becuase of their inherent nature and body
configuration do not have capacity to sustain hard work for leng
periods and to exert fully for work, but training and feeding
improves their work.capacity. Females may be able to produce a
maximum pull of at least 10 per cent of their body weights which
may be wutilized for optimizing production and for efficient
uwtilization at least of unproductive or less productive females.

In India, attempts have been made to measure draught power.
2.3 PHYSIOLOGICAL LIMITING FACTORS

Increased metaboliec activity in response to. work is

economical at environmental temperatures which does not stress
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physiological system and dowsnot require additicnal mechanisms for
heat dissipation. Both ext}eme cold and heat uneconomically
utilize available energy for heat production and elimination,
reapectively, instead of work. A significant difference exists
in the mechaniem for maintaining increased metabolic activity
during work than for maintaining normal activity. The explanation
for this difference is in the requirement of muscle at high level
of activity. Work during low ambient temperatures do not
increase body heat content to the same levels which reach during
thermal stress or intense muscular work; under such conditions
heat of work is used to maintain body temperature instead of

causing stress.

Work lead to adjustments in the various organ systems
involved in the work process. Work increase muscle metabolism
several folds the resting level, therefore, adjustments take
place in the body which concern the uptake and transport of‘
oxygen by the blood and its utilization in muscle tissues.
Sustained muscular activity over'prolonged.hours depend mainly on
the aerobic process and oxygen supply may be a limiting factor.
During prolonged work, the requirement ocf oxygen by muscle
increases and the significant changes which occuf with prolonged
work period that seems important in draught animals, similar to
marathon runners and horses are increased pulmonary ventilation
(Upadhyay and Madan, 1985%)increased cardiac output (CO! through
increased heart rate {(Upadhyay and Madan, 198§} and stroke volume
(Nangia et al., 1980), increased peripheral circulatioen,
increased blood and plasma volume {Upadhyay and Madan, 1988).
Increased muscle activity produces greater hgaﬁ of work, which
needs to bhe eliminated by various thermoregulatory processes to
maintain body temperature (Moran, 1973; Nangia et al., 1980;

Matherz et al., 1984; Upadhyay, 1987; Pieterson and Ffoulkes,
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198K .  Sustained muscular activity, besides above factors, is
also limited due to inadequate oxygen diffusion from the lung
alveoli into the blood (Astrand and Roedhal, 1977), oxygen
transport from the blood to muscle tissues and capacity of muscle

to use oxygen (Engelhardt, 1977; Upadhyay and Madan, 1985%).
2,4 THERMOREGULATORY PROCESSES

Body heat content during exercise increases in all mammalian
epecies and changes in muscle temperature occur more than rectal
temperature. Heat exchange by radiation, conduction and
convection also.occursunder natural conditions, whereas evapora-
tion is primarily in the form of sweating and panting {Hafez,
1%68). Changes in rectal temperature have been considered to be
affected by environmentaldﬁ:mperature change during work when

an % '

heat production increase/ animal exerts extra to dissipate the

body heat (Murray and Yeates, 1967; Grashaw, 1980},

In working animals, rectal temperature of animals has been
considered to be an index <f thermoregulatory mechanisms (Harvath
et al., 1950; Moran, 1973). Taneja and Bhatnagar (1960) observed
an increase (1.76%) in rectal temperature of buffalo calves after
half an houf?;xercise. A rise of rectal temperature in buffaloes
from 3B8.20°C to 40.08°C after running and upto 19,20°C while
carrying load on the back (60 kg) was cbserved by Sodhi and Singh
({1973), Rana et al. (1978) reported a rise in rectal temperature
from 37.5°C to 38.2°C after 1 h, 40.2°C after 2 h and 41.1°%
after 3 h of exercise in buffalo calves., Nangia et al. (1980)
observed increase in rectal temperature, tympanic temperature,
and skin temperature upto 41.8°c, 39.05°C and  39.74%%,
respectively from their respective initial values of 37.56°C,

34.07°C and 35.12°C in working buffalc calves. Upadhyay and Rao



15

(1985) also observed a significant increase in rectal temperature

of working buffaloes (38.03° to 41.05°C) during summer season.

Chikamune (1987) studied thermoregulatory functions of Swamp
buffaloes. Degree of water loss and heat dissipation through
different channels was lower in buffaloes than in cattle in all

the seasons, viz. summer, winter and spring.

Martin and Teleni (1989) also observed that work load affects
the thermoregulatory system of an animal and the rectal
temperature increased with increase in work load. During heavier
work load, the mean increase over pre-work value of rectal
temperature was approximately 2.4%C. Dang (1990) reported
increase in rectal temperature of buffalo heifers from 37.83 +
0.18°c to 39.90 + 0.12°C after 2 h of work. One hour rest
decreased rectal temperature to 39.0 + 0.11°C., Another period of
exercige raised vrectal temperature to‘39.55 + 0.13%, which

decreased to 3%.03 + 0.11°¢C after 1 h rest.

Maurya and Devadattam (1986) obkserved an increase in body
temperature of Jersey x Red Sindhi crosses and in Khillari
bullocks. Increase in body temperature has also been observed by
Upadhyay and Madan (1985a) in Haryana and crossbred bullock
subjected to woZrk under heavy loads in summer. Sreekumar and
Thomas (1989) reported change in rectal temperature of working
crossbred and Kangayam bullocks. Rectal temperature was recorded
before the start of work, immediately after work and after 1 h of
rest after worgﬁr?%.45 + 0,01, 39.73 + 0.03, 38.93 =+ 0.02,
respectively in Kangayam and 38.70 + 0.02, 40'01.1 0.03 and 39.21

in crossbred bullocks. Bhatnagar (1989) observed a rise _in

rectal temperature in cows moving uphill at a speed of 2.5 km/h
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for 30 min from 38.04 + 0.19 to 39.0 + 0.14%C and increase in
skin temperature from 29.05 + 0.00 to 33.13 & 1.,31%¢.

2.5 CARDIOVASCULAR CHANGES

The Ffamous Danish physiclogist August Krogh made the
clasgsical observations on the capillary circulation of
experimental animals. He counted 5 capillaries pef square milli-
meter in the resting muscle, and 190 per square millimeter after
gtimualation,. It wag estimated that oniy 1/20 to 1/50 of the

capillary bed is open in the resting state {Krogh, 1922}.

As the increase 1in active capillaries andthebhodflow is
approximately the same about 20 times that at rest, it follows
that the velocity of flow in the capillary is much the same in
the exercise as at rest, and the time each blood corpuscle spends
in the capillaries is not much changed by actigity- Cardio-
vascular system,in order to supply adegquate amount of oxygen for
working muscle and to trangport carbon dioxide to lungs and- to
maintain internal milieu,increasegits activity several folds
during'exercise/work. Increased demand of oxygen during exercise
is partially met by enhanced oxygen carriage by blood aided by an
inoreased eipculation rate [Wiggers, 1955). Heart rate changes
during exercise in horses have also been reported {(Asheim et al.,
1970; Senta et al., 1970; Stek] et al., 1976; Hornicke et al.,
1977,1983). At the peak demand for oxygen, the heart rate has to
increase its output both by speeding up its rate of beating and
by increasing the volume of blood pumped at each stroke.
According to the available evidencesz, it appears that under
moderate stress the heart may increase either its stroke volume
or rate or both (Rushmer, 1961; Rowell, 1974; Sodhi aqd Singh,
1973; Naughton, 1979). Initially, heart rate increaseg dve to
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inhibition of parasynxghetic control over heart {(Hallg et al.,
1976; Rowell, 1983) but while running;oxygen supply to muscle 1is
mainly achieved by increase in rate than the cardiac ocutput

{(Bhutani and Nangia, 1976; Nangia et al., 1980},

Buffalo bullocks working under heavy load during summer also
showed a significant increase in the heart rate from 58.88 to
97.50 bpn after exercise (Upadhyay and Rao, 1985), Rana et al.
{1978} reported a significant change in pulse rate of castrated
and uncastrated buffalo males while pulling a stone roller at

constant speed of about 3 km/h for 3 h.

The increase in heart rate during moderate and submaximal
work at normal speed dossnot go beyond 150 toc 160 bpm {(Upadhyay,
1987), Pulmonary. ventilation increasesto only a limited extent
during work and this may limit work over prolonged periods in
animals as in humans (Bye et al., 1983; Upadhyay, 1989}. The
reasong relate to inefficiency of gas.exchange and respiratory
muscle fatigue as a result of inadeguate perfusion when
respiratory muscle compete for blood flow with working muscle and

thermporegulations {Rowell, 1974),

Upadhyay and Rao (19B8) reported an increase in heart rate
to about 150 to 160 bpm after 30 min of treadmill exercise, The
heart rate increased immediately at start to 100 to 120 bpm whiech
stabilized after 4 to 5 min and remained at these levels during
exercise, Wachg%apakorn and Wanapat {1989) found that pulse rate
increased in buffaloes from 43.8 to 67.7 and 77.4 bpm after
working for 1 and 2 h, respectively. Pulse rate decreased to

normal level within a period of 2 h.

Heart rate changes during work have been studied in bullocks
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{Singh et al., 19683; Raoc et al., 1974; Devadattam and Maurya,
1978; Acharya et al., 1979; Upadhyay, 1882; Rao and Upadhyay,
1985; Upadhyay and Madan, 1986; Anjuli, 1988). The increase in
heart rate downot exceed 150 to 160 bpm. The rise in pulse rate
was reported by Ras et al. (1974). tThe affect of roller pulling
{Sagtry, 196%), loading (Devadattam and Maurya, 1978), treadmill
working (Upadhyay and Raoc, 1988; Martin and Teleni, 1989) were
also similar and rise in heart rate/pulse rate have not been

reported to exceed levels of 150 to 160 bpm.

Sreekumar and Thomas {1989) compared the draught capacity of
crossbreds with Kangayam bullocks and found that the increase in
pulse rate was more in crossbred animalz. Pulge rate values were
observed to be much higher in crossbred bullock than Haryana

bullocks (Agarwal angd Agarwal.'1990)‘
2.6 PULMONARY CHANGES

Buring exercise, several adaptations ¢ccur in respiratory
system analogous to thome of thefmoregulatory and cardiovascular
adaptations. During work the energy demands of muscle increase
geveral folds. In order to transpert greater volume of .oxygen,
respiration rate, tidal volume and diffugion rate for oxygen must
increase. The ventilation volume increases due to increasing
work leoads upto the maximal levels. From a resting value of
about 6.0 1/min the ventilation increases teo 100 and 150, and in
extreme cases to 200 1/min (Saltin and Astrand,1967).If pulmonary
ventilation is expressed in relation to magnitude of oxygen
uptake, it is 20 to 25 1/l oxygen at rest and du?ing moderately
_ heavy work but increases to 30 to 35 1/1 oxygen during work.

Pulmonary ventilation, which is at rest 25 to 80 l/min in cattle
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must increase many folds to accommodate for increased regquire-
ments. Such increase is brought about by inorease in breathing
rate coupled with increase or decrease in tidal volume (Brody,

1945).

Increase in regpiratory rate (RR}) with the increase of air
temperature is one of the first prominent and viable
physiological response of cattle. Numerous reports have been
published indicating increase in resgpiratory frequency with
inereage in environmental temperature {Bianca, 1965; Thompson,
1973). Increased respiration rate with increase of relative
bumidity {(Rhoad, 1936; Sheath and Miller, 1946} and decrement in
respiration rate with drop of temperature (Kibler and Brody,

1949) have also been reported.

Increased energy demands of muscle during exercise is
accompanied by an esnhanced pulmonary activity in cattle
{Upadhyay, 1982: Martin and Teleni, 1#89} and in horses (Brody,
1945; Pearson, 1983; Manchar, 1988}).

During agricultural work, respiration rate increases in both
native and crossbred bullocks (Mukherjee et al., 1961; Singh et
al., 196831970; Sastry, 1969; Rao et al., 1974; Acharyagfallozy;
Kaur and Rao, 19B4; Upadhyay and Rao, 13%86; Bakrie et al., 1987;
anjuli, 1988; Bhatnagar., 1989; Agarwal and Agarwal, 1950).
Increase in RR of buffaloes during work/exercise has been
reported {Tanej:ndairfa:ihatnagar, 1960; Morah, 1973; Sodhi and
Singh,1973; Alimj1875; Singh et al.,1981,1982; Rao and Upadhyay,
i985; Hapoor, 1985; Bakrie et al., 1987; ODpadhyay, 198:.,1989;
Upadhyay and Rao, 1988; Dang, 19%0). Konarudin Ma*sum and Teleni
(1991} compared the three breeds of cows and found that

respiration rate increased significantly during exercise, the
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differences were significant between breeds, the highest nean
respiration rate was observed in Bali cowa while Ongole cows

ghowing the loweat mean values.

Sodhi and Singh {1973) obgerved a respiration rate of
43.25/min after running and 28,17 after walking with a 60 kg load
on the back from a normal value of 27.50 in buffalo calves.

and Ahmed

AlimA(1975) recorded a respiration rate of 25.92 per minute
in buffaloes and observed a significant relationship between body
temperature and respiration rate. Kapoor (1985) reported an
increase in respiration rate from 13 to 125 per nmninute after
work, indicating a rise of 861 per cent. Upadhyay and Rac {1985}
also observed an increase in respiration rate by 934 per cent in

buffalo males in response to heavy work.

In order to ensure an adequaté supply of oxygen for muscles,
the lunga provide more oxygen for haemoglobin saturation and
circulatory system attempitto deliver oxygen in proportion to
tissue metabolism. Studies en human, cattie, buffaloc and horse
have indicated that all systemgadjust to svpply oxygen to working

muscle within the physiological limits.
2.6.1 PANTING

Many lower animals have inherent ability to lose heat from
the surface of their bodies for two reasonsa, the surface arna
usually covered with fur, second the skin of most lower animals
ig not supplied with sweat glands, which prevents much
evaporative loss of heat from the skin. Therefore, a substitute
mechanisn of panting - which is primarily dead space ventilation,

is an important temperature regulating mechanism in many species.
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buring panting, the regpiratory Erequency is increased and the
tidal volume iz decreased so that alveolar ventilation remains
constant., This process often protects animals and birds from

hyperventilation.

A heat load evokes polypnea in many mammalian and non-
mammalian species, and in some the panting is fast enough to
account for a major heat logs. Panting is nzually accompanied by
increased salivary secretion and may cause a considerable
increase in respiratory evaporative ceooling if the humidity of

the inspired air is not tao high.

Studies of the panting mechanism in cattle have shown that
evaporative- ¢ooling occurs in the upper respiratory passage and
not from coeling in the lungs. It iz clear in the calf and in
the sheep that panting is in respeonse to raised environmental
temperature and starts before there 1is an increase in the
temperature of the blood supplying the brain {(Hales and Webster,
19671} . Bqt panting may also be induced at a constant external
temperature by a rise in body temperature or by local warming of

the anterior hypothalamus {Hales and Bligh, 1969).

Bioloyy and comparative physiology of panting in different
animals havebeen observed by Richards (1970). When cattle wa¥e
exposed to hot environment, respiratory freguency increased and
tida)l volume decreased with net rise in respiratory evaporatioen,
especially from upper respiratory passage (Bianca, 1965}).
Panting is not as effective as sweating in increasing evaporative
moisture loss in the‘ heat, and in addition there is the
possibility that the effort of panting increases the animal’s
heat production. Findley and Whittow (1966} observed a 3-fold

increaze in the respiratory freguency of steers after heating
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hypothalamus but did not detect any significant increasgse in

oxygen conaumption.

In severe heat stress (40/38°C, DB/WB) when body temperature
rises continuously, ﬁhe initial respiratory pattern changes from
high freguency and shallow breathing to a deep breathing with low
freqguency regpiration. In such type of breathing, dead apace
ventilation occurs and respiratory alkalosis develops. This
phage of breathing haé a very high energy «cost and the mixed
venous blood has a high lactate values, indicating tissue hypoxia

(Hales and Wakstirl967; Hales, 1973).

McLean and Calvert (1972) found that increasing the relative
humidity from 32 to 72 per cent at an environmental temperature
of 359°C reduced respiratory evaporation. In an environment of
35°¢, the heat loss is reduced to 38 per cent from 54 per cent at
15°Cc. Chikamune et al. (1987) studied the heat loss in relation
to evaporative water loss in Swamp buffalo and Holstein cattle in
three different seasons in temperate region. Evapeorative water
losg both through respiratory and boedy surface was lower in
buffaloes than in cattle in 211 seasonm. Cattle lost a greater
per cent of heat tﬁrough evaporative channels than did buffaloes,.
Thereby, atudy saggested that buffaloes were not as efficient as
cattle in heat dissipation procesges, On the other hand, the
lower respirateory volume associated with a high.rate of oxygen
uptake‘ in buffaloes may indicate the existence of a mnmore

efficient energy saving mechanism in buffaloes.

2.7 HAEMATOLOGICAL CHANGES

The blood and lymph are responsible for transportation. of

material between the different cells and tissues. variocus
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products, by-product and intermediates of metabolism are trans-
poerted through blood; therefore, the blood circulation has a key
role in the maintenance of "internal milieu” and body fluid
regulation, During exercisge, the tissue demands for oxygen
increases several times and blood has to supply oxygen to the
tissue, if work is to be sustained for longer periods. In order
te fulfil this need, red blood cells are mobilized from the
spleen at the time of initiation of work as has been evidenced Ey
red blood cells increase in cattle and buffaloes {Singh et al.,
1968; Upadhyay and Madan, 1388},

Haematoerit, red blood cells counts and haemoglobin concen-—
tration of buffaloes are negatively correlated with the ambient
temperature {Murty and Mullick, 1960; Raghvan and Mullick, 1962).
Thermal stress of direct solar radiation caused a decrease in the
haemaoglobin in-buff310é3 and cattle (8hafie and Badreldin, 1%962).
At any environmental temperature, buffalo has greater content of
haemoglobin than Egyptian native catf!e and temperate cattle
crosses with mnative, but also egual to that of pure dailry
shorthorn {Shafie and Badreldin, 1962}. Shebaita and Kamal (1973)
reported lower values of Hb in mature buffaloes and Friesian
cows, 11.18 *+ 00,37 and 9.25 + 0.27, respectively. Mullick (1260)
reported higher value of Indian buffalces than Indian cattle,
12.3 and 10.4 g in hot dry weather (33°¢, 33% RH) and 10.4 and
9.8 g in less hot humid weather {2800, B82% RH).

It was observed that in most cases lower values of Hb in
cattle (Manresa et al., 1940; Bonsoma et al., 1940; Pal et al.,
1945; sSpealman et al., 1949). Manresa et al. (1940) reported a
lower value of Hb in imported temperate breed in comparison to
Zebu which was associated with, the degres of acclimatisation -and

conclusively more variations in the Hb concentration in any breed
1
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or Bpecies due to climate changes indicates lesser capacity of

adaptation.

Upadhyay {1982} reported a decrease in #Hb and PV level
during work. Continuous work over several weeks may not  have
enough red blood cells in spleen for mobilization. Decrease in
hematocrit and Hb levels from their bagic values during load
pulling and ploughing operationas in Harvana, crossbred and
buffaloes have been reported (Upadhyay and Madan, 1988; Sastry
et al., 1970; 8ingh et al., 19683;Upadhyay and Rag, 1985; Rao
et al., 1974; Nangia ot al., 1978}.

These studies indicated that croszsbred bullocks appeared to
- possess a better adaptive mechanism to meet the incfeaseé demand
for oxygen during work by changing the Hb level in blood than in
Sahiwal Dbullocks (Georgie et al., 1970}, Acharya et al. 11979)
workgd on bullocks {crossbred and nondesoript indigenous type}
and found an increase in b per cent; packed cell volume, total

red blood cells, white blaod cells aftey work.

Bhatnagar (1989} reported no gignificant difference in Hb
and PCV value either due to exercise or in recovery phase in
working cows. Sreekumar and Thomaeg (1989) also reported signifi-
cant decreases in the levels of Hb and packed cell volume in

crozsbred and Kangayam bullocks.
2.5 PLASMA VOIIIME CHANGES

Work in hot environment invelves another perturbation to
cardiovascular system as a result of changes in fluid volunme.
Evaporative loss in the form of sweat or water Trom ragpliratory

tract spends several litres of body water/h during work in  hot
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conditions. Extracellular and jintra-cellular velume changes
occur with cther physiclogical changes which influence thermo-
regulation in humang (Senay, 19792), But the changes in ruminants
are 'undoubtedly not the same. The plasma volume rises due to
wark in the heat as a result ¢f haemodilution in buffaloces and
cattle (Upadhyay, 1987). Continuous working over 3 h expends
plasma volume to an extent of 16 per cent over the initial volume
{Upadhyay, 1982). The magnitude of changes may be even higher in
some of the animals. Plasma volume expend greater in summer
while ' performing heavy work at a2 higher speed. The Haryana
bulleocks have greater capacity to mobilize their water content
and increase plasma volume more than the crossbreds under similar
conﬂitions.) Some of the bullocks in beginning develop hewmo-~
concentyation but continuous work result into haemodilution.
Prolonged working proddce hyper-volumia to the extent of 15 to 20
per cent depending on load and duration of work. Plasma wvolume
expends to help animal system to transport greater heat of work,
Therefore, these changes in plasma volume during work in summer
may be regarded as "the single most 'important mechanis=sm
responsible‘for homeostasis during work in hot environment™. Most‘
likely, these changes oceur through aldosterone-arginine-vaso-
pressin mechanismz teo maintain fluid and electrolyte balance.
Whether the induced hyper-volumia is an osmotic expension as a
result of increased retention of crystalleid within the intra-
vascular space or an oncotic expansion as a result of increased
retention of colleids is still not clear. In either case, the

expansion of the volume must be regarded as a homeostatic

responge,

2.9 BIOCHEMICAL ADJUSTMENT (ENERCY, DEMAND AND SUPPLY)

The main substrates for skeletal muscle metabolism during



25

exercine and carbohydrates and free fatty acids (Dole, 1956;
Newsheolme, 1981)1. Three major sources, namely (i) adipose tigsue,
{ii} Aintramuscular triacylglycerols, and (iii} circulatory tri-
acylglycercls supply FFA's for utilization in muscle. Several
factors may influence the rate of triacylglycercl aynthesis.
insulin is the key hormone for this procees. It enhances the
entry of glucese into the fat cells (Bjorntorp and Ostman, 1971).
To ensure ophimum delivery of fuel to exercising muscle endocrine
control systems interact and for the most part oppose the actions
of anabolic hormones, primarily insulin as is evidenced by the

decline in pancreatic and gut blood flow (Bell et al., 1983}.

Substances elaborated as a resuvlt of high sympathetic action
by neuro-endocrine argans, particularly catechalamines, gluco-
corticoide and growth hormone axert anti-insulin effacts and
provide energy demands of muscle by enhancing assimilation of
glucoze from bleod, glucogenolysis and increased oxidation of
fat. To compensate for these changes in' glucose homeostasis,
hepatic glucose cutput and FFA metabolization from adipose tissue
is augmented., Thus, the enargy demands are met in the muscles
via endoorine glands after stimulus from hypeoxic tissue{s? or/and
action of labile humoral substances produced by exeérciming

muoole.

Vinten and Galbo(1983) studied that exercise/training modify
the responaesl of the adipocytes to insulin. Adipose tissun
depots are mobilized to provide energy for milk secretion. during
early lactation and for work. Complete hydrolysis [(lipolysis)

yields 3 mol non-esterified fatty acids(NEFA) and 1 mol glycerol/

mol triacyliglycerol.
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Studies on exercising horses (Rose et al., 1977; Lucke and
Hall, 1980) and sheep (Leng, 1985) have indicated that FFA's are
mobilized from these sources to meet energy needs, About S0 to
60 per cent of the supply is from extra-muscular depots in
exercising dogs (Paul and Issekutz, 1967) and man (Havel et al.,
1967) and that remalining is contributed by the intramuscular

triacylglycerol {Costill et al., 1973; Essen et al., 1977}.

PBuring exercise adipose tissue blood flow increases several
fold in sheep (Upadhyay and Hales, unpublished), dog (Bulibw,
1982) and man (Bulpyw, 1981). The fatty acids are released from
adipose tissues in association with plasma albumin {(Bullow, 1983}).
The increase in blood flow has been demonstrated to enhance the
FFA's mobilization during exarcise. The association with albumin
increases enormously that amount of FFA’g that can be transported
but since the free concentration is very low, it limits the rate
at which FFA's can be taken by muscle (Newsholme, 1981). The
fuel availability in Marathon runners has been implicated in the -
poor performance {(Gollnick, 1977; Dayies and Thompson, 18%7%8)-
Studies on fat depleted sheep carrying weighit on their back have
also revealed that adipose tissue depots are perfused to drive
FFA's and depleted animals depend on limited adipose . tissue
depots for energy during work {(Upadhyay and Hales, unpublished).
A similar -situation is expected in under-fed oxen ploughing
fields and covering 40 to 50 km/day in 6 to 8 h continuocusly and
for several weeks in a ¢ropping season. Inadequate feed availa-
bility prior to momsoon season leads to poor physical condition
of animals. Under sguch condition, work is performed over
prolonged hours on the expenses of adipose tissue deﬁots many and

to a lesser degree on stored glycogen (Upadhyay, 1989).

Training has a profund effect of FFA's mobilization in
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humane (Holloszy and Booth, 1976) and rats {(Buckowiecki et al.,
148013, Both sex (Despres et al., 1984a} and genetic {Despres
et al., 1984b) differences in lipolytic activity have wshgerved
and training improves the preferential utilization of FFA's more

in males than females (Despres et al., 1984al.

The role of FFA's as an important fue] for muscular work is
directly revealed by wmodern techniques including the use of
isctopes {Fritz, 1%61). Adipose tissue depotz have a larée heat.
store in the adipocytes. At the beginning of exercise there iz a
drop in the plasma FFA due to an incresased uptake in the active
mugele. #fter sometime there is a subseguent rize in the plasma
FFA concentration grovided that the work iz not extromely heavy.
This riss 1is due to an enhanced mobiligation of FFPA from the
adipogse tisgues which ig probably induced by an  increased
sympathetic activity which is, in turn, levels to a proportion-

ately increased turnover of the Fra {Armstrong et al,, 19861}.

Studies of Kartiarso et ai. (1989) on four steers and four
buffalees have suggested that the fatty animals can be worked on
their fat resources with minimal nubtrient input. These animals
wouid proebably do best on a diet of high glucogenic potential.
The effect of exercise (work) on female vows was reported by
Teleni e& al. {19%1) that there were aignificant dillerences
between breeds in the value of FFAs. The highest concentration
of FFAs was recorded in the Ongole cows while lowest values were
ohgarved in Rali cows and Madura cows in between 1.162, 0.765 and
1.138 mM/l, respectively. Physical condition had a significant
effact on the plésma concentration of FFAs. Plasma concentration
of FFA= was higher in the untrained {1.102 'mM} than trained
(6.953 mM). Plasma concentration of free fatty acids increased

during work period. HKartiarso et al. (1987 and Teleni and
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Hogan {(1989) concluded that increase of plasma free fatty acids
and glucese concentrations during work are consistent with the
view that these are the two most important energy yielding

substrates for the working muscle.
2.10 RESPONSE TO HORMONAL STIMULY

The hormonal effects on lipoly=is have been studiea in
detail in vitro as well as in vivo (Heindel et al., 1975; Hales
et al., 1978). A wide variety of hormones have been found to be
lipulytic. These are catecholamines, growth hormone, ACTH,
varioug pituitary hormones and intestinal hormoﬁes such as
secretin and VIP. In human adipose tissue, only catecholamine
and TSH have consistently been found to stimulate lipolysis in

vitro.

The effect of catecheolamines and insulin on lipolysis are.
brought wvia receptors located on the adipocyte cell membranes.

Hormonal mechanism of importance for the increased lipolytic rate

during exercise 1is the depressed insulin cancentration. The -
decrease in insulin concentration in peripheral plasma isg
directly related to work intensity {Galbo, 1983). The ' concen-

trations of FFAs and glycerol during exercise are higher in
fasted and in fat fed animals than in normal animals while

insulin concentration is lower {(Galbeo et al., 1979}).

In dog, the essential hormonal changes promoting increased
lipolysis during exercise seems to enhance sympatho-adrenal- b -
adrenergic stimulation reinforced by the L-adrenergic elicited
decrease in circulating insulin concentration. 7In small mammals,
it has been found that thyroidectony abolishes exercise

stimulated lipolysis (Federspillq@1975). Thyroid £function may
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net be without influence on the lipolytic response during
exercise in man. Howevar, there is no evidence that thyroid
hormones may be acute regulators of lipolysis and furthermore the
concentrations of thyroxine and triiodothyronine do not change

during exercise (Galbo, 1983; Bhatnagar, 1989).

+ Falls (1968) suggested that growth hormone has a physiolo~
gical role in fat metabolism. Human growth hormone secretion, in
turn, is responsive to alterations in glucose metabolism,
stimulation being caused by hypoglycemia and suppression by

glucose administration.
2.11 ENERGY SUBSTRATES

Muscle preferentially use glucese for senergy supply,
depending on energy needs in the muscle and oxygen availability.
Glucose may be used both aerobically and/or anaerobically, though
later process being less economic and efficient in comparigon to

the former ane.

Judson et al. (1976} found that in exercising sheep the
amount of glucose passing through the glucose pool in the. animal
increased;,; and they attributed this increase in extra-gluconeo-
genesis, however, recycling of glucose undonbtedly occurs to some

axtent.

Clearly, gluccose is & substrate for nuscle energy at rest
and during work and long chain fatty acids become increasingly
important with progressgion of work. utilization of glucose in
mumcle is approximately 1.2%5 mmol/h/kg muscle ip fed. non-
producing sheep but utilization is reduced in lactating sheep to

about 0.3 wmol {(Pethick, 1984},
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" Glucogse uptake by muscle increased with exercise (walking
5 km/h) as did the uptake of FFA (Pethick and Chong, 1985). If
the muscle mass in a 40 kg sheep is about 25 per cent of beody
weight (i.e. 10 kg) thén muscle accounts for the utilization of
37.5 mg glucose/min (4.5 g/2 h) at rest in a fed animal, 6 wg/min
(0.72 g4h) in a fasted pregnant animal, but as much as 10.5
mg/min (12.6 g/2 h) in a sheep walking on a treadmill at S km/h,.
In these physiclogical states, glucose pdssing through the body
pool varies from 30 to 100 mg/min i(Leng, 1970) and, therefore,
the muscle when working uses a high proportion of glucose
normally available and the animal must be mobilising glucose from
its glycogen resocurces. As the liver contains about 5 g glycogen/
100 g and the skeletal muscle 1 to 2 g glycegen/100 g. These

resources could be petential sources of the glucose for muscle.

ATP is readily available source: of energy which is
generated by metabolism of glucose and other intermediates of
metabolism, Exercising muscle chiefly dépend upon glucose for
energy supply hence require more glucose. -Changes in the glucose
level due +to exercise in ruminants do not occur significantly
(Upadhyay and Madan, 1988; Nangia et al., 1979; Singh et al.,
19840).

Blood glucose in relation to environment and substrates
availability has received considerable attention among bovines
{(Diven et al., 1958; Bianca and Findley, 1962; Raghvan and
Mullick, 1962). Tripathi et al. (1978) concluded that the effect
of climatic variables on blood sugar levels in animals 1is not
always uniform and other factors compound in. A brief review of

glucose changes in bovines is presented here.

Murty and Mullick (1960} observed a positive correlation of
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blocd eugar with increase in air temperature, whereas humidity
had no effect. Similar thermoglycemic responses during hot and
hot humid qonditions in Haryana cattle were reported by Bhosrekar
and Sadhu {1963) and Singh and Bhattacharyya (1986). On  the
other hand, Blincoe and Brody (19851} indicated that blood sugar

decreased with the increase of environmental temperature.

No significant changes in blood sugar levels of animals have
been reported due to rise in environmental temperature {(Pal
et al., 1945; Brody, 1949; Bianca and Findley, 1962}. More
recently, 8ingh and Bhattacharyya (1991} have reported that the
blood glucose was significantly (P { 0.05) higher at 379C and
22%  in all crossbred groups at % days and in only Brown Swissg

animale at 19 days exposure.

Georgie et al. (1970) observed among bullocks a decreasing
trend in bhleood ¢glucose level during autumn and winkter seasons.
In Sahiwal buillocks, blood gludose fell f}om & resting value of
60.45 to .47.10 mg/100 ml against a fall from a rest value éf
27.12 to 37.90 mg per cent in crossbred after second hour of
work. Anjuli (1988) observed that 4.65 and 9.34 per cent
reduction in blood glucose in growing male crossbred cavies
working on a treadmill at different speed and gradient.

Bhatnagar (1989) reported that changes in blood glucose

decreased from pre-exercise
value of 43.4 + 1.36 mg per cent to 36.2 * 0.93 mg per cent after
30 min of exercise on treadmill. The increase of plasma glucose
concentration during work has also been observed by Teleni and
Hogan (198%). Teleni et ali. (1991) found_.bhat there were
gignificant differences between breeds in values of glucose. The

higheet concentrations of glucese were recorded in - Ongole cows
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(3.755 mM) while the lowest values were observed in Bali cows
(3.109vwwjand in between Madura cows (3.241 =), Physical
condition had a significant effect on plasma concentrations of

glucose in untrained and trained cows.
2.11.1 LACTIC ACID

During exercise, anaerobic breakdown of glycogen steadily
‘increases lactic acid concentration in muscles and blood.
Accumialation of lactic acid in muscle canses fatigue and hinders

the work performance ¢of the animasis.

Limited studies on cattle and buffaloes have revealed that
blood lactate concentrations do not increase to very high levels
and often the level remains in physiological limits. Contrary to
horses and humans where the circulating levels of lactic acid
rises to .very high levels, which develop acidosis in muscles and

affect muscle contractile process.

Normal blood lactice acid concentration varies from 5 to 15
mg per cent in cattle (Georgie, 1969:; Rao et‘al., 1974). Most
hyperlactacidemic respongses after intense muscular work have been
reported in human beings and horsges {Takahashi, 1961; Lucke and
Hall, 1980}, but lowering of blood lactate levels have also beén

reported by Astrand and Rodhal, 1970; Astrand et al., 1963).

During submaximal exercise, Ceorgie et al. (1970) observed
that crossbred bullocks do not increase blood lactate level, most
likely due to the bicarbonate buffer capacity which restricts the

elevation of lactic acid in blood.

In Haryana and crossbred bullock, increase. in lactiz acid
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levels from an initial value of 9.33 to 10.60 mg per cent to
20.30 to 23.20 mg per cent after end of ploughing, respectively

have heen ohserved during summer (Rao et al., 1%74).

Increase in blood lactic acid levels have been reported
while work in cattle and buffaloes. Upadhyay and Madan (1988)
reported wmwoderate increase in blood lactie acid levels during
work 1in different work regimes during exercise in bullecks.
Amysli  (1988) and Bhatnagar {1989) alse reported increase in
lactic acid in crossbred bullocks and cows working on treadmill.
Sreekumar and Thomas (1989} observed increase in blood lactic
acid level from 27.81 + 0.12, 30.52 + 0.45 to 40.37 + U.1% and
49.73 * 0.22, respectively in Kangayam and crossgbred. Teleni
et al. (1991) reported the sffect of working Ongole, Bali and
Madura cows and found a significant difference between breeds in
lactic acid levels (0.935, 1.040 and 1.122 mM) respectively 1in
three breeds. The mean lactate concentration in blood plasma of
Ongole was the lowest among the breeds. Maftin and Teleni (1989}

observed an increase in lactic acid in working buffalces after

different work levels.

Studies on working buffaloes have indicated that lactic acid
increase in blood and blood bicarbonate levels decreases in
response to exercise {(Rangia et al., 1978). 8Singh et al. (1936}
reported increase in laetic acid from 13.00 to 22.3 mg per cent

after 3 h of roller pulling in buffaloes during hot humid season.

2.12 EFFECT OF WORK ON FEMALE FERTILITY AND PRODUCTIVITY

The umse of cowsa for draught varies between ?ount;ies,
regions and places. An estimate of the proportion of draught

animal power derived from cows indicate that cows contribute to
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farm power in India (6.25%), Senegal (27%), Philippines (18.0%)
and Thailand (61.0%). According to the Bangladesh Bureau of
Statistics (1986), of the 11.78 wmillion draught animals in
Bangladesh, 3.4 million or 29 per cent are draught cows. Theore-
tically, c¢ow can produce draught power more efficiently than oxen
-when considering efficiency of production in individual ox and
cow or when considering the total output from oxen and cows on a

farm {Mathewman, 1984)}.

Thermal stress, particularly in a tropical environment
affect female reproduction either directly or indirectly through
a reductien in feed intake and through reproductive hormones.
The extent to which heat generated during work affects the chain
of events leading to ovulation, conception, pregnancy, fetal
development and parturition is not known clearly. Therefore, a
better understanding of the female reproductive processes is
necessary in developing management systems which will not depress
life time production in terms of calf crop and milk in a working

female.
2.13 THERMAI. STRESS aAND FERTILITY

Exposure of most animals to elevated ambient temperature
results in reduced reproductive performance, particularly in the
tropics where thermal stress prevails during most months of year.
Althcugh some of the reduced fertility can be attributed te male
infertility such as reduced libido and semen quality, much of the
infertility is due to the effect of heat stress on female
reproduction, parﬁicularly from oestrus to implantatiocon

{Jainudeen, 1976).

Thermal stress alters the length of oestrus cycle, reduce
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the duration and the intensity of oestrus, and if the stress is
severe, will reduce ancestrus in cows (Bond and McDowell, 1972).
High environmental temperature depresses fertility of cows (Stott
and wWilliams, 1962) by increasing the incidence of fertilization
failure and embryonic motility. High ambient temperatures at the
time of breeding and for 72 h thereafter had a detriméntal effect
on conception ({(Dunlop and Vincent, 1971). High atmospheric
temperature on the day of and the day after insemination was
inversely associated with fertility (Gwazdauskas et al., 1973).
An elevated temperature humidity index prior to breeding was
associated with a linear decline in fertility (Ingraham et al.,
1974)., Heat stress reduced fetal growth in late gestation and
conceptus function which may have carry over effects on lactation

and postpartum reproduction (Collier et al., 1982).

Information on the effectes of thermal stress on buffalo
reproduction is limited. During summ=2r, when ambient temperature
‘and photoperiad effects were at their maximum prolactin  level
were higheét (Kaker et al., 1982) and plasma progesterone levels
were lowest (Rac and Pandey, 1982). About 28 per cent of all
reproductive failures in over 12,000 bhuffalnes under Indian
village management were attributed to non-function ovaries,

particulariy in summer and autumn (Raco and Sreemannarayanan,

1982).

Little experimentation has been carried cut on the effect of
work on milk yield éhough there has been speculations about the
effects. In well fed animals, the effect may be negligible
{Lawrence, 1985; Munzinger, 1982; Rajapurohit, 1979) while under
other circumstances there may be a negativé _e[fect. (Kibria,.
1982; Goe, 1983; Jabbar, 1980). Rizwan-ul-Mugtadir, Ahmed and

Ahmgd, 1975}, carried out a trial in Pakistan using cows for 3 h
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a day for 3 weeks and no significan® effect on milk vyield or

composition.

Mathewman et al. (1988) studied to investigate the effect of
exercise on twelve pregnant crosshred Hereford/Friesian suckler
cows fed to requirement on a diet of known composition feor
maintenance, growth of concepta. normal exercise and lactation.
Exercise reduced milk yield, lactose vield and protein yield but
did not reduce yield of milk fat. When animals did not walk,
milk yield returned almost to three previous levels. The result
demonstrated a negative effect of work on milk vyield and
composition in animals fed to requirement, and suggest that the
supply of glucose precursors is the rmain limiting factor to milk

yield.

Mathewman (1986,1987) suggested that if animals are fed
properly. They will suffer no ill effect {i.e. loss of milk ovr
fertility) though there would be adverse effects on animals which
are poorly fed.

edal

Experiment was conducted by Agyemang,{(1991) +to see the
effect o©of work on reproduction and productive performance of
crossbred dairy cows and reported that after the end of second
lactation there were no significant differences between draught

and non-draught animals for milk production [(1.713 + 57.4
20.4

I+

compared with (vs) 1,857 #*+ 48.1 kgl, lactation length (299
vs 288 + 18,0 days), calf birth weight (29.6 + 1.0 vs 28.3 + 1.0
kg), number of days open (77 + 14.1 vs 83 1+ 12.9), calviﬁg
interval (385 + 14.5 vs 358 + 13.2 days), gestation length (2 78
+ 1.6 ws 274 + 1.4 days) and number of serviﬁe_ per conceplion

(1.21 vs 1.64}.
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The number of hours walked by each pair of crosshred cows
was sufficient to cultivate the average small holder farm of
2.5 ha., However, the work done was spread over a longer time
than that reguired by small holder farmers to cultivate 2.5 ha.
It was concinded that lew levels of work with improved feeding,
management, draught or traction do not have adverse eaffect on

reproductive and productive performance of crossbred dairy cows.

2.14 ENDOCRINE RESPONSE TO EXERCISE, HEAT AND PHOTOPERIODS

High environmental temperature depress body activities and
metabolic processes which viewed homeostatically, are biolagical
mechanism for preventing stress of over-heating. Over-heating
creates physiological stress that conld have conceivable effect
on production by promoting unfavourable endocrine balance or/and
by changing metabeclic processeas. The thyroid is involved in the
regulation of metabelic activity and its activity is augmented in
‘cold climate and suppressed in hot envirenment or work. The
generall hypofuncticn of the anterior pituitary may be major .
result of high temperature and exercise (Johmson, 1980). Through
hypothalamo~hypophyseal-gonadal axis, moat of the animals mediate

their phyaioclogical processes and respond to environment.
2.14.1 THYROID HORMONES

Muscular exercise changes the conecentration of circulating
thyroid hormone, Muscular exercise itself increases heat
production and this may militate against increasing the rate of
utilization of thyroid hormone (Larhof et al.,1954}. Bogoroch and
Timirazs (1951) studied that stressing agents which activate the
adrenals cause a loss of iodine iens into the urine and- a

decrease in the activity of iodine concentrating mechanism of the
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thyroid gland. The latter may be due to a decrease or suppression
of thyrotrophic stimulation. Irvine {1967) found that thyroxine
fractional turn over rate in race horses increased 265 per cent
after 12 weeks of physical exercise. Same worker (Irvine, 1968)
further reported that athelets had T4 degradation rates that were
75 per cent higher than value found 3 h after exercise in

sedentary controls.

Terjung and Tipton {1971} found that an increase in total T4
concentration averaging 1l per cent during exercise was
attributed mainly to hemoconcentration that was indicated in the
changes in hematocrit values. An average increase in free Ty
concentration of the 28 per cent was found during exercise with a
peak response of 35 per cent above the rontrol value. Manson
et al. (1973) found a small but conzistent increaﬁe’ in plasma
immunoreactive thyroid stimulating hormone in man, dust before
they took part in exhaustive exercise on bicycle ergometer. The
increase in mean values of 3.1 to 4.0 ul/ml was statistically
significant. The conclusion was that physiological stimuli could-

induce pituitary thyroid activity in man.

Ceralis et al. 1(1977) reported the effect of strenuous
dynamic muspular exercise on serum free thyroxine (FT4) and free
triiodaothyronine (FT3) concentration in man and obsarved a
glightly decrease in FT3 concentration. Increased free thyroxine
concentrations developed in subjects who were physically better
trained. Refsum and Stremme {(1979) reported an increase in
triiodothvronine and thyroxine concentration in serum after
prolonged heavy exercise; Bosello et al.({1983) showed that diek

and exercicse increaged thyroxine significantly.

Linited studies on cattle and buffaloes have been garried
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cut and these indicate that thyroid function is slightly
depressed in buffaloces than Friesian cows due to heat stress.
The 1131

13.75 per cent of dose in buffaloes and Friesians, respectively.

uptake per 24 h at 229C air temperature waz 10,13 and

at 35%, the respective values were 8.91 and 9.14, thus, a
reduction of only 1.22 of the dose occurred in buffaloes compared
to 4.61 per cent reduction in Friesians indicating about 1/10
reduction of activity in buffaloes as compared to 1/3 reduction
in Priesians (Kamal et al., 1972). Similarly, regponses of the
two species were also reported by Ibrahim (1968) under winter and
summer conditions {i.e. under Egyptian climatic conditions as
well as under controlled air temperature of 14.6, 29.0 and 42°C).
Mean serum content of thyroxine in summer and wintey in buffaloes
have been reported 11.16 +. 2.04 and 11.36 * 1.55 ng/mi,
regpectively. The respective values of Ty were 1.01 + 0.11 and
.85 + B.1¢ ng/ml. These seasonal changes were not significant

{Dixit et al., 1882},

Peripheral levels of testosterone and- thyroid hormone in
male buffalces, and the temporal variation have also been
reparted by Agarwal et al. (1983). Thyroid levels vary from 20
to 40 ng/ml which increase after work without a change in  ratic
between T3 and T4 throughout the work rest. Agarwal et al.
{1983) studied the circulatory levels of thyroxine and tri-
iodothyronine in blood serum of male buffalo calves from 1-2
months to till maturity. Thyreoid hormones were low at early age
but attained a peak at puberty followed by a decline at full

maturity. T4 and T3 ratio more or less constant through all

stages of development.

Khurana {1983) observed alterations in T3 and T4 values when

Haryana and crosshred bullocks were subjected to low (9 guintals)
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and high (14 quintals) load pulliny operations during hot dry and
hot humid conditions. T3 increased from 0.27 ta 0.29 ng/ml in
Haryana bullocks during hot dry conditions, when subjected Eto
pull 9 qguintals of lecad. There was a decrease in plasma Ty
concentration at 2 and 3 b after work, 1In crossbred bullocks,
the pre-treatment values changed from 0.43 ng/ml 0.20, 0.46 and
0.45 ng/ml after 1, 2 and 3 h of work. Heavy load puwiling
decreased T3 from 0.34 ng/ml to 0.22, 0.32 and 0.31 ng/ml at 1,
2 and 3 h of work, respectively in Haryana bullocks. Whereas Tj3
increased in crossbred from 0.24 ng/ml to 0.32, 0.35 and 0,35
ng/mll Under hot humid conditions, plasma T3 concentrations
varied from pretreatment. value of 1.06 ng/m! to 1.19, 1.21 and
0.97 ng/ml after 1, 2 and 3 h with high loads in Haryana
bul locks. In crossbred bullocks, the respective values changed
from 0.95 to. 1.06, 1.09 and 1.08 ng/ml after 1, 2 and 3 h

treatment.

Under hot humid conditions, the mean circulating plasma T4
values was 30.95 and 32.23 ng/mi in Haryana and c¢rosshred
bullocks, respectively. After 1, 2 and 3 h of work, the values
were 35.3%i, 30.10 and 26.84 ng/m] in Haryana and 23.11, 16.42 and

35.48 ng/ml in crossbred bulleocks, respectively.’

Under hot humid conditions, mean plasma T4 concentrations
were B0.22 and 100.07 ng/m} in Haryana and crossbred bullocks,
regpectively. Under 9 guintals loads, the pretreatment T4 values
after 1, 2 and 3 h of treatment were 76.80, 82.16 and 80.40 ng/ml
in Haryana and 73.74, 76.25 and 77.85 ng/ml in crosshred
bal locks, respectively. Alterations may be due ko heat slress
which wag existing in animals. It was argued that the -magn}tude

of work stress may play secondary role when stress wWas imposed on

the working animals.
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Khurana and Madén {1985) also ohserved that T4 levels were
negatively correlated with milk vyield in both cattle and
buffaloes, whereas correlations of Tq were positive in cattle and
negative among buffalces. The relationship belween T3 and Ty,

however, was not significant.

PBorady et al. {1987} studied the seasonal variation in
thyroid hormones and reproduction in Egyptian water buffaloes.
Anjuli (1988) reported a rise in plasma thyroxine levels of

crossbreiduring treadmill exercise.

Bhatnagarland Upadhyay (1990} studied the effect of gradient
walkipg on Ty and Ty hormones in crossbred cows. A significant
reduction in T4 level after 30 min of exercise was observed from
a pre-exercise value 45.58 * 5.13 to 28.2 * 0.60 ng/ml. Post
exercise value of T4 was 34.4 + 2.03 ng/ml after 30 min rest.
Plasma levels increased after 5 min of exercise from 0.93 + 0.12
ng/ml but with progress of exercise the value declined to 0.71 T3
0.11Ing/m1.at 30 min., During rest, the level was seen normal at

5, 15 and 30 min post exercise.

2.14.2 INSULIN

The pancreas in addition to its digestive functions secrete
two Aimportant hormones, insulin and glucagon. Insulin has been
associated with blood sugar and it has profound effects on
carbohydrate metabolism mainly related to abnormalities of fat
metabolism. Therefore, it is clear that insulin affects fat and
protein metabolism as much as it does carbohydrate metabkolism.
According to Vranic and Kawamovi (197%), strenuous exercise can
enhance the release of long acting insulin from a previcusly

injectéd subcutaneous site into the circulation or insulin bound
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te endogenous antibody may associate at an accelerated rate due

to altered kinetics that may occur during exercise.

Insulin is well recognized for ils hypoglycaemic effects.
For a long time, ruminant tissues have been considered less
sensitive to insulin than non-r uminant tissues. The increment in
plasma insulin causing 50 per cent reduction in glucese
production is 50 to 60 uU/ml (Brockman, 1983a}l whereas the
comparable value for humans is 30 uU/ml (Rizza et al., 1981},
Similarly, the rate of utilization of glucose appears ko be less
responsive to insulin in ruminant than in non-ruminant. The
concentrations of insulin in plasma are positively correlated
with food or energy intake (Bassett@®a/1971). Paradoxically,
insulin concentrations are highest in the fed state when glucose

production is gfeatest {Bergman et al., 1970).

However, in vitro studies indicate that insulin has at best-
only small effect on fatty acid syntheéis from acetate and
glucose in sheep (Vernon, 1982; Broad et al., 1963) and cattle

(Yang and Baldwin, 1973).

In lactating animals, particularly hypoglycaemic-ketonaemic
animals, insulin secretory responsces to glucose and  propionaln
are reduced (Hove, 1978; Lomax et al., 1979; Bair & et al.,
1980). The post-prandial rise in insulin is also reduced (love
and Halse, 1978) and hepatic extraction of lactate is higher than
in non-lactat?ng animalg. Thus, in lactaling- animals maximum
rates of glucéneogenesis may be attained and smaller guantities
of nutrients are taken up by muscle and fat. Mertsching (1981)
found no significant changes in insulin levels in lactating

cattle exposed to heat.
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Blum and Eichinger (1988) reported a decrease in blood
insulin levels during walking which rapidly increased

afterwards. Blood insulin was affected by work leoads.

Bhatnagar and Upadhyay (1990} studied the effect of gradient
walking on insulin level in crossbred cows. In order to know the
exercise induced insulin changes, 5ix trained lactating crossbred
cows were exarcised on treadmill at a speed of 2.5 km/h uphill
15.5° for 30 min. Mixed venous blood samples were collected at
3, 15 and 30 min post exercise. Plasma insulin declined from
7.75 + 2.03 ul/ml to 3.66 + 1.28 ul/ml after 15 min exercise but .
att 30 min the values dramatically increased to 10.25 + 2.33
ull/ml. The insulin levels did not return to normal even after 30

min post exercise. Gradient walking decreased insulin level.
2.14.23 STEROID HCHMONES

Seasonal reproduction is a physiological process thfough
which animals not only respond to climatic ~ extremes but also
manipulate the survival of the off-spring and their own well
beings. Particularly in India, where assured feed and fodder
supply is often restricted to hot humid periods, animals exhibit
such a phenomenon in a pronounced manner. During summer. in
northern India, temperature reach upto 42°C for many days during

the afterncon and 30°%¢C during the night. Day length goes upto
13-14 h.

Seagsonality in buffalo breeding has been reported (Rife,
1959; Bhattacharya et al., 1970; Roy et al., 1972). Luktuke
et al. (1973} found that buffaloes ovarirs were least aclive

during extreme climatic conditions, The important seasonal
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reproductive problems are weak or silent oestrus, and irreguolar

oestrus cycle lengths.

Heat stress has also been shown to reduce the fertility of
dairy and beef cows (Stott and Williams, 1962; Dunlgp and
Vincent, 1971; Ingraham et al., 1974; Gwazddauskas et al., 1979;
Mohammed et al., 1981; Bodinga et al., 1985; Gangwayr, 1988;
Geisert et al., 1988).

The degree of heat stress and its effect on prlasma
progesterone concentrations is influenced by the length of
exposure (Abilag}JohnEOn and Madan, 1975} and by milk production
{(Wolft-vaught et al., 1977). The concentration of progesterone
and oestradiol-17 P in the plasma of high milk vyielding dairy
cows exposed to subtropical summer conditions have been reported

{Folman et al., 1979b).
2.14.3.1 Estrogen

The most common estrogenic substance in cows is estradiol.
Two other estrogens, estrone ahd estriol are present in lesser
concentrations and are considered to be produced from estradiol
(Asdell, 1964). The theca interna cells are considered to be
source of estrogen. In addition to causiﬁg the behavioural wani-
festations of estrus, estrogens stimulate blood flow and growth
of the tubular genitalia and gonadal hormone levels during
different phases of estrus cycle around parturition in cattle and
buffaloes have appeared in previous papers and reviews
(Christensen et al., 1971: Swansen and Hafs, 1971; Nessan and
King, 1981; Prakash and Madan, 1984; Avenell et al., 1885; Yang
and Wang, 1988; Agarwal et al., 1989; Eltohamy et al., 1990). "
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The serum LH levels increased as heifers approached first
estrus (Swanson et al., 1972!) which coincided with the gradual
rise of estradiol, 3 days before estrus suggesting that
endogenous estrogen secretion increases {(Wettemann ef al., 1972).
GCarverick et al. (1974} observed a significant increase in plasma
estradiel levels from 2 days pre-partum {292.6 + 31.7 pg/ml) to
higher levels at parturition {544.3 + 63.3 pg/ml} followed by a

precipitous drop after parturition.

Studies carried out by Hunter of aj. (19703}, Edgeisl and
Johansson {19723, Hoffman et al. (1973}, Peterson ef al. (1875},
Madan et al. (1983) and Pralkash and Madan (13984! indicated that
estrogens increased at the time of appreaching parturition
reaching peak levels just before partum, and then show a sharp
decline to low wvalues immediately post-partum. However, Ediquist
et al. (19873), Arije et al. (19374) and Aygthe and Kolm (1975} are
specific to point out that under their experimental conditions
they did not observe estrogen increase with these hormone alnost
plateauing: upto term and oenly declining post partum. an
important consideration which should be taken in interpreting
their observations is the assay system, experimEﬁtal protogol,
specificity and sensitivity of the assay factors which must have
obviously contributed to tremendous variability in results,
Prakash (1983} reported a gradual rising trend in mean plasma
estradiol-17 § in cows on day 30 pre-partum Followed by an abrupt
rise in the hormone conventration to peak values by day 1 pre-

partum.

Agarwal et al. (1989} reported serum estrogen lavels in

repeat breeding cows. Blood samples ware collected from 16  cows
on day 0 (estrus), 2, 5, 9, 17 and 20 of an gestrus cycle. After

mating & cows returned Lo vestrus (repeat breeders) and 8
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conceived, In repeat breeders, blood opesiradiol ceoncentration
5.70 + 0.08, 3.60 + 0.30, 5.50 + 0.40, 3.60 * 0.30, 3.50 + 0.06
and 3.40 + 0.24 pg/ml. Corresponding figures for cows that

conceived were 9.00 + 1.50, 6.00 +.1.10, 6.50 + 1.60, 5.50 +

Bryner et al. (1990} studied the pattern of concentration of
oestradiolwl?ﬁ during an cestrus cycle. Oestradicl-~17 f during
the follicular phase differed with age (P < 0.05). 1In old cows,
an earlier mid-cycle elevation of FSH was associated with an
earlier rise and greater concentration of ocestradicl (P ¢ 0.05)

during follicular phase.

Bhatnagar and Upadhyay {1990} studied the effect of gradient
working on plasma concentration of oestrogen in working cows and
found that gradient walking in cows did not effect circulaling
level of cestrogen. The values hefore and after exercise were

10.98 + 4.11 pg/ml and 10.92 + 3.85 pg/ml.

Only a few studies have been ‘carried out in case of
buffaloes and not many are relevant Lo present study. Raoc et al.
{1978} observéd that the total and free estrogens in serum of
three buffaloes from about 60 days post-partum to 4 day§ post-
partum found individual variation in the levels of the_ estrogen
among the three animals with values ranging between 56 to 230
pg/ml at around 5! to 57 days prepartum. Although an increasing
trend .in hormone level was reported in all three buffalces from
around 2 months prepartum, the results obtained were inconsistent
and inconclusive. Concentration of estradiol-17 ), on the day of
estrus was 1%.32 + 3.75 pa/ml which declined_to reach a nadir
(5.73 + 3.68 pg/ml} on the day 2 of the cycle, it again increased
during 32 day preceding estrus and attained a peak {35,5 * 3.48
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pg/ml) a day before the onset of next estrus in eycling buffalo
heifers (Bachalaus et al., 1979), 1In addition, estradicl level
of 20.31 + 1,14 pg/ml and lower value of 8.41 pg/m! on the day of
estrus and 2 to 18 days post-partum respectively was observed by

Arora and Pandey (1982).

Avenell et al. {1985) studied the cestradiol concentration
in peripheral plasma of 13 mature Swamp buf#alo cows at 4 h
interval from 36-40 h before until 36-4¢ h after the onset of
estrus. The mean cvestradicl-17 {3 concentration lay in the range
9-13 pg/ml from 36-40 h before until 12-16 h after the onset of

estrus and within the range 7-9 pg/ml thereafter.

Madan et af. (1983} conducted an experiment on 5 buffaloes
and found that plasma cestradiol-17 ﬁ concentration increased
gradually from 71.00 * 7.79 pg/ml at 30 days before calving to
174.60 at 2 days before calviﬁg. There was a peak of 209 + 75 on
the day before calving. Concentratiocon on tl)e day of calving and
the 3 ‘subsequent days averaged 141.85 + 65.33, 42.13 + 10.27,
17.09 + 2.30 and 19.60 + 2.65 pg/ml. '

Prakash and Madan (1984) measured ocestradicl-17 3 by radio-
immuncassay in the maternal juqular venous plasma of pfegnant
buffaleoes on day 30, 15, 5, 2 and 1 pre-partum on the day of
parturition at & h intervals upto 72 h post-partum and on day 4,
6, 10, 18, 34 and B0 post-partum. The mean plasma oestradiol
level rose gradually from day 30 (71 pg/ml) to day 5 pre-partum'
(100 pg/ml) and then increased to a peak value of 209.75 pg/ml on
the day before parturition. The peak levels of the hormqne
dropped sharply over the firsi: 24-72 h post-partum and remained
low during rest of the sampling periods (20-34.2 pygiml), Kumar

and Rattan (1990) reported that plasma cestradiol-17 p level was
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comparatively high in post-natal calves, significantly low in

young calves and maximum 26.06 + 3.69 pg/ml in sexually mature

heifers.
Eltochamy et 4l. (1990) reported serum concentration of
vestradicl-17 B in buffalees, the level was maximal during pro-

estrus, while there was a relalively high voncenlration of sodium

in the ecervical mucus.
2.14.3.2 Progesterone

The ovarian hormones that have been identified with the
estrus cycle are the oestrogens and progesterone. FProgesterone
is produced mainly by the corpus luteunm. This hormone 1is
esgential for the development of the endometrium for implantation
and is necessary for the maintenance of pregnancy. From the
early post-natal stimulation of gunads by the hypothalamic and
pituitary hormone, the progestercne play .a key role in change

leading to.puberty in cattle.

ponaldson et al. (1970} observed a fluctuation in plasma
progesterone levels towards onset of puberty indicating . cyclic
ovarian activity before the first observed cestrus in heifers
with lowest concentration of 0.44 ng/ml at estrus and increased
to a maximum of 6.8 ng/ml about day 14 to 21 of cycle reaching
low level on the day of estrus. Smith et 2l. (1973) observed
that the hormone level remains high until two days pre-partum
{7.6 + 0.9 ng/ml) falling to 3.0 + 0.7 ng/m} at 1 day pre-partum
and to 0.6 + 0.1 ng/ml at parturition and remained near this

level for 9 days post-partum,

Abley et al. (1975) studied the effect of acute heat {45°c)y
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exposure an plasma progesterone response of Zebu and Highland
heifers. Plasma progesterone levels increase significantly
during exposure in Highland cattle only. The differsnces in
response between breed suggest the aclive invalvement of adreno-
ovarian functions in the heat acclimatisation process. Shin
et al. (1979) collected blood samples from 55 cows every five
days frem 30 to 5 days before calving and then daily until day of
calving. The samples were radiocimmuncassayed progesterone
concentration vranged from 5.12 to 11.70 ng/ml bebtween 30 and 5
days before calving and fell rapidly from 5.12 + 1.07 ng/ml 2
days bhefore calving to 1.48 + 0.32 ng/m! 24 h before calving.

Prakash (1983} reported a decline trend in mean plasma
progesterone, gradually from day 30 and day 2 pre-partum, the
mean values at these two days recorded by 6.32 and 2.59 ng/m} for
cows and 1.82 and 1.21 ng/ml for buffaloes raspectively. There-
after the levels fell sharply to low values at calving (P ©  0.05

ng/ml?) in both species,

Wise et al. (198B) reported the influénce of acute exposure
to thermal stress on the secretion of progesterone in lactating
dairy cows. Eight cows were maintained through the summer in a
refrigerated, air conditioned, tie stall barn, another B8 cows
were maintained in outdoor corral with access cnly to shade cows
in the two environments had similar concentration of proges-
terone. In buffaloes, relative few studies have been conducted.
Rao et al. {1978) reported progesterone concentration in three
buffaloes from around 2 months prepartum to 4 days post-partum.
The progesterone concentration varied markedly in the 3 animals
with values of 1.6, 5.5 and 2.2 ng/ml being rgcorded around 50 to
60 days pre-term. The trend observed in three animals was, also

not similar with a gradual fall in the hormone levels with minor
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fluctuations being observed from 60 days prepartum in an animal,
and high hormone levels being waintained till 4 days pre-partum
in the other two animals. No progesterone levels have been
reported in these two animals till 3 to 4 days post-partum when

lower values were recorded.

However, plasma progesterone level reflected age dependent
change occurring in the cyclic corpus luteum in buffalo cows. A
higher level of plasma progesterone 4.81 *+ 0.39 ng/ml concentra-
tion on day 13 of Lhe cycle among Murrah buffalo, heifers and
lower values of 0.14 ng/ml on the day of estrus has been observed

by Arora et al. {19279).

Rao and Pandey (1982) conducted an experiment during
different seasons and reported plasma progesterone concentrations
on day of cestrus and also in the luteal phase of cycle which
were significantly higher (P < 0,01} in the cooler (warm and

cold) seasons than in hot and dry, and hot and humid season.

Madan et al. (1983) studied anoestrus rural buffalces ana
concluded that progesterone level wisd constantly low (0.14 + 0,36
ng/ml). Jainuddin et al. (1982) reporiasd that mean concentration
of progesterone in plasma of Swamp buffaloves with or without
corpus luteum cn their ovaries was 1.49 + 0.78 and 0.14 + 0.09
ng/ml, respectively. Jain and Pandey (1983,1985) reported low
level of 0.3 + 0.1 ng/ml, With a tendency to increase with
advancing age, reaching to 0.8 * D.1 ng/ml! in the heifers
exhibiting estius at 30 months of age. Prakash and Madan (1985)
studied the periparturient plasma progesterone levels in
buffaloes. The mean plasma prégesterone concentraLion decreiased
gradually from 1.82 ng/ml on day 30 before birth to 1.21 ng’/ml on

day 2 (P ¢ 0.05) falling sharply at parturition to 0.32 ng/ml
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(P < 2,05} and remalining low upto the end of the szampling (day 50

postpartum) .

Bamualim et al. {I987) condioted an experiment on 16 non~-
pregnant bufraloes and blood samples for plasma progesterone were
taken 3 timew per week during first four weeks and laszt four
weeks of experiment, and plasma progesterone (PP} used as a
measure of ovarian activity. This was categorised as ta) negative
¢ 8.5 ng BPP/ml), (B} doubtful { ¥ 0.5 ng PP/ml) in two or mores
sanples bub not in & regular pattern, and (@) positive {if there
were  regular  changes in progesterone concentration Eypical of
noarmal ovelic ovarian gotivity)., The number of cows showing each
pattern of ovarian activity during the first and last 4 weeks of
the experiment period, respectively were 2, 3, 3 and 4, 2, 2 as

negative, doubtful, and positive respectively,

Jain {1988) studied the progestercne levels in 13 age groups
of ayeling and non-eyoling buffaleoes aﬁ& found that the proges-
tercne congentratien ranged from 8.27 + 0,07 ko 0.6 1 BTG
ng/ml, and was significantly tigher in non~cyeling heifers aged
811 and 1,260 days than in young animsls. Pregnant and naop-
pregpnant buffaloes did not differ significantly in plasma

concentration of progesterong uplo 22 davs after insemination.

Yang angd Wang (18BR) studied the poripheral piasma level of
prégaat&rane during normal and low breeding seasons  ip  Chinese
Swamp buffaloes. Blowd concentrabior of progeshtervns during the
“low" breeding season {(Pebruary-June) 0.5%3 » 0.22 agiml was
gignificantly livwer than those in the buffaloes studied gduring

the normal breeding sesason {(0.73 + 0.71 ng/wl?.

parera et al. (19891 studied the effect of supplemental
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light opn growth and progesterone level in water buffalo, Fifty
non-pregnant Surti buffalo heifers aged between 17 and 42 months
were subjected to normal day light + 4 h supplemental 1light or
natural day light {(controls) in a study in Sri Lanka. Ambient
temperature and relative humidity during the day time generally
were ¥ 27°c and RE ¢ 70 per cent, respectively. Light
supplemented heifers had 16.2 kg for controls but higher mean
pProgesterone concentration (0.41 vs 0.19 ng/ml, P < 0.06} after
6.5 weeks than control heifers. Older heifers had 39.7 per cent
greater body weight, but a net 4.3 per cent weight gain, compared
with a 10.1 per cent gain for younger heifers at 10 weeks. Older,
light supplemental heifers had higher mean progesterone
concentration (0.63 wvs 0.19 ng/ml, P ¢ ©¢.07} than the other
groups. These weight and hormonal changes suggest that 4 h
supplemental 1light can alter growth and endocrine function in

buffaloes under similar pla nes of nutrition.

8tudies in relation to effect of environmental stress or
work stress on estrogen and progesterone have not been carried
out mainly due to their limited scientific relevance as females

are limitedly used for work.
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3.1 EXPERIMENTAL ANIMALS
3.1.1 SELECTION OF ANIMALS

Apparently healthy, ten crosshred cows and ten buffaloes
were selected from the herd of National Dairy Research Institute
(NDR1), Karmal. Among these five animals were dry non-pregnant
(DNP) and other five animals were lactating non-pregnant {LNP).
The ploughing experiments were carried out on both the groups of
buffaloes and cows during summer {(hot dry) and winter (ecold
humid) . Only dry non-pregnant animals were used for carting

experiments during hot-humid season.
3.1.2 MANAGEMERT OF EXPERIMENTAL ANIMALS

All experimental animals wers maintained under identical
conditions of feeding and management. Animals were given main-
tenance ration as per NDRI schedule, and feeds and fodders were
fed depending on the availability from time to time, the main
fodders being Maize, Jowar and Berseem. All the DNP and LNP
animals were offered mainténance allowance during forenvon, but
concentrate mixture (both maintenance and production) to LNP
animals was offered at the wmilking time. The average compogition

of concentrate mixture fed to experimental animals was as

follows:
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Ingr&dient Quantity

T A — —— A ——E . ——

{kg/100 kg)

Groundnut cake 35
Barley/maize 28
Wheat bran 34
Mineral mixture 2

Common salt 1

3.1.3 TRAINING OF ANIMALS FOR PLOUGHING AND CARTING

Before sﬁbjecting the animals to actual experimental work,
all the animals were trained for ploughing and carting for 2-3
months, In the initial stages, animals were trained for earting
without . load, and subseguently these were trained for

ploughing.
3.2 ERVIRONMENTAL CONDITIONSDURING EXPERIMENTAL PERIOD

The elevation of Karnal is 250 meter ahove mean sea level,
latitude 29.43° and longitude 77°. Minimum temperature falls
near freezing point in winter and maximum goes upto 45°%c  in
summer. The annual rainfall is about 7ﬁ mm, Maximum and minimum
temperature, dry bulb and wet bulb temperature and vapour
pressure, intensity of light observed during experiments have been

presented in Table 3.1 and climograph in Fig. 3.1.

3.3 EXPERIMENTAL PROTOCOL

Both cattle and buffaloes were subjectéd to "work  of

ploughing to measure work capacity, efficiency of work and extent



Table 3.1 Climatic variables during ezperimental period

Season Tenpegature Ory buéb el bu%b Relative humidity Vapour prassure Radiat%on Light intensity
(el tenp (°C) teap [7C) (%) {onfig) {#2") {Luz)
Maz. Min. 1 Il ! 1I [ I1 I 11 1.
Winter 2097 1.4 $.50 .17 .03 4.9 42.00 5503 i.n 10,50 57 39317
01 41,03 #0937 20,96 0,86 085 +).58 .45 10,35 +0.29 19 +39.54
Sunper 16,27 .27 5.3 B0 .73 4N 67.00 34.33 16.00 13.5 504 418.18
LS9 12,36 +2.23 0 LS 245 LIS +6,0) 11,69 141 H.94 + 36 +20.93
Rainy 33,53 4,97 1.9 313 BN .97 £6.33 63,67 23.07 23.60 38 169.36
Q.03 +142 127 95 LT L0 +,67 +4,08 10,89 0,50 [ XX 112,19
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of utilization of females for work during winter and summer

conditions.
3.3.1 EXPERIMENT NO. 1 : PLOUGHING

In order to evaluate work performance and compare their work
capacity, 5 lactating non-pregnant and 5 dry non-pregnant cows
and buffaloes were subjected tc ploughing. Animals were hitched
in pair in a double neck yoke and to a desi plough. Ploughing
experinments were performed during summer and winter gn locamy scil
with 20 to 30 per cent humidity. The details of plough and ycke
usegd in the experiment have been given in Fig. 3.2. The ploughing
experiwments were carried out for a period of 2 to 3 h or till
onget of fatigue whichever was earlier. Work was discontinued,
if either of animals exhibited fatigue symptoms. The fatigue was
asgessed by the method of Upadhyay and Madan (19850h. A period of

2 h rest was given to animals and they were again used for

ploughing.

The speed of animals was measured on a speedometer attached
to plough (Phyftp. 3.1) at periodic intervals, the angle of plough
wag measured in relation to height at neck for work output
calculations. The area ploughed during forenoon work sessioen and
afternoon session were independently measured. The depth and
width of furrow was measured while ploughing. The ploughings
were made @n the locamy soil when moisture content of the soil
ranged between 22 and 28 per cent. The soil was partly conpact
under present experimental conditions. All animals were
moﬁitored in field for their physiclogical respeonses. Standard
methods were used to measure respiratory rate (nostril a?r/flank
movement), pulse rate {(coccygeal), rectal temperature tcliniéal

thermometer) and vxygen consumption. Expired air was collected
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in Douglas bag and volume and oxygen content were measured on wet
test meter and Beckman oxygen analyser. Partitioning of heat
load due to work and environment were calculated from the body
temperature changes, assuming a linear rise, as per Bell et al.
(1983). Blood samples were also collected from these animals at
specified intervals and analysed for haemoglobin (Hbh),
haematocrit (Hct), plasma volume changes { A PV}, glucose, lactic
acid (LA) and plasma free fatty acid (FFA) and triiodothyronine
{T3), thyroxine (T4}, insulin, esirogen and progesterone were
assayed. In order to guantify the effect of work from thermal
and heat load experiments during work, other non-working animals
were exposed to simijilar ambient conditions. Floughing

experiments were carried out during summer and winter seasons.
3.3.2 EXP@RIMENT NO.2 : PHYSIOLOGICAL CIRCADIAN RHYTHM STUDIES

Before and after the completion of the trial, all the
animals were monitored for the changes iﬁ physioclogical rhythms
under natural conditions. Milk samples were collected Erom éhe
lactating animals before, during and at the end of ploughing
experiment to see the effect of work on the milk yield and its

constituents, i.e. fat, protein and lactose,
3.3.3 EXPERIMENT NO. 3 : CARTING

Carting experigﬁits were carried out on 4 dry non-pregnant
buffaloes and cows,hitching them to a single animal pneumatic
tyred bullock cart. 1In order to find out an optimum work-rest
schedule, each animal was subjected to 5 and 10 gquintal cart
loads for a period of 3 h continucusly or fill fatigue onsel
whichever was earlier during hot humid periods. Thereafter,

animals were given a rest pause sufficient to bring about 73
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pér cent fecovery in their physiological reactiaons. After the
recovery, animais were again subjected, in afternocn, to same
work load tillfgnset of fatigue, After the end of second phase
of work, animale were monitored for complete recovery in
physiological reactions for a period of 24 h., All physiological,
haematoleogical, energy substrates and blood hormonal changes were

neasured in the pre~ and post-work conditions.

3.3.4 WORK OQUTPUT AND EFFICIENCY

]
Work oubkput of animals were derived on the basis of average
draught pull of 50 kg, Cos ® and speed of animal. The formula

used for calculating work output was:

Corrected draught pull (kg) % speed {m/min)
Workeut put (hp) = @ —;eccremm e e e e

The efficiency of work was dervived from work output and
energy expended based on RQ calculations (Brody, 1945). The

formulacused for efficiency calculations were:

Work output (Keal)

(a) @Qross energetic efficiency = -~oc----rme—mm—osscwsosne-
Energy expended {Kcal}

1t

(b} Net energetic efficiency

Work output {(Kcal)

— - P — Sy —— Tkt i A T e T o
S Ak b vk VI RE b AR M e e S0 MR W R m M M e e W B P e R -

Energy expended - Energy expended for maintenance (Kcal}
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3.3.5 BLOOD COLLECTION AND PROCEESING

Blood was collected by venupuncture of the right or left
Jugular wvein. Heparin (20 to 30 IU/ml}) was used as anti-
coagulant. Two ml of blood was deproteinized immediately after
collection for glucose and lactic acid determinations. Protein
free filtrate was stored in deep freeze for analysisg of glucose
and lactic acid. Remaining blecod was immediately stored in ice-
water which was subsequently transferred to the laboratory for
plasma separation by centrifugation at 3,000 rpm for 15 min in
refrigerated centrifuge for hormone assays. The plasma obtained
was stored in frozen state in deep freeze until estimation of

triiodothyronine, thyroxine, insulin, estrogen and progesterone,.
3.4 METHOD OF BLOOD ANALYSIS
3.4.1 HAEMATOLOGICAL AND ENERGY SUBSTRATES

Blood haemoglobin (Hb) was estimated by Sahli's acid hematin
method as per Cohen and Smith method (1%19) described by Hawk
(19¥1 ). Haematocrit (Hct) was measured in duplicate using micro-

capillary tubes and centrifuging them on Remi micro-haematocrit.
Plasma volume changeg during work were caleulated on the bhasls of

Vian-
Hk and Het using the methods of -Beaumont et al. (1981).

Blood glucose was estimated by the method ¢f Nelson-Somogyi
(1944) in protein free filtrate which was obtained using 1% ml of
4.5 per cent Barium hydroxide {Ba(OH);] solution, and 19 ml of 5
per cent zinc su]phaﬁe. Lactic acid was determined in blood as

per the method described by Barker and Summerson (1941).
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Free fatty. acid wag determined by the extraction method
{chloroform:heptane:methanol, 49:49%9:2) of Ship@ et al., {1980}
‘after modifying copper soap extraction method. The method used
for determination of free fatty acids in milk was standardized

Eor blood plasma.
3.4.2 METABOLIC HORMONES

The hormopes thyroxine (T4}, triicdothyronine (T3} and
insulin were estimated by radiocimmuncassay in the plasma samples
using kit= as per the standard procedure specified by Bhabha

Atomic Research Centre (BARC), Bombay.
3.4.3 GONADAL AND PINEAIL HORMONES

3.4.3.1 Progesterone

Blood plasma progesterone was analysed by sensitive, direct,
rapid radioimmunoassay procedure of Kamboj and Prakash (1992},

Briefly, the procedure was as follows.

Plasma =ampler before processing for hormone analysis' were
thawed at 37°C in a water bath and duplicate 20 ul of plasma
gsamples and plasma standardsi{containing progesterone ranging from
4 pg to 250 pg per 20 ul of hormone free plasma), 380 ul of
phosphate buffered saline (PBS: 2.68 g of KH2PO4, 8.3 g Najhr0y,
B.3 g NaCl, 0.1 g thimerscl and 1 g gelatin diaso;ved in 1,000 ml
of distilled water, pH 7.2) was added. This was fcllowed by the
addition to 100 ul of progestercne speéific antiserum {1:12,000)
and 100 ul of 3H progegsterone (101 Ci/mmol, M/s;'Radio Chemical
Centre, . Amersham, U.K.} to each tube at room temgerature. Al

thegse were then incubated for immune reaction at room temperature
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{ranging from 20° to 25°C for 2 h. Free and antisera bound

hormone was separated by the addition of 0.5 ml of freshly

prepared  cold charcoal  dextran suspengion (D.6G2587% et ival el
charcoal plus 0.0625% dextran in PBS). The tubes were then
stirred, incubated at 0°C in ice water bath for 10 min and
centrifuged at 2,000 g at 4°c for 1% min. The supernatant

containing the bound progesterone was decanted into scintillation
vials and counted in 5 ml of scintillation fluid containing 4 g
of 2,5-diphenyl-oxazole and 0.1 g of 1,4[bis~2(5-phenyloxazolyl}])

benzene in 100 ml toluene.

The sensitivity of the assay calculated on the basis of
different standard curves for progesterone in plasma was 4
pg/tube which corresponded to 0.2 ng/ml plasma with S0 per cent

binding sensitivity being 3.2 ng/ml plasma.

Intra-assay and inter-assay coefficients of wvariation for
progesterone assay in buffalo plasma samples containing 0.74 and

2.03 ng/ml were 11 and 10 per cent and 13.5 and 11.5 per cent,

respectively.

3.4.3.2 Estrogen

Estrogen in blood plasma was deltermined by RIA technigue as

described by Echternkamp et al. (1976) with some modifications.

Briefly, the procedure was as follows.

Duplicate plasma samples (1.0 ml) were placed into 15%125 mm
glass test tubes and extracted for one minqte with 5 ml of
diethyl ether. The lower agueous layer was frozen in ice salt
mixture and the upper organic layer was decanted in 12 x 100 mm

glass tubes and was evaporated to dryness in a water bath. The



61

walls of the tubes were washed with 2.0 ml diethyl ether and
dried again., The re=zidue was dissclved in 0.5 ml of 0.1 M sodium
phosphate buffer, pH 7.0 (0.1 M NagHPO4.2H20 and 0.1 M NaHHPO,4.
2H20 mixed in a proportion to give pH 7.0) containing 0.1 per
cent gelatin and and 0.1 per cent sodium azide and vortexed for
60 sec, The tubes containiné estrogen were warmed in water bath

at 40°C for 30 min to ensure complete solubilization of steroids.

After removing the tubes from Lhe water bath, 0.1 ml tracer
(10,000 cpm) was added and vortexed for 15 sec and incubated at

refrigerator temperature (4°¢) overnight.

This was :followed by the addition of 0.1 ml antisera
{1:36,000) to all tubes. The Lubes were then vortexed for 20 sec
and incubated at 40°C in water bath exactly for 30 wmin. The
tubes were then transferred to ice water to incubate for 90 min.
Five hundred ul of cold charcoal mixture of 0.625 per cent
activated charcoal (625 mg in 100 ml} and 0.0625 per cent (62.5
ng in 100 mi) dextran suspension in 0.1 M sodium phosphate buffer
pR 7.0} under constant stirring was added rapidly to each tube
{keeping the tubes and charcocal mixture in ice watert., &all the
tubes after gentle shaking were kept in ice water for 10 min.
The tubes- were then centrifuged in refrigerated centrifuge at
3,000 rpm for 10 min at 4°c. The supernatant c¢ontaining the
antiseéa bound estrogen was decanted inLo the glass scintillation
vials, Ten ml of scintillation fluid (0.1 g POPOP and 4.0 g FPO
in 1,000 mwl toluene) was poured in all the vials and tightly
caé;d. The mixture was left overnight at room temperature. The
radioactivity and  hormone concentration in each vial was
determined by the liguid scintillation counter (LKB) programmed

for microgquantitation of hormone,
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Along with unknown assay tubes, a set of tubes (each in
triplicate} containing known guantity of standard ranging between
2.5 to 640 pg in 0.1 ml sodium phosphate buffer were taken to
which 0.4 wml, of 0.1 M sodium phosphate buffer {pH 7.0) was
added. All the tubes were then processed with unknown sanple
tubes. In addition, five sets of tubes were also taken and run

along with assay as follows,

1. Three blank tubes containing 0.6 ml of 0.1 M NapyPOy buffer
(pH 7.0) and 0.1 m}! tracer (10,000 ¢pm}! to obhserve the nan-

specific binding of charcoal separation procedure.

2. Six maximum binding tubes containing 0.5 ml of 0.1 M Na)PO4
buffer (pH 7.0), 0.1 ml tracer and 0.1 ml antisera to obtain

the percentage binding of tracer by the antibody.

3. Three tubes containing 0.1 ml, tracer diluted to 1.2 ml with
0.1 M NasPog buffer (pH 7.0) to obtain total counts of
tracer added. The contents of tubes were decanted jnte-

scintillation vials directly without any charcoal addition.

4. Hecovery tubes containing known amounts of hormone
{gifferent levels, in Eriplicate). The volume was subjected
to 1 m} with charcoal stripped plasma and extracted with

diethyl ether in the same fashion as plasma samples.

5. Extraction efficiency tubes containing 0.1 ml tracer in
0.9 m! plasma and extracted with diethyl ethe; in the same
fashion as unknown plasma sample. The extracted tracer was
dissolved in 1.2 ml assay buffer like unknown samples,

decanted directly into scintillation vial and counted by

adding 10 m]l scintillation fluid.
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A1l the tubes considered for standard curve, non-specific
binding, maximum binding, recovery and extraction efficiency were
previously washed with 7 ml diethyl ether to dryness in water

bath at 40°c.
3.4.3.3 Melatonin

For determination of plasma melatonin, method of Arendt

(1975} was followed.

Melatonin tracer [N-acetyl-5-methoxy-tryptamine (3H-me1ato-
nin)] of Dupoint, USA was used which did not bind with antiserum
supplied by arendt @lBatch No. G/S/704-6483) and  antiserum
supplied by Niswender G.D.(R1055). The results for binding have
been given hefe indicating that antigen and antisera did not
bind. Therefore, RIA of melatonin could not be done in plasma

samples.
{a) Experiment 1

Different dilutions of antibody (1:8000, 1:16,000; 1:32,000}
were tried for binding with tracer using phosphate buffer - saline
of 7.1 pH, tricine buffered and EDTA-PBS buffer 0.5 wl with anti-
body . The procedure of Arendt was followed. One hundred ul of

antibody was incubated at 4°¢ for overnight, next day 0.1 ml of

tracer was added to all the tubes.

Hormone was precipitated by 0.5 ml dextran coated charcoal
and centrifuged for 10 to 12 min at 4°c "at 3,000 rpm.
Supernatant was decanted in the scintillation vials and 5 m!l
scintillation fluid was added to the vials and then counts were

taken by Beckman Instruments, Inc. LS Analyser 3H._.But hormone
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wag not precipitated by using charcoal. The results found are

given below:

Tuizhe Dilution Counts per min Distntegration

No. {cpm) per minute {(dpm)
1 Total count 7569.00 11896.00
2 {Tc) 7099.00 11067.28
3 6382.00 10222.31
4 Non-specific 9680.00 15458.61
5  binding (NSB) 9737.00 15340.44
6 Dilution 8390.00 14979.21

L I T -
7 +1:8,008 Q35 - 00 : 14636-17
8 pilution 9642.00 ' 15176.37
9 1:16,000 3694.00 15236.98
10 Dilution 9609.00 15305.03"
11 1:32,000 10397.00 16328.43

(b} Experiment 2

Same buffer {phosphate buffer saline) was used and saturated
ammenium sulphate solution was used as precipitant and other

steps were similar te as described earlier. The results obtained

were as follows.



Tube Dilutien Counts per min Disihtegration
No, {cpm) per minute (dpm)
i Total count 1067 1672.36

2 (TC) 8713 1389.09

3 Non-~specific 1175 1831.76

4 binding (NSB} 1063 1663.35

5 Dilution 1296 2018.72

6 1:8,000 1404 2170.94

7 Dilution 1197 1311.340

8 1:16,000 1384 2174.77

9 Dilution 1608 2494.79
10 1:32,400 1212 1934.64
(¢) Experiment 3

EDTA buffer was used in place of tr1c1ne,

keeping other steps similar.

Disintegration

Tube Dilution Counts per min

No. {cpm) per minute (dpm)
1 Total count 1067 1672.36
2 {(TS) 873 1389.09
3 Non-specific 1175 1831.76
4 binding (NSB) 1063 1663.35
5 Dilution 1345 2144.32
6 1:8,000 1395 2238.92
7 Dilution 1462 2306.46
B 1:16,000 1352 2130.64
9 Dilution 1482 2365.01
10 1:32,000 1448 23104.36

65

EDTA/PBS buffer
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) Experiment 4

In this attempt, tricine buffer saline was used and

precipitant was dextran coated charcoal.

Tube Dilution Counts per min Dizintegration
No. (cpm} per minute (dpm)
1 Total count 6872.00 ’ 11065.69
{(TC])

2 Dilution 511.00 819.85

3 1:8,000 448.00 , 710.68

4 Dilution 256.00 - 412.48

5 1:16,000 395.00 627.80

6 Diluticn 325.00 _ 516.49

7 1:32,000 288.00 457.30

Tricine buffer precipitated all the hormones. all these
attemptas proved futile as antiserum and tracer did not show any
binding. RIA2 of melatonin in blood plasma samples collected,

therefore, was not possible under present circumstances.

3.5 STATISTICAL ANALYSIS

The results for physiological responses were analysed for
mean, correlation coefficient and analysis of variance - as per

Snedecory and Cochran (1967},



—— ——————
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The present study aimed to explore the possibility and
extent o©f use of bovine females in farming system was conducted
on cows and buffaloeg in sﬁmmer, winter and hot humid seasons.
The results for the experiments involving ploughing in summer and
winter have been presented in Tables 4.,1.1 to 4.1.9, Figs.
4.1.5.1 to 4.1.8.7 and statistical analysis in Tables 4.1.5.2,
4.1.5.6 and 4.1.7.4. The resulis of the carting experiménts with
5 and 1D quintals loads have been presented in Tables 4.3.1 to
4.3.4.5, Figs., 4.3.1.1 to 4.3.4.5 and statistical analysis in
Tables 4.3.1.2, 4.3.1.5 and 4.3.4,2.

4.1 PLOUGHING EXPERIMENTS

Ploughing in the loam s0il was done using a weoden ploughy
Both dry non-pregnant (DNP) and lactating non-pregnant (LNP) cows
and buffaloes were used for ploughing during summer and winter
seasons. The results for work cutput, area ploughed, changes in
physiological reactions, haematological, energy .substrates and
hormones, ete. with their statistical analysis have been

presenkted in Tables 4.1.1 to 4.1.8.5.
4.1.) ‘WORK PERFORMANCE

The work performance of both dry non-pregnant buffaloes and
cows during summer and winter seasons in termS'of_draft ocutput,
speed of work during ploughing and work performed in terms of

area ploughed have been presented in Tables 4.1.1 and 4.1.2,



Table 4,1.1 Power output of DAP and IRP buffaloes during scmmer aod winter seasons

Animals Fame of Working Average Average Cost ( Corrected Sozaer Hinter
the tool width  depth  draft draft ~ -e-e- - - mremweeeane—ee
(enl {kq! {kg) {kg) Average Area Average Average  Average Area  Average Bverage
" working covered speed power varking covered speed  power
‘time {haf  (kn/h)  output  tise  [ha/  (ka/b)  owiput
(nis} 61 {hp} (eie)  § h) {hp}

DRY ROR-PREGNART

I Desi 18 | 25 0.404  22.80 53 0.252 3.2 0.59 500 0205 306 0.8
plough
11 -do- 18 1 1 0.892 2.9 & 0,199 2,60 0.4l 50 0222 36 0,49
11 -do- 18 1 15 0.882  22.05 30 g.22 151 0.55 49 19 52 040
v ~do- 18 n 15 0.897 2242 5 0.U4 LD 1.40 51 L1 usr LB
v -do- 18 3 1 .87 .42 58 0,32 % 0.49 H (222 1.6 0.8
Overall 0.89¢ 2235 51 t.262 3.1 8.4 0 LAS LB LM
average 0,004 10,08 0,02 10,030 +0.15  r0.04 0,04 20,008 #0.13 .22

LACTATIRG NOR-PREGRARY

I Desi 18 15 0,888 22.19 55 028 306 0,39 55 0,267 308 0.52
plough )

1 ~do- 18 n % 0,904 22.60 BoLa L 0 60 0.232 L8 0.8

1 -do- 18 21 % 0.888 2.0 50 0N R8T 040 S8 0.262 L8 0.5

v -do- 18 21 % 0,000  22.38 0006 AN 04S 6 L2320

¥ -do- 18 2 % 0,882 22.05 B0 07 300 0.5 § 0.132 LAt 0.8

overal} 0882 2. w0 29 04 00 LU 18 049

average W00 L0 00T e W .01 1,008 a0.08 0.0




Table 4.1,2 Power output of DRP and LNP cows during sumwer and winter seasons

doisals Mawe of Working Average Average Cost 0 Corrected Soemer - ¥inter
the too! width  depth  draft 1 T L S e
{cm} [en) ikq) {kg) Average  Area Average Average  Average Ares hverage Average
vorking covered speed power working covered speed  power
time (ba/ {(knfh)  output time {ha/ {ka/h} output

{aini 6 b) {hp) {aink 6 h) {hp)

DRY NOR-PREGRARY

I Desi 18 ) 25 0.393 12,47 3 0.289 300 0.61 % 0.2 L 0.53
plough

11 -do- 18 1 25 0.902 210 H 0.3 1.60 0.60 M 0,25 3.2 0.52
111 -do- 18 3| 25 0.893 12,34 9 0438 1.4 0.69 58 0.1 1.9 0.44

Iv ~da~ 18 2 25 0.904 22,80 ([ 0.326 1.58 1.43 5 0.8 . .

v -do- 18 )| 3 0.893 12,34 e 0.300 1.51 0.44 5 0.9 L1 0.53
Overall 0.898  2.37 9 9.350 1.4 8.57 5 0.242 .00 D.4%
average 0,062 4.0 10,03 s0.028 2032 1004 10,00 a0.01F 40,13 0,21

. LACTATIAG WOR-PREGEANT

1 Desi 8 N p4] 0.895 22,42 16 TP R | 1.1 8 0.265 3,06 0.55
plough .

Il ~do- 18 A 23 0.902 2.3 KF 0.195 %3 0.0 %033 1% 082

111 -do- - 1B il 25 0,911 .71 38 0.295 .16 0.53 0.4 00 0.50

v -de- 18 A 25 0.884 .10 3 1 L 0.56 $Ho U 3E 0

v -do- 13- ]| 25 0,902 12255 1 1.1n 1,35 0,38 5 6.2 18 0.3

Overall .89 2.4 3 0.256 .93 0.51 N 02 42 0B

average ' LA LY 3 b} 007 0,037 02 #0.06 0 #0,02 0,011 40,20 40,02
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4.1.1.1 ©Draft power, speed of work and area ploughed

The width of furrow cut by the piough was 18 c¢m and average
depth of operation was 21 em, The average draft exerted by a
pair of working bullocks while pulling a traditional plough is
about 50 kg, the corrected draft for individual working groups
and work output in terms of horse power have been given in Table
Yrtand U2 . While ploughing DNP cowg travelled at an average
speed of 3.22 + 0.21 km/h and LNP cows at an average speed of:
3.18 + 0.26 kms/h. The speeds were 2.98 + ¢.14 km/h for DNP
buffaloes and 2.96 + 0.03 km/h for LNP buffaloces.

Average area covered by DNP and LNP buffaloes were 0.262
0.03 and 0.224 + 0.12 ha/b h. The speed and area ploughed by DNP
buffaloes was more than the lactating non-pregnant buffaloes
{Table 4.1.1)}. The average workbullput of a pair of DNP and LNP
buffaloces respectively was 0.49 + 0.04 hp and 0.45 + (.03 hp.
The perfofmance of DNP animals in terms of work onkput (hp) was
more than LNP buffalioces implying that the DNP buffaloes performed
at higher rates than LNP. The areasploughed by DNP and LNP
buffaloes during winter season was 0,205 + 0.008 and 0.245
0.008 h“respecﬁively. Average speed and horse power developed by
the LNP buffaloes were 2.985 t 0.08 km/b and 0.49 + 0.01 hp during
winter season;:; the respective values for DNP buffaloes were 2.84
+ 0,13 km/b and 0,44 + 0.02 hp during summer. The average area
ploughed by DNP cows was more during summer, being 0.35 » 0.028
ha/6 h as compared to LNP cows, 0.256 + 0.832 ha/é h. Area
ploughed by DNP cows was on an average more, indicating that DRP
cows were able to travel at fast speeds and worked efficiently.

The speed and horse power developed by DNP cows during summer
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season were 3.43 + 0.32 km/h and 0.57 + 0.04 hp and by LKNP cows
were 2.93 + 0.21 km/h and 0.51 + 0.06 hp respectively.

Area covered by DNP cows during winter season was relatively
iess than their performance during summer season. The average
séeed and work ocutput during winter in DNP cows was 3.00 km/h and
0.49 + 0.021 hp (Table 4.1.2). Results cbtained during summer
and winter seasons from the DNP and LNP buffalces and cows show
Lhat cows may be able to work at a higher speed  than the
buffaloes. The cows also developed higher output than the

huffaloes.
4.1.2 ENERGETIC EFFICIENCY

Results for the experiments of ploughing for buffaloes and

cows have been presented in Tables 4,1.1 to 4.1.9,

DNP buffaloss while ploughing worked at an average rate of
0.49 + 0.94 hp and produced energy at & rate of 165 *+ 0.08 Kca#h:
These working animals were consuming TDN eguivalent to 15128 +
170.83 Kcal/déy. Since these animals were DRP, therefore, wern
offered only maintenance ration and their TDN consumption was
3.78 *+ 0.04 kg. These animals were on an average getting feed
which was sufficient to majntain their body weights. The animals
during winter worked al lower rates of 150 + 7.3 Kcal and
consumed energy in the form of TDN, 12576 + 65.24 Kcal/day. The
work output of lactalinyg non=pregnant huffaloes during summer was

154,60 + 3.25 Kcal and 160.8 + 2.4 Keal and during winter(fable Ht4).

The DNP cows during summer worked at a rate of 182.0 *+ 16.48

Kcal with a TDN intake of 3.99 kg. During winter these animals



Table 8.1.3 Enerqy expenditure and efficiency of work in cows and huffalves

Orygen (%} Corrected value Value of true  Value of true Rexptvaten  Epergey expenditure  Gross
in expended of expeaded air €02 in expanded @2 in ezpended quotient {eai/nin} energetic
air {1itres) air Qiw IRg} efficiency
------------------------------------------------------------------------------------------------ ol RQ
Before After Refors After Before &fter Before  Affer Before  afler Sefore  After basis
work vork work vork work woEX work vork vork work work vork
SPMRER
DXP cows 18,27 18,63 50,65  83.18 118 1.5 L4l 1n .84 0,81 §.82 9,41 18.58
AT T 529 SMS LS 0,06 007 005 #0330 002 B W 3
L8P covs 17,98 13.51 13,67 762 1.41 1,68 1,65 2,04 0.85  0.82 .02 9,83 17.63
| HLIE 0,08 hA0E 00 008 001 006 002 WAL S 0TY 4060 1116
DiP buffalees 17.27  18.13 .5 62 Ly 1.0% .18 .43 §.48 .45 10.569 11.45 1.52
.64 0.8 +,68 LI W45 10,58 H.47 10,62 04020 40,07 .36 4108 15.48
4P buffzloes 17.66  18.88 $3.,39  TL56 L 1w 1.0 L1 1,06 4,85 §.08 19.66 15,83
W30 022 595 .91 032 WL 038 0.3 L) S T Y ) S | 1Y | D 1 11 14,12




table &.1.4 TIntake of DN and TDX during summer and winter in cows aod buffaloes

DX intake

Body wt Body wt0,75 0¥ intake Brergy expended yorX output Gross efficiency
{kq) {kg} (kg {kg! {cal/d) {Ical} fon TDH basis)

ORP buffala - 519.60018.76 119.9112.87 1.78+0.04 10.46:0.07 15128:170.8) 165.00¢ 0,04 16.21:1.19
{summer!
DRP buffalo 566.00¢16.00 116.0042.56 1.1400.02 10.59+0.2¢ 125?51 §5.24 150,804 1.24 18.8040.00
{winter)
AP buffale 602.40431.45 [2.4414.7) 4.5640, 34 11.50+0.10 182401166.37 154,60+ 3.25 10,3420.39
{sunmer} ’
LNP beffale 605,40437.63 121.8645.73 4,370,106 1].6!10.15 [74644228.25 160,80+ 7,42 22.10+0.22
[winter) .
P cow 418.20424.43 102.64+3.93 1.3940.05 7.89+0.16 135444202, 23 132.00416.40 312.3313.02
{summer} )
DYP cou $B1.40035.85  93.3045.95 3.0110.02 9.9940.03 12032+ 96.66 159.48¢ 6.15 31.73+1.10
{winterh
LhP cow 473.60+15.92 181.41+4,09 §.22+0,04 9.5?lﬂ.ﬂ9 16872¢180.17 156.00+¢1],29 12,1743
{summer)
LNP cow 6400851 100.2940.05 - LLL040.02 10,0500.11 L6400 78,94 181.80412,34 26.61+1.84

{uinte;}
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produced lower work, i.e. 159.40 * 6.15 Kecal. Lactating non-~
pregnant cows during summer produced work eguivalent to 156 Hcal
but output during winter was higher {(181.80 Kcal). The respective
TDN consumptions were 4.20 and 4.10 kg. The enerxgetic efficiency
of work output calculated from energy expended during work as
measured from the R.Q. calculations indicated that buffalees and
cows worked at an average efficiency of 20 to 28 per cent with a
net energetic efficiency of about 38 *+ 5,00 per cent depending on
the speed and work output from individuals (Tables 4.1.3 and

4.1.4%.
4.1.3 PHYSIOLOGICAL RESPONSES

The results for effects of ploughing on physiological
reactions of cows and buffaloes and.their statistical analysis
have been presented in Tables 4.1.3.1 to 4.1.3.4 and Figs.4.1;3‘l
to 4.1.3.3,

During- present study, it was ohserved ﬁhaf the longer the
animals worked, the higher were the body temperature, heart ralte
and respiration rate (Tables 4.1.3.1 to 4.1.3.4). The reéults
for ploughing experiments during summer and winter have been

pPregented.
4.1.3.1 Respiration rate (RR)

The results for the c¢hanges in the respiration rate of DNP
and LNP cows and buffaloes as influénced by ploughing during
summer and winter have been presented in Table 4.1.5.1 and Fig.

4.1.5.1 and statistical analysis in Tables 4.1.5.2 and 4.1.5.6.



Table 4.1.5.1 Respiration rate changes in working buffaloces and cows
during summer and winter seasons

Pericds bry non-pregnant Laétating non-pregnant
 Sumer  winter  swmer Winter
BUFFALOES
B 15.40 » 1.12 9.40 + 0.68 21,60 * 3.90 11.20 + 0.37
AW 69.20 + 1.77 6£3.00 + 3.67 76.60 + 5,05 33.40 + 8.856
Rest 1 70.80 + 7.93 42.00 *+ 7.90 72,40 +12.23 24.80 + 3.42
Rest.2 59.80 + 7.99 24.40 + 0,81 66.00 +£11.97 23.00 * 3.08
Ew 79.00 *+ 6.61 72.00 + 6.79 85.60 + B.49 50.80 + 9.38
oows
BW 30.00 + 6.89 13.20 + 0.58 29.80 + 5.65 17.00 + 1.09
AR 81.60 + 8.45  86.80 + 4.47 81.00 + 7.51  61.80 + 9.82
Rest 1 71.80 + 7,21 16.80 + 1.46 67.60 + 5,48 30.20 + 3.00
Rest 2 59.40 + 3.91 15,00 + 1.12 66.40 + 5,90 20,60 + 1.47
EW 79.00 + 8.36 66.00 +10.60 92.80 + 2.81 42,20 + 8.25

The values are mean + SEM based on two replicates'on 5 animgls



Fig.Q-i-S‘].: RESPIRATION RATE IN WORKING BUFFALOES
4 COWS DURING SUMMER & WINTER
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Table 4.1,5.2 Bnalysis of varjance of physiological, haematological and biochemical parameters

Sazree of d.f Physiological fm.s.s.) Ezenatological {o.s.5.) Biochemical {m.5.5.!
variabion =000 emmescmmmmmeidcdiccnsadeoieacasvaesssEs seeecsMesseemeesdmaseweREss  Sms s ocommam—asoesRLe—danoon
RR PR RT [t pev Glucose lactic aoid
Anizals 4 526,891 8.42 10 [ 12,601 17.5022 14,9982
Seasons L 35324, 82 158,92 187,21 12.200¢ 182.41% 2.06 $2.904¢
Speries i 192.08 1067,22** 0,05 5,67+ 117.05% 109,50%¢ 108
Graups { 480.50* .42 10,3544 £.003 0.4% 44,1 11,792
Periods { 1378810 2503, 04 §9.354¢ 6,530 19.68%+ 102,964+ 943,124
Seasons r species i 173,78 .0 13,49% .25 19,554 1.1 bo.550
Seasons 1 groups l $33.12* 1,32 0,78 1.2 53,0541 0.33 10440
Seasons ¥ periods 4 1443480 .1 1.08* 0.16 L 15,384 .13t
Species 1 groups | f4.98 §24,1814 17.94¢¢ 0.0% t.4t 15,161 17,15
Species ¥ periods } §07.17* iL16 1.8 0.31 0.6l 2.28 0.73
Groups 1 periuds 4 {5¢. 98+ §9.93 .17 6.1 g.52 §.08 §.48¢
Seasons t species 1 1 524,88 169.28 0.99 0.08 £.13 5.73 65,4301
QroUPs ' '
Seasans t species 3 4 1271.82 4§.02 -0.64 0.12 0.84 2,84 ()]
periods )
Seasong ¥ groups x ¢ 118,08 17.84 g.63 .25 (.63 .95 9.65
periods '
Species 1 groups i ] 18,52 13.8% faam 0.8 .19 .52 216
periods
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Plouéhing increased respiration rate {PR) of DNP and LNP
buffaloes and cows in summer and winter. During summer. the pre-
work mean KRR of |DNP and LNP buffaloes, respeclively wore 15.40 ¢
L.12 and 21.60 + 3.90/min which increassed to 69,20 + 1.77  and
76.60 + 9.05 after work. The rest pause of 2 h after first phase
of work decreased RR to 59.80 * 7.99 and 66.00 + 11.97, Secand
phase of work raised RR to 79.00 + 6.61 and B85.60 + B8.49 in DND
and LNP buffaloes respectively over the rest pause respiration
values {Table 4.1.5.1). The increase in.RR over pre-work value
was 349.33 per cent in DNP buffaloes and 254.63 per cent in LNP
buffaloes.

The pre-work average values for RR in DRP and LNP cows
respectively were 30.00 + 6,89 and 29.80 + 5.85 during summer.
Ploughing increased RR to B1.60 + 8.45 and 81,00 + 7.51 in DNP
and 'LNP cows. The rest pause ¢f 2 h decreased RR to 27.21 and
18.02 per cent in DNP and LNP cows, respectively. The decline in
RR of DHNP was faster than LNP cows. Further work after Z h rest
raised RR to 79.00 + 8.36 and 92.80 + 2.81/min in DNP and LNP’
COWS . The magnitude of increase after second work was lower as

compared to the first work phase but the absolute average values

were higher (Table 4.1.5.1}.

During winter, the average pre-work RR values were lower
than the summer in both of the groups. Cows had higher values of
ER nol only at pre-work bhut alsc at post-work periods. The pre-
work mean values of RR were 9.40 and 11.280 in DNP and LNP
buffaloes during winter season. The rise after work was to a
mean of 63.00 + 3.67 and 53.4€ + 8.86/min in DNP and LNP
buffaloes. During rest, RR decreased to 24,40 +'0.81 and 23.00 +
3.08 in DNP and LNP buffaloes respectively. The per cent

increase after first work was 510.21 and 376.79 in DNF and LNP
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buffaloces. Second round of ploughing increased RR but the

changes were almost similar to that observed during first phase.

The pre-work values of RR during winter were 13,20 + 0.58
and 17.00 + 1.09/min in DNP and LNP cows, respectively (Table
4.1.5.1}. The respective per cent increase in RR due to work was
557.58 and 263,53 in DNP and LNP cows. The increase in RR of DNP
cows was higher than LNP cows. Two hours rest decreased RR  to
almost pre-work levels in bolh the groups of cows., Second period
of work increased RR to 66.60 + 10.60 and 42.20 + B.25/min in DNP

and LNP cows, respectively.

The correlation coefficient of RR with pulse rate (p = 0.56)
and rectal temperature (r = 0.77) indicated a significant (P ¢
0.01) correlation implying that RR is influenced by pulse rate
and rectal temperature during work. RR was negatively correlated

(P ¢ 0.01) to Hct {¥-.41) and glucose {(r =-0,33).

Analyéis of variance of RR indicates that season haa
gignificant (P ¢ 0,01) effect on the RR. RR also varied signifi-
cantly (P ¢ 0.01}) at Qifferent periods and interaction of season
X groups, season x periods, and breed x period also had

significant effect (P < 0.01) on the RR.
4.1.3.2 Pulse rate (PR}

During summer, Lhe pre-work mean PR of DNP and LNP buffaloes
were 69.60 + 2.61 and 69.80 + 3.,49/min respectively which
increased to 90.80 + 2.98 and 90.20 #+ 3.11 after work (Table
4.1.5.3)., The per cent increase of PR over pre-~work was 30.46
and 29.23 in DNP and LdP buffaloes (Fig. 4.1.5.21f The magnitude

of inerease due ta work was similar in both the groups. The rest
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of 2 h decreased pulse to 82,00 + 2.95/min in DNP buffaloes and
79.80 + 1.59/min in LNP buffaloes. Further work after rest
raised pulse to 91.40 * 1.59% and 82.80 + 3.44/min in DNP and LNP
buffaloes, respectively. During 2 h rest period, PR decreased

and exhibited almost similar changes in both the groups.

The pre-work mean values of PR during summer in DNP and LNP
cows were 77.00 # 3.90 and 73.80 ¢+ 3.23/min respectively. The
pre-work means were higher in DNP  and LRP cows than the
buffaloes during summer (Table 4.1.5.3}. The PR increased to
respective values of 92.00 + 2.94 and 91.480 + 3.87/min after
work. The magritude of increase in pulse due to work was slow in
cows than buffaloes in both fhe groups. The rest of 2 h
decreased pulse by 12.39 per cent in DNP and 14.87 per cent in
LNP from their post-work PR. The decline in PR of LNP was faster
than DNP cows. Second wark period raised PR to B6.00 + 3.11 and
97.20 + 3.38/min in DNP and LNP cows resgpectively. The magnitude
of increase in PR after second work was lower as compared teo  the

firgt work phase but the ahbsolute averayge values were higher

(Table 2.1.5.2),

During winter the pre-work mean valueg of pulse were 71.80 2
2,29 and 60.00 + 0.95/min in DNP and LNP buffaloes. The increase
in the PR due to work was Lo 89.20 # 2.81 and 81.20 : 5.20/min in
DNP and LNP buffaloes. The increase in the PR due to work was
limited to 35.33 per cent in LNP cows and 24.23 per went in DNP
Ccows, After rest, PR decreased to 74.20 + 1.74/min in DRP
buffaloes and 74.60 * 3.36 in LNP buffaloes. Second round of
ploughing increased PR to 88.40 + 3.72/min in DNP and B84.20

2.53 in LEP buffaloes.



Table 4.1.5.3 Pulse rate changes in buffaloes and cows during summer and
winter seasons

Periods Dry non-pregnant Lactating non-pregnant
Surmmer Winter Summer Winter
BUFFALOES
BwW 69.60 + 2.61 71.80 + 2.29 69.80 + 3.49 60.00 + 0.95
AW 90.80 * 2.98 89.20 + 2.81 90.20 + 3.11 81.20 + 5.20
Rest 1 43.00 + 319 g5-¢0 + 340 £0.60 + 1+ 64 71-80+ 4-10
Rest 2 G200 + Q.95  74-20 + I'H4 79-¢0 + 150 F4-fo+ 334

EW G- R0 t1{sq 8840 +3-72 §a-€6 + 349 £q-204 2-53
QOWS

BW 77.00 + 3.90  72.60 * 2.65 73.80 + 3,23 75.00 + 3,11

2w 92.00 + 2.94 92.20 + 5.06 91.40 + 3.87 98.20 : 1.02

Rest 1 86.80 + 3.43 79.40 + 3.78 86.60 + 2.83 87.00 + 2.86

Rest 2 80.60 + 1.88 72.20 + 2.50 86.00 + 1.92 83.60 + 4.12

EW 86.00 + 3.11 30.20 + 3.81 97.20 + 3,38 93.00 + 1,58

The values are the mean + SEM based on two replicates on 5 animals
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The pre-work mean values of PR during winter in DNP and LNP
cows have been presented in Table 4,1.5.3. The pre-work nean
values were 72.60 + 2.65% and 75.00 + 3.11/min in DNP and LNP
cows, respectively. Work increased pulse to an average value of
92.20 + 5.06 and 9B8.20 + 1.20/min indicating reséective increase
of 27.0 and 31.0 per cent in DNP and LNP cows. Two hours rest

decreased pulse to near normal pre-work values (Table 4.1.5.3).

The correlation coefficient analyeis of PR indicated a
significant (P < 0.01) positive correlation with PR (r = 0.56)}
and RT {r = 0.77}. PR was negatively corrélated (P < 0.01) with
Bb, Heot and glucose (r =-0.33).

Analysis of variance of PR indicates that pulse rate was
significantly affected hy season (P ¢ B.085%}, and species and
periods (P ¢ 0.01). The interaction of species x groups had also

significant (P < ¢.01) effect on the PR,
4.1.3.3 'Thermoregulatory changes

The results for changes in rectal btemparature (RTY of DNP
and LNP buffaloes and cows during summer and winter have been
presented in Table 4.1.5.4 and Fig. 4.1.5.3. The statistical
analysis in terms of correlation coefficient and analysis of

variance have been presented in Tables 4.1.5.6 and 4.1.5.2.

The rectal temperature {°Cc) of experimental animals ranged
from 37.%1 to 41.0%C during winter smeason in working cows and

buffaloes..

The rectal temperature (“c3 during summer ranged from 8.2

to 42.2°C, in buffaloes and 38.7 to 42.1°C in cows with a pre-



Table 4.1.5.4 Rectal temperature (“C) changes in working buffaloes and
cows during summer and winter seasons

Pericds Dry non-pregnant Lactating non-pregnant
Surnmer winter—__ i Suner Winter B
BUFFALOES
B 38.50 + 0.15 37.41 + 0.13 38.16 *+ 0.15 37.78 + 0.10
AW 41.0) + 0.25 40.36 + 0.28 40.78 + 0.14 40.32 + 0.19
Rest 1 40.55 + 0,38 39.76 *+ 0.23 40.56 + 0.17 39.90 + 0.18
Rest 2 40.15 * 0.47 39.39 + 0.18 39.9§ + 0.19 39.10 + 0.19
W 40.56 + 0.37  40.12 + 0.19 40.64 + 0.28 39,75 + 0.20
QWS
BW 39.11 + 0.06 37.92 + 0.14 39.13 + 0,21 38.20 + 0.07
AW 40.83 + 0.23 39.62 + 0.07 41.2%9 + €.15 40.13 + 0.19
Rest 1 40.21 + 0.09 38.88 + 0.06 41.09 + 0.14 39.49 + 0.14
Rest 2 39.79 + 0.17 35.59 + 0.14 40.94 + 0.12 39.04 + 0.09
AE 40,69 + 0.27 39.40 + 0.08 41.78 + 0.11 39.74 + 0.15
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Table 4.1.5.6 Overall correlation coefficient between RR, PR, RT, Bb, PCY, gqlucose
and lactic acid during ploughing experiment

Parameter RR PR RT b Hele Glucoge Lactic
acid

Respiration 1.00
rate/nin

Pulgefnin 6.56'  1.00

Rectal teop, p.aTee Q.61 1,00
tc)

baemoglobin  -0.4%% -0.40%* -0.49* 1.00

{3}

Bzenatocrit  -0,55¢t -D.5001 -0.58%* O0.83t¢ 1.00

%)

Glucose -0.32t0 0,390 -0, 2000 (22t Q) 2ptH 1.0¢
{ngful} '

Lactie acid g.4Bet [, G7te Q5740 0,284 0,33 -0, 31! 1.0
{pofzl}

e 001y P DS



75

exercigse mean of 39.11 + 0.06°C and@ 39.13 + 0,21%, During
summer, the reapective pre-work mean RT of DNP and LNP buffaloes
were 38.50 + 0.15 and 38.16 + 0.15E)respectively. Work increased
RT of DNP and LNP buffaloes and cows in summer and winter
‘Seasons. The RT after work increased to 41.01 * 0.25% and
40.78 = 0.14°C in DNP and LNP buffaloes. The increase in RT due
to work was 2.51°%C and 2.62°% in LNF and DNP buffaloes,
respectively. The average heat storage in DNP and LNP buffaloes
during summer respectively wgg 73.15 + 7.09 and 73.50 +* 5.36
kJ/min after first phase of work, Rest pause of 1 h had neo
effect on the RT and RT remained almost at same levels in most
animals, but rest period of 2 h decreased RT to 40,15 + 0.47 and
39.9% + 0.19°C in DNP and LNP buffaloes. Two hours of rest was
not sufficient to bring down the body temperature in summer.
Further work after rest raiscd RT to 40.56 1 0.37°¢c and 40.64 v
0.28°C in DNP and LNP buffaloes, respectively. The heat storage
in terms of kJ/min were 78.37 + 10.59 and-67.44 + 5,24 in DNP and

LNP buffalces after second phase of work.

The pre-work mearn values of RT during summer in DNP and LNP
cows were 39.11 + 0.06 and 39.13 + 0.21 respectively. The
avérage initial RT was almost similar & both the groups (Tablﬁ
4.1.5.4) as compared to RT of DNP and LNP. After.work, the RT of
DNP and LNP cows in sunmer increasced to 40.83 ¢ 0.23% and  41.29
+ 0.15°C respectively. The incre%? in RT over pre-work values
was 1.72 and 2.16°C in DNP and LNP cows and the heat storage of
these animals weag~ 44.67 + 2.43 and 56.77 + 3.61 kJd/min during
summer seascon. The rest period of 1 h resulted in lowering of RT
of DNP and LNP cows to 40.21 + 0.09 and@ 41.0% : 0.14%C,
respectively. After another hour of rest, the decliné in RT of
DNP cows was much greater than the LNP cows ‘heing 39.79 + 0.17

and 40.94 + 0.12°C. The RT of LNP cows remained markedly higher
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than the DNP cows being at the levels of 44.78 + 0.11 and 40.69 *
0.27 respectively. The heat storage after second phase of work
was higher (69.92 + 6.7B kJ/min} in LNP than in DNP cows (43.04 +
8.23 kJ/min).

During winter, the mean RT of DNP and LNP buffaloes was less
than the summer RT and remained at lower levels after work.
After 1 h of rest, the mean RT of DNP and LNP buffaloes was 39.76
* 0.23 and 39.90 + 0.18°C respectively. Another h of rest
decreased RT in both the groups. At the end of the work, the
mean RT values were 40.12 + 0.19 and 39.75 + 0.020 in DNP and LNP
buffaloves, respectively. The increment in RT over pre-work
levels was 2.71°C in DNP and 1.97°C in LNP buffaloes during
winter after séccnd phase of work. The heat storage in DNP was
higher (88.32 1 3.94 kJ/min} as compared o LNP {71.76 1+ 9,40
kI3/min) buffalcoes. When heat loads were partioned to eliminate
effacts of ambient conditions, heat storage due to work effects.
was 53.61' %+ 0.36 kJ/min in DNP cows and 102,03 + 46.72 kJ/min 'in
DNP buffaloes. The respective figures for heat loads in  LNP
cattle and buffaloes due to work were 136,98 + 77.78 kJ/mand
1G5.60 k?&during summer. The heat loads during winter wére lower

than observed during summer in cows and buffaloes.

In winter, the mean RT of DNP and LNP cows were 37.92 + 0.14
and 38.20 + 0.07°C respectively. The increase in RT of the two
groups was 1.70 and 1.93% after first phase of work in DNP and
LNP cows respectively. The heat stored by the DNP cows was lower
46.19 + 6.48 kJ/min than heat stored by ENP 52.19 * 5.72 kJ/min
during winter season. After 2 h of rest, the mean éec}ine in RT
of DNP and LNP cows was 1.28 and 1.03°C which increased by 2.66%
and 1.09°C at the end of the work in DNP and LNP cows

respectively.



Table 4.1.5.5 Heat storage (kJI/min) by working DNP and LNP buffaloes and
cows during different seasons

Body weight Summer Body weight Winter
(kg) e (kg) o
I 1I I 1I
BUFFALOES
DNP
572.4 73.15 80.05 566.0 96.31 B8.32
+17.7 +7.09 +0,36 +17.0 +6.07 +3.94
NP
587.2 73.50 : 67.47 619.4 62.10 71.76
+34.9 +5.36 +5.24 +36.7 +10.07 +9,00
oaows
DNP
469.0 44.67 43.04 464.4  46.19 40.35
#32.1 *2.43 +8.23 ' #35,2° +6.48 +6.82
NP
457.6 56.77 69.92 462.0 52.19 40.54
+19.9 +3.61 +6.78 +21.2 +5,72 +2.59

The values are the mean + SEM based on two replicates on 5 animals

Heat storage (kJ/min) by DNP cows and buffaloes at loads I and II

Body Suaner Body Winter
weight — ————————————— weight -~ - e
(kg} Load T Load IX {kg) Load I Load II

I 11 1 11 I ix I 11

569.3 102.15 103.48 87.37 72.17 449.5 62.06 66.81 47.332 55,17
+13.8 +16.37 + 9.79 #11.56 +1€.07 +32.9 +8.63 +7.20 +11.32 +10.76

The values are the means + SEM bagsed on two replicates on 4 animals
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The fluctuwations in RT were highly correlated Lo RR {(r =
0.77) and PR (r = 0.61) in both rows and buffalves (P < 0.013).

Similarly, positive correlation {(0.57) was recaorded between RT

and lactic acid rcorrelation (P ¢ 0,01}, RT was negatively
correlated to Hb in the blood (¥ = -0.15}), Highly =ignificant
negative correlation was noted between RT and Hcot (r = =-0.43).

Similar trend was noted for glucose alsa.
4.1.4 HAEMATOLOGY

The results for haematolegy in terms of haemoglobin and
haematocrit for DNP and LNP buffaloes and cows during summer and
winter, their analysis have been presented in Tables 4.1.61 and
4.1.6,2, Figs. 4.1.6.1 and 4.1.6,2 and their statistical
analysig in Tables 4.1.5.2 and 4.1.5.6.

4.1.4.1 HAEMOGLOBIN

The regults for haemocglabin {(Hb) content of bloed for
different groups and seasons are presented in Fig. 4.1.6.1, Table

4.1.6.1 and statistical analysis in Tables 4.1.5.2 and 4.1.5.6.

Ploughing slighty decreased haemoglobin (Hb} content in DNP
and LNP buffaloes and cows. During summer, the pre-wark mean Rb
content of DNP and LNP buffaloes respectively were 11.98 ¢+ 0.16
and 11.66 *+ 0.19 per c¢ent, The decrease in Hb content occurred
dug to work and the mean values were 11,62 * .07 and 11.2 *
0.19 per cent, respectively for DNp and LNP huffaloes. The rest
pause of 2 h#gs not enough to bring back the Hb content to normal
levels. Ancther period of work after rest further decreased Hb

in LNP and DNP buffaloces during summer season (Table 4.1.6.113.



Table 4.1.6.1 Haemoglobin {g %) changes in working buffaloes and cows
during summer and winter seasons

Periods Dry non-pregnant Lactating non-pregnant

) Summe:r: —*;@inter Summer Win;;;___-

BUFFALOES
B 11.98 + 0.16 12.00 + 0.20 11.66 *+ 0.19 12.20 + 0.13
an 11.62 + 0.07 11.34 *+ 0.29 11.26 + 0.19 11.16 * 0.27
Rest 1 11.24 + 0.23 11.18 * 0.35 11.10 + 0.21 11.42 1 0.26
Rest 2 11.30 + 0,29 10.76 + 0.45 11.16 + 0.22 11.58 + 0.23
EW 10.40 + 0.14 10.60 + 0.37 10.60 + 0.17 10,74 « 0.22
6.0 13

W 10.88 + 0.20 11.70 + 0.32 10.94 + 0.28 10.72 + 0.19
AW 10.52 *+ 0.21 11.26 + .33 10.32 + 0.35 11.06 + 0.40
Rest 1 1¢.38 + 0.21 11.12 + 0.36 10.08 + 0.43 11.48 + 0.30
Rest 2 10.50 + 0.91 11.24 + 0.37 10.22 + 0.50 11.54 + 0.32
24 9.96 + 0.13 10.72 + 0.450 9.88 + 0.43 1¢.84 + 0.34

The values are the mean + SEM

based on two replicates on 5 animals
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The pre-work mnean values of b in DNP and LNP buffaloes
during winter seasop were 12.00 ¢ 0.20 and 12,20 + 0.13 o per
cent. The mean Hb ¢ontent during winler was higher thanp summer
in both the groups of buffaloes {Table 4.1.6.1) which decreased
to 11.34 + 0.29 and 11.16 t+ 0.27 per cenk in DNP and LNP
buffaloes after work. The rest pause of 2 h slightly increased
the Hb content and mean values were 11.58 + 0.23 in LNP
buffaloeg, but in case of DNP buffaloes the trend was reverse.
The absolute mean values of Hb content after second pause of work

wags slightly higher during winter season than summer season in

both the groups of buffalces.

The pre-work mean values of Bb in cows in both of the
groups, i.e., DNP and LNP during summer and winter were slightly
lower than buffaloes. The pre-work mean values of Hb during
summer were 10.88 3 6.20 and 10.94 *+ 0.28 g per cent in DNP and
LNP cows, respectively. Ploughing decreased Hb to 10.52 + 0.21
and 10.32 * 0.35 g per cent in DNP and LNP cows. After 2 h rest
pause, the Hb further decreased to the level of 18.50 + 0.19 in
DNP and 10.22 + .50 g in LNP cows, respectively. Hb in working
DNP and LNP cows further decreased, due to second pause,bf work,

to 9.96 *+ 0.13 and 9.88 + 0.43 g in DNp and LNP cows.

The mean Hb content during winter was higher than summer
season in both o the groups of cows. The pre-work mean values
were 11.70 + ©0.32 and 11.72 + 0.1% g in DNF and LNP cows,
respectively, which decreased to 11.26 + 0.33 and 11.06 * 0.40 g
after work in DNP and LNP cows. Rest pause of 2 h increased Hb
levels to 11.54 g in LNP cows but in DNP cows the HB decreased
slightly to 11.24 + 0.37 g. Further work éfter ‘rest  pause
decreased Hb to 10.72 + 0.45 and 10.84 * 6.34 g per cent in DNP

and LNP cows. Statistical analysis in terms of analysis of
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variance shows that Hb varied significantly (P ¢ 0.01) among
gseasong, groups, species and periods and interaction of seasong x
speciea also had significant efferci on  ih. Hb  exhibilbed o
negative correlation (P < 0.01) with RR {r = ~0.49}, PR (r =
~0.50) and RT (r = -0.49).

4.1.4.2 Haematocrit

The results for the effects of work on haematocrit {(Hct) of
cows and buffaloes during summer and winter have been presented
in Table 4.1.6.2, Fig. 4.1.6.2 and statsitical analysis in terms
of correlation coefficient and analysis of variance in Tables

4,1.5.6 and 4.1.5.2.

Ploughing decreased Heol of DNP and LNP bhuffaloes and cows
during summer and winter. During summer, the pre-work mean Hct
of DNP and LNP buffalces resgpectively were 35.60 + 0.75 and 35.20
* 0.66 which dgcreased to 34.20 + 0,37 aﬁd 33.40 0.81 after
work. Thé Hot decreased in DNP and LNP buffaloes after 2 h reét
to 32.40. Further work decreased Hcot to 31.60 + G.60 and 30.80 =
8.58 in DNP and LNP buffaloes, respectively.

During summer, the pre-work mean values for Het in DNP  and
LNP cows were lower than in buffaloes. The pre-wurk mean iict for
DNP and LNP cows during summer were 34.00 + 0.55 and 32.20 * 0.66
per cent, respectively. The rest pauvuse of 2 h helped in
regaining of‘Hct to the original levels of 32.00 + 0.32 and 29.80
+ 1.11 in DNP and LNP cows. Work after rest further lowered Het
to 29.20 + 0.66 and 28.80 + 0.97, respectively in DNP and LNP

cows during summer.



Table 4.1.6.2 Haematocrit (%) changes in working buffaloes and cows during
surmer and winter seasons

Pericds Dry non-pregnant Lactating non-pregnant
Summer - Winter . Surmer Winter o
BUFFALOES
BW 35.60 + 0.75 36.20 + 0.66 35.2¢ * D.66 36.60 * 0,51
AW 34.20 + 0,37 34,20 + 1.07 33.40 + Q.81 34.2¢ + (.58
Rest 1 33.20 + 0.B6 33.60 + 0.8B1 32.20 + 0.66 34.80 + 0.80
Rest 2 32.40 + 0.65 35.00 + 1.67 32.40 + 0.68 35.20 + Q.58
EW 31.60 + 0.60 32.20 * 0.66 30.80 + 0.58 33.00 + 0.63
COWS
BW 34.00 + 0.55 35.20 + D.66 32.20 + 0.66 36.00 + 0.45
AW 31.60 + 0.81 32.80 + 0.86 30.40 + 0.81 33.60 i 0.40
Rest 1 31.20 + 0.73 32.40 + 0,98 29.60 + 0.67 34,40 + 0.93
Rest. 2 32.00 + 0.32 32.80 + 0.97 29.80 + 1.11 34.40 + 0.81
EW 29.20 + 0.66 31.20 + 0.80 28.80 + 0.97 32.20 + 0.66

The values are the mean + SEM based on two replicates on 5 anirals
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The pre-worﬁ mean values of Het were higher in buffaloes
during winter than summer. The initial values of Hot were 36.20
+ 0.66 and 36.60 + 0.531 in DNP and LNP buffalowes, Ploughing
decreased Hct to 34.20 + 1.07 and 34.20 + 0.58 per cent in DNP
and LNP buffaloes. The Hct remained at these low levels even
after 2 h of rest period. Further work decreased the Het to
lower values of 32.20 *+ 0.66 in DNP and 38.80 + 0.68 in Lunp

buffaloes, respectively.

The pre-work mean values of Hct during winter were 35.20 +
0.66 and 36.00 *+ 0.45 in DNP and LNP cows. Ploughing decreased
Het to 32.8¢C

I+

0.86 and 33.60 + 0.40 in DNP and LNP cows,
respectively. Het remained at thege levels even afker a rest
pause of 2 h. Hct decreased to 31.20 * 0.80 and 32.20 + 0.66 per
cent in DNP and LNP cows after second pause of work. Analysis of
variance showed that Hct differ significantly between animals,

seasons, periods and interaction of seasons x species and seasons

X ¢groups also have significant effect. -‘Hct showed a negative
correlaticon with RR (r = -0.5%), PR (r = -0.50) and RT (r - =
-0.58). |

4,1.4.3 Plasma wvolume changes

Il

The results for the plasma volume changes in DNP and LNP
buffaloes and cows during summer and winter, after first and

second period of work have been presented in Table 4.1.6.3.

The plasma volume changes in LNP buffaleces was pronounced
than DNP buffaloes during summer. ‘The plasma volume changed due
to work to a mean value of 5.99 + 1.10 per cent in DNP and 6.34 +
0.96 per cent in LNP buffaloes. The mean values "of plasma

changes were 22.92 + 1,90 and 20.39 + 4.18 per cent in DNP and



Table 4.1.6.3 Plasma volume éhanges (%) in working animals during
ploughing and carting experiments

Periods Dry non-pregnant Lactating non-pregnant
between _—
Summer Winter Summer Winteyr
BUFFALOES
* BW-AW 5.99 + 1.10 9.39 + 2.97 6.34 + 0.96 13.59 + 3,62
BE-EW 22.93 + 1.90 20.86 + 4.04 17.57 + 2.39 20.39 + 4.18
QoS
Bw-aAwW 7.23 + 1.70 7.33 + 0.88 8.79 + 1.73 10.35 * 3.11
BE-AW 16.00 + 2.80 14.17 + 2.56 16.72 1 3.36 14.88 +« 3.28
Periods ‘Dry non-pregnant Lactating non-pregnant
5 gtls 10 gtls 5 qtls 10 gtls
BE-AE 10.57 + 1.34 8.57 + 1.05 10.58 + 1,28 8.90 + 2.85
BE-EW 21.05 + 5.08 10.44 + 2.57 15.33 + 2.81 13.30 + 2.80
BE—last‘ 7.62 + 4,12 10,33 + 0.10 11.27 *+ 2.79 4.69 + 0.63
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LNF buffalices during winter. Plasma wvolume changes in LNP
buffaloes and cows during summer and winter were more as compared

to DNP buffalces and cows (Table 4.1.5.3}.

The mean plasma volume change in DNP cows, during summer
after first phase of work, was 7.23 3 1.70 per cent and 8.79 =+
1.73 per cent. Changes in plasma volume after second period of
work were 16.00 + 2.80 and 16.72 per cent in DNP and LNP cows
durind summer season. PostZre st work effects were more prominent
in plasma volume. The mean plasma volume changes in DNP and LNP
buffaloes during winter were to the levels of 9.39 + 2.97 and
_13.59 Y 3.62 per cent, respectively. After a rest periad of 2 h,
plasma  volume was still higher than the pre-work levels and
further work, after rest, elevated the plasma volume to 20.86 :.

4.04 in DNP and 20.39 per cent in LNP buffaloes.

After first round of work, the plasma valume change was 7.33
+ 0.B8 per cent and 18.35 + 3.11 per cent in DNP and LNP cows

during winter season.
4.1.5 ENERGY SURBSTRATES

The results for energy substrates and their statistical
analysis have been presented in Tables 4.1.7.1 to 4.1.7.3 and

Figg. 4.1.7.1 t¢ 4.1.7.3,
4.1.5.1 Blood glucose

The glucose concentration before onset of work showed much
variations in both buffaloes and cows. The results for the
changes in the glucose concentrations of DNP and LNP buffaloes

and cows during summer and winLer have been presented in Table
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4.1.7.1 and Fig. 4.1.7.1. The statistical analysis also
presented in Tables 4.1.5.2 and 4.1.5.6.

Due to ploughing., a slight decrease in the glucose concen-
tration was observed in all the working animals during beth the
seasons. The per cent change in blood glucose concentration due
to work was less (-2,81%) in DNP buffaloes during summer than
{-12.23%) in LNP cows during winter season, These changes
indicate only a minor decline in glucose levels due to work in

buffaloes.

The pre-work mean glucose concentrations of DNP and LNP
buffaloes during sumner were 42.42 + 0.87 and 42.86 + 0.33 mg
respectively which decreased to 41.23 + 0.89% and 41.80 + 0.25 ng
after work. After 1 h of rest, the glucose concentration remained
almost similar to that observed after work, but further rest 6[
1 h increased the glucose to 42.26 + 0.68 and 42.42 + 0.29 mg per
cent in DNP and LNP buffaloes. The increase in glucose was b?
2,50 and 1.51 per cent during summer in DNP and LNP buffaloces due
to rest pause of 2 h. Further work after rest  decreased blood
glucose to 39.16 *+ 0.50 and 39,92 + 0.32 mg per cent in DNP and

LNP buffaloes.

Ploughing decreased the glucose concentration of DNP and LNP
cows during summer. During summer, the pre-work mean values of
blood glucose in DNP and LNP cows were 41.4% + 0.59 and 42.09 *
.25 mg/100 ml of blood, respectively. The decrease in glucase
concentration was to levels of 39.84 + 0.20 and 41.05 + 0.25 due
to ploughing work. Rest pause of 2 h increased glucose conrcen-
tration to 40.57 + 0.39% and 42.07 : 0.12 myg pér cent in DNP and
LKNP cows, respectively. Further work, after rest pause,

decreased glucose levels to 37.56 + 0.35 and 39.22 mg per cent in



Table 4.1.7.1 Glucose (mg/l100 ml) changes in working buffaloes and cows
during summer and winter seasons

Periods Dry non-pregnant Lactating non-pregnank
“-Sunne;— Winter ” S;;?er Winter
. BUFFALDES
BW 42.42 + Q.87 43.68 + 0.21 42.86 + 0.33 43,82 + 0.37
AW 41.23 + 0.89 40.75 + 0.70 41.80 + 0.25 39.63 + 0.47
Rest 1 - 41.23 + 0.82 41.19 + 0.46 41.86 + 0.15 - 41.63 + 1.34
Rest 2 42.26 + Q.68 44.57 + (.98 42.43 + 0,29 45.07 + 1.21
EW 39.16 + 0.50 38.38 + 0.66 - 39.93 + 0,32 38.21 + 1.23
OOWS

B 41.49 « 0.39% 40.63 + 0.35 42,09 + 0.25 43,69 + (.60
AW 39.84 + 0.20 36.66 + 0.29 41.05 + 0.25 39,38 + 1.50
Rest 1 39.33 + 0.70 39.32 + 0.19 40.98 + 0.31 40.63 + 1.07
Rest 2 40.57 + 0.39 40.43 + 0.31 42.07 + 0.12 42,45 + 0.90
EW 37.36 * 0.35 36.76 + 0.43 39.22 + 0.37 38.38 + 0.98

The values are the mean + SEM based on two replicates on 5 animals
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DNP and LNP cows, respectively. The decrease over pre-work

accounted for 9.47 and 6.82 per cent in DNP and LNP cows.

Puring winter, the mean glucose concentration was higher,
being 43.68 + 0.21 and 43.82 * 0.37 mg per cent in DNP and LNP
buffaloees. The glucose levels dropped by 9.37 and 13.73 per cent
in DNP and LNP buffaloes, these changes were higher than the
éhanges observed during summer under identical conditions.
During winter, 2 h rest pause returned the gluccse levels to
normal values. Further work, after rest pause, lowered glucose
concentrations to 38.38 4 0.66 and 38.21 + 1.23 mg per cent,
respectively in DNP and LNP buffaloes.

Correlation coefficient of glucose with other parameters
revealed that glucose was significantly (P ¢ 0.01) negatively
correlated to RR (r = -0.33), PR (r = -0.3%), RT (r = -0.29) and
positively correlated (P ¢ 0.01) to Hb (0.52} and Het (0.39).

Analysis wof variance show that .glucose significantly
differed (P < 0.01} betweenl animals, species, groups and
different Aintervals. Interactions of seasons x periods and
species x groups had also significantly effected (P < 0.01) the

glucose levels.
4.1.%.2 Lactic acid

The average blood lactic acid levels during different
seasons and in DNP and LNP huffaloes and cows have been
represented graphically (Fi§.4.1.7.2) and alse presenfed in Table
4.1.7.2. The statistical analysis is presented in Tables 4.1.5.2

and 4.1.5.6.
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Table 4.1.7.2 Iactic acid (mg/100 ml) changes in buffaloes and cows
during summer and winter seasons

Periods Dry non-pregnant Lactating non—-pregnant

" summer winter . sumer Winter

BUFFALOES -
B 11.07 + 0.46 12.02 * (.32 11.67 + 0.30 12.22 + 0.58
AW 20.78 + 0.60 24.12 + 0.55 24.84 + 0.33 25.73 + 1.48
Rest 1 18.47 + 0;77 21.59 + 0.55 22.35 + 0.58 23.28 + 0.79
Rest 2 16.35 + 0.61 18.53 + 0,91 19.49 + 0.49 20.50 1+ 0.68
EW 19.30 + 0.4]1 23.27 + 0.72 '22.?5 +0.29 26.14 * 1.03
CoWs

BW 12.53 + 0.48 11.78 + 0.23 11.86 + 0.32 13,11 + D.67
AW 24.95 + 1.05 23.40 + 0.28 24.03 + 0.51 25.08 + 0.73
Rest 1 22.35 + 0.84 19.79.1 0.22 20.85 + 0.58 23.00 + 0.28
Rest 2 19.86 + 0,98 17.19 + 0.14 18.73 + 0.73 19.46 + 0.55
EW : 23.68 + 0.82 22.35 + 0.17 23.06 + 0.36 25.01 + Q.16

The values are the mean + SEM based on two replicates on 5 animals
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Lactic acid concentration increased due to ploughing during
different seasons in buffaloues and cows, however, the changes in

LA were not uniform at different periods of work.

The pre-work mean lactic acid content in DNPF and LNP
buffaloez during summer were 11.07 + 0.46 and 11.67 + 0.30 mg.
respectively. The inerease in mean lactic acid was observed
after first period of work te 20.78 + 0.60 and 24.84 + 0.33 ng
per cent (Table 4.1.7.2). This increase in the lactic acid was
87.71 and 112.85 per cent over pre-work values in DNP and LNP
buffaloes, respectively. The rest pause of 2 h decreased lactic
acid to 16.35 + 0.61 mg in DNP and 19.49 + 0.49 mg in LNP
buffaloes. Two hours of rest was not sufficient to bring back
the LA to normal pre-work levels. Further work, after rest,
increased LA to 19.30 + 0,41 and 22.85 + 0.29 mg in DNP and LNP
buffalogs. The pre-work mean laclic acid conbtents during summer
in c<owg were 12.53 + 0.48 and 11.86 + 0.342 mg which increased
due to work to 24.95 + 1.05 and 24.03 + 0.51 mg per cent in DNP
and LNP ‘cows. The rest pause decreased lactic acid levels by
25.63 and 28.30 per cent in DNP and LNP cows. FPFurther work after
2 h rest increased the lactic acid content te 23.68 + 0.82 and

23.06 *+ 0.36 mg in DNP and LNDP cows, respectively.

The pre-work mean values of LA in DNP and LNP buffaloes
during winter were 12.02 + .32 apnd 12.22 r 8.58 mg, ploughing
increased these levels to 24.12 + 0.55 and 25.73 + 1.48 wmy per
cent (Table 4.1.7.2). During rest, the lactic acid decreased to
21.59 + 0.55 and 23.28 + 0.79 mg after 1 h rest and 18.53 + 0.91
and 20.50 + 0.68 mg per cent after 2 h of rest in DNE and LNP
respectively. Further work raised lactic acid copntent to 23.27 +

0.72 and 26.14 + 1.03 mg per cent in DNP and LNP Cows .
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The pre-work mean lactic acid contents during winter in DNP
and LNP cows were 11.78 + 0.23 and 13.11 + 0.67 mg per cent. The
ploughing for a mean duration of 1.23 h increased lactic acid
levels to 23.40 + 0.28 mg in DNP cows. LNP cows travelled to a
mean duration of 1.17 h and exhibited a similar change in lactic
acid. A rest pause of 2 h decreased lactic acid content by 36.13
and 28.80 per cent in DNP and LNP cows. Work after 2 h rest
further increased the lactic acid content to 22.35 + 0.17 and

25.01 * 0.16 mg in DNP and LNP cows {Table 4.1.7.2).

Analysis of variance of data on lactic acid revealed that
values for lactic acid significantly differed (P 7 0.01}) between
animals, seasons, groups anhd due to periods of sampling.
Interactions of seasons x species, species x groups and seasons X
species x pericds also had significant (P ¢ 0.01) effect on

lactic acid.

Correlation of lactic acid with other parameters indicated

that lactic acid had a positive correlation (P 7 0.01) with RR

(r = 0.48), PR (r = 0.57), RT {r = 0.57} and was negatively
coryelated (P ¢ 0.01} with #b {(r = ~0.40), HBect {r = =-0.23} and
glucose {r = -0.32}).

4.1.5.3 Free fatty acids

The results for the changes in the free fatbiy acid (FFA)} of
DNP and LNP cows and buffaloes during summer and winter have been

presented in Table 4.1.7.3 and Fig. 4.1.7.3.

Ploughing generally increased blood FFA levels in buffaloes

and cows during summer and winter. During summer, the pre~work
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mean FFA and DNP and LNP buffaloes were 315.77 + 73,26 and 256.83
2 15.11 umol/l respectively which increased to 455.80 + 122.30
umel/l  in LNP buffaloes, but & decrease in FFA was observed in
DNP buffaloes (Table 4.1,7.3). During rest, FFA decreased to
247.76 + 10.66 and 230.53 + 24.17 umol/]l in DNP and LNP buffaloces
during summer. Second phase of work raised FFA to 284.93 + 29.70
and 282.77 + 36.33 umol/l in DNP and LNP buffaloes. The per cent
decrease in the concentration of FFA after 2 h of rest was 21.54

in DNP and 10.24 in LNP buffaloes (Fig. 4.1.7.3).

The pre-work average PFA values in DNP and LNP cows during
summey were 302.23 + 22.52 and 276.17 # 24.01 umol/1,
respectively. Ploughing increased these values to 346.67 + 8.89
and 289.70 + 21.76 umol/l in DNP and LNP cows. During rest
pPause, FFA respectively increased to. 358.53 * 79.%56 and 403.80 =
155.12 umol/l. Further 1 h rest did not exhibit any significant
change in FFA level. Second work period raised FFA to 337.80 =+
42.01 umol/l in DNP cows (Table 4.1.7.3).-

The pre-work FPA in DNP and LNP buffaloes were 285.73 :.
33.90 and 317.03 + 41.80 umol/l in winter, respectively, which
increased to 320.93 + 18.60 in DNP buffaloes and 346.67 + 23.52
umol/l in LNP buffalces after work. FFA'further-increased during
2 h of rest pause., Second work periocd further raised FFA to
430.13 + 82,67 umol/l. During winter season, in LNP and DNP
buffaloes, the pre-work concentrations of free fatty acid were
obgserved to Be higher than in summer &season. Dur to work rise in
the concentration of FFA was higher during winter season than

summetr season {(Table 4.1.7.31).

DNP and LNP cows during winter season showed a reverse trend

in the concentration of FFA as compared to DNP and LNP buffaloes
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during winter, Slightiy iower values of FFA were observed in
cows during winter (Table 4.1.7.3). The pre-work mean values of
FFA were 268.37 + 5.93 and 272,50 & 22.38 umal/l in DNP and LNP
tows, respectively. After work, FFA increased by 57.3%9 per cent
and 46.78 per cent over pre-work levels in DNP and LNP cows,
respectively. The mean values of FFA after first phase of
Ploughing were 422.70 + 153.11 umol/L in DNP cows and 399.90 +
131.94 wumol/1 in LNP cows. FFA exhibited a further increase

after first and second hour of rest pause (Fig. 4.1.7.3).
4.1.6 HORMONAL CHANGES

4.1.6.1 Triiodothyronine

Bloed hormonal changes in working cows and buifaloes were
carried out by RIA and resulis for the analysis have been
presented in Tables 4.1.8.1 te 4.1.8.5, Figs. 4.,1.8.1 to 4,1.8.7

and statistical analysis in Table 4.1.7.4.

The resulits for the changes in levels of triiodethyronine
(ng/ml) in DNP and LNP cows and buffaloes during summer and
winter at different intervals ocf work and rest have been

presented in Table 4.1.8.1 and Fig. 4.1.8.1.

The pre-work mean values of triiodothyronine (T3)! ranged
from 0.47 + 0.17 to 1.41 + 0.57 ng/ml in cows and buffaloes., The
mean values of Tq were 0.86 + 0.50 and 0.48 * D.11 in DNP and LNF
buffaloes, respectively. T3 levels increased to 0.97 + 0.44 and
1.47 + 1.09 ng/ml in DNP and LNP buffaloces aftef 1 h of rest.

Further rest for 1 h decreased the T3 levels to '0.87 +. 0.09. and
0.99 + 0.44 ng/rl respectively, in DNP and LNP buffaloes. Second



Table 4.1.8.1 Triiodothyronine (ng/ml) changes in buffaloes and cows
during summer and winter seasons

Periods Dry non—pregnant Lactating non-pregnant

| " Sunmer Winter Summer Winter

BUFFAI_DES
BN 0.86 + 0.50  0.82 + 0.34 0.48 + 0.11  0.69 * 0.12
M 0.56 + 0.19  0.40 + 0.01 0.40 + 0.05  0.80 + 0.29
Rest 1 0.97 + 0.44  0.90 + 0.26 1.47 + 1.09  0.72 + 0.10
Rest 2 0.87 + 0.09  0.86 + 0.19 0.99 + 0.44  0.87 + 0.16
EW 0.57 + 0.03 0,47 + 0.01  0.41 3 0.12  0.95 % 0.15
oOWNS

BW 1.41 + 0.57  0.47 + 0.17 0.57 + 0.26  0.60 *+ 0.17
aw 0.79 + 0.12  1.18  0.11 0.81 + 0.11 .59 + 0.02
Rest 1 0.49 + 0.13  0.75 + 0.24  0.51 + 0.08 0.52 + 0.03
Rest. 2 0.22 + 0.04  0.53 + 0.08 0.67 + 0.05  0.60 + 0.04
W 0.47 + 0.01  0.48 + 0.13 0.45 + 0.08  0.52 1 0.03

The values are the mean + SEM based on two replicates on 3 animals
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Table 4.1.7.4 Analygis of variance of FFA, T3, T4 and insulin during

ploughing
Source of d.f. M.5.8 d.f. M.S.5.
wvariation =000 @
FFa T4 T3 Insulin
Animals 2 343.06 187.09 0.308 1 0.66
Seasons 1 210G00.35 1335.32** 0.004 1 0.05
Species 1 15473.99 768.70** 0,447 1 94.,97%x*
Groups 1 15526.07 945.72** (0.015 1 375.15%~
Pericds 4 19197.20 87.67 0.211 4 30.80%*
Seasons X 1 5317.61 727.11**  0.000 1 9.90
Species
Seasons X 1 445,65 1769.64** 0,014 1 3.23
Groups
Seasons x 4 6392.74 29.38 0.121 4 B.25
Periods
Species x 1 4824.86 786.85%* 0,154 1 32.92
Groups .
Species x 4 15212.70 62.84 0.587 4 2.75
Periods '
Groups x 4 6368.49 29.98 0.19% 4 12.22
Periods . ) _
Seasons ¥ 1 581.49 17B3.75** 0.055 1 15.15
Species
Groups
Seagons x 4 14510.22 25.68 0.244 4 0.35
Species
Periods
Seasons x 4 10003.30 49,38 0.285 4 5.24
Groups X
Periods
Species x 4 14559.71 28.99 0.075 4 0.63
Groups X
Periods
all effect 4 4562.18 121.74 0.220 4 2.84
Error 78 13482,92 26,239 0.187 39 5.81
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work pericd decreased T3y levelrm by 33.72 and 14.58 per cent in
DRP and LNP bhuffaloes.

The'prewwerk mean values of trijodothyronine in DNP and LNP
cows during sumper were §.4% _*_{3.57 and Q.gg + 6.5 ng/mi,
regpectively. Theze valugs are lower than the pre-work values of
buffaloes during same season, The pre-work mean values during
sumper in oows were higher than the T3 values during winter
seagon. After first round of work, T3 decressed in DNP cows but
there was an increase in LNP cows. The absolute wmean values
after first round of ploughing were .79 * 0,12 and 08.81 + 0.11
ng/ml in DNP and LNP cows. During rest, T3z levels further
decreased to 0.4% *+ 0.13 and 0.51 ¢ 0.08 ng/ml in DNP and LNP
cows, Anothé: hour of rest to DNP cows during summer decreased
T3 levels to 0.22 <+ 0.04 ng/ml but in LNP cows the values
tnoreased to a mean of 0.67 + 0.05 ng/ml. Second round of work
increased Ty levels to 0.47 # 0.01 in DNP and 0.45 * 6,08 ng/ml
in LNP cows. These results do not indicate any specific pattern

 of change ih T3 levels due to work.

The pre-work mean values of T3 were 0.82 + 0.34 in ONP  and
0.69 + 0.12 ng/ml in LNP buffaloes. After first ploughing, the
average values of Ty were 0.40 : 0.01 and 0.80 & 0.29 ng/wl in
DNP and LNP buffaloes. Two bours of rest period was provided to
the working animals for recovery after first round of work during
this period. The wmean T3 levels increaged to .86 + 0.19% and
9.87 + 0.18 ng/ml in DNP and LNP buffaloes. Thereafter Ty levels
inereased in LNP buffaloes and decreased to 0.47 + 0,01 ng/ml  in-

ORp tuffaloes {(Table 4.1.8.17.

The pre-work mean values of T3 in BNP and LNP cows during

winter were 0.47 * 0.17 and 0.60 # 0.17 ng/ml, respectively. Due
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te work period, an increase in T3 content was observed in DNP
cows, but the T3 content remained almust at same levels in  LNP
cows. One hour of rest decreased the T3 content to 8.75 *+ 0.24
and 0.52 + 0.03 ng/ml, respectively, in DNP and LNP cows.
Further work period after 2 h of rest decreased T3 (Table
4.1.8,1).

Statistical analysis in terms of correlation coefficient and

analysis of variance did not show any signiicant effect.
4.1.6.2 Thyroxine

The results for thyroxine (T4) in dry non-pregnant and
lactating non-pregnant animals during summer and winter have been

presented in Table 4.1.8.2 and Fig. 4.1.8.2.

The pre-work mean thyroxine levels were 21.47 + 1.26 and
25.13' ng/ml in DNP and LNP buffaloes during summer, respectively.
In DNP buffaloes, T4 levels increased due to work but levels
decreased in LNP buffaloces {Table 4.1.8.2). The rest period
increagsed T4 levels to 37.10 + 10.18 and 23.30 + 2.77 ng/ml in
DNP and LNP buffalces. Second phase of work further decreased T4
levels to 21.96 + 1.46 and 18.55 + 7.20 ng/ml in DNP and LNP

buffaloes, respectively (Table 4.1.8.2).

The pre-work mean values of T4 were 23.70 + 2.04 and 20.94 +
1.60 ng/ml in DNP and LNP cows during summer seasoen (Table
4.1.B.2}). These pre-work mean values of T4 in DNP and LNP cows
were almost similar to those recorded in DNP and LNP buffaloes
during summer season {Table 4.1.8.2}). During summer, dry non-

pregnant cows did not show any difference in T4 level but an

increase to 24.90 *+ 1,81 ng/ml was observed in LNP cows after



Table 4.1.8.2

Thyroxine (ng/ml} changes in buffaloes and cows

summeer and winter seasons

during

Periods Dry non-pregnant Lactating non-pregnant
Summer winter sumer Winter
BUFFALCES
BW 21.47 + 1.26 22.93 + 2.66 25.13 + 2.88 44.33 + 15,15
AW 24.22 + (.94 16.60 + 2,10 19.29 + 5.25 56.00 + 21.60
Rest 1 23.90 + 0.26 22.82 + 4.65 19.11 + 4.22 44.73 + 14.23
Rest 2 , 37.1¢ +10.18 25.93 + 5.14 23.30 + 2.77 53.83 + 20.69
™ 21.96 + 1.48 21.39 + 2.66 -18.55 + 7.20 51.33 + 7.71
QoS

BW 23.70 + 2,04 22,19 + 0.55 20.94 + 1.60 25.78 + 1.80
AW 23.12 + 4.7% 26.54 * 2.17 24,90 + 1.81 25.13‘1 1.95
Rest 1 22,89 + 3.82 24.98 + 2.67 23.75 + 3.40 24.75 + 1.30
Rest 2 21.77 *+ 5.65 25.83 + 1.56 24.24 + 1.89 25.08 + 2.57
N 23,53 + 4.79 24.36 + 1,73 23.78 + 4.66 26.48 + 1.57

The values are the mean *+ SEM based on two replicates on 3 animals
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first phase of work. After 2 h of rest period, the Tz levels
decreased to 21.77 *+ 5.65 and 24.24 + 1.89 ng/ml over the mean

valuez recorded after first phase work period {Fig. 4.1.8.2).

Higher levels of T4 content in LNP buffaloes were observed
at different intervals of work and rest ag compared to DNP
buffaloes. The pre-work mean values of Ty levels were 22.93 +
2.66 and 44.33 + 15.15 ng/ml in DNP and LNP buffaloes during

winter season.

The pre-work mean values of T4 content in DNP and LNP cows
were 22,19 + 0.55 and 25.78 * 1.80 ng/ml during winter season.
The T4 contents during pre-work observed in DNP  and LNP  cows
during winter were almost similar to Lthe values observed during
summer seasgon (Table 4.1.8.2),. Ploughing increased the T4
content to 26.54 * 2.17 ng/ml in DNP cows but the Ty levels in
LNP cows were not affected by work. S8tatistical analysis showed
that T; differed significantly (P ¢ 0.01) betwsen seasons,
species, groups and interaction of seasons x species, seasons x

groups, species x groups and Seasons X species x groups.

4.1.6.3 Ingulin

The results for changes in insulin level due to work and

regst in cattle and bu ffalves have been presented in Table

4.1.8.3 and Fig. 4.1.8.3.

At the beginning oflexperiment, the insulin levels were
13,10 + 1,10 and 20.89 ul/ml in DNP and LNP bufia}ues‘ Ploughing
decreazed the levels of insulin in DNP and LNP buffaloes to 12.15
* 0.26 and 19.56 1‘2.25 ub/ml, respectively. The work decreased

insulin te a slight level (0.95 ut/ml) in buffalo over pre-work



Table 4.1.8.3 Insulin (ul/ml} changes in buffaloes and cows during summer
and winter seasong

Pericds Dry non-pregnant Lactaling non-pregnant

Surcer Winter samer  Winter
BUFFALOES
BW 13.10 + 1.10 16.30 + 1.91 20.89 + 0.17 23.98 + 1.19
aw 12,15 + 0.26 14.85 + 0.45 19.56 + 2.25 17.49 + 0.80
Rest 1 13.50 + 1.71 15.80 + 0.40 22.26 * 2.46 21.39 + 0.25
Rest 2 15.57 + 0.91 17.70 + 0.30 - 23.68 *+ 3.87 20.53 + 3.48
| EW 14.74 + 0.26 14.20 + 0.60 - 17.26 + 1.81 17.17 = 0.30
WS

BW | 14.10 + 0.30 14.20 * 1.00 17.75 + 0.25 20.61 + 1.53
AW 13.9¢ + 0.90 11.10 + 0.30 14,75 + 0.45 14.3é + 4.06
Rest 1 15.20 * 0.20 13.10 + 0.30 17.83 + 1.60 19.22 + 3.20
Rest 2 15.00 + 1.20 14.60 + 0.40 19.25 + 0.95 14.99 + 0.14
EW 14.40 + 1.60 13.50 + 1.30 15.93 + 2,77 19.95 + 1.75

The values are the mean + SEM based on two replicates on 3 animals
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mean values but decrease was more in LNP buffaloes (1.33 ub/ml}).
During' rest period, rise in the insulin was observed. At one
hour rest, the mean values were 13.50+0.71 and 22.26+2.46 ul/ml
in DNP and LNP buffaloes. Rest of one more hour increased the
level of insulin by 3.42 uti/ml and 4.12 uli/m]l in DNP and LNP
buffaloes, respectively. Second work after 2 h of rest dropped
insulin level to 14.74 + 0.26 and 17.26 + 1.81 uU/ml in DNP and
ILRP buffaloes.

During winteyr, pre-work insulin values were higher than
summer in both of the groups. In DNP and LNP buffaloes, the pre-
work mean insulin levels were 16.30 + 1.91 and 23.98 1.19
during winter which decreased to 14,85 + 0.45 and 17.49 + (.80

I+

utl/ml after work. During rest, insulin level increased to 15.803%
0.40 and 21.39 + 0.25 ul/ml! in DNP and LNP huffaloes,
regpectively. Second round of ploughing decreased insulin, but
the changes were almost similar to that observed during £first

phase of work (Table 4.1.8.3 and Fig. 4.1.8.3},

Similar trend in DNP and LNP cows was found during summer
and winter séason. The pre-work mean values of insulin
respectively were 14,10 + 0.30 and 17.75 + 0.25 ul/ml in DNP and
LNP cCOwSs. The respective decrease in insulin due to work was
0,20 and 3.00 u/ml in DNP and LNP cows during summer SeaSon,
Rest period of 1 h raiged the level of insulin tov 19,25 + 0.35 in
LNP cows but levels were maintained in DNP cows {Table 4.1.8.3).
Further work after 2 h of rest dropped level of insulin to 14.40%
1.60 andI15.93 + 2.77 ul/ml in DNP and LNP cows {(Fig. 4.1.8.3).

During winter, the resting mean values wére.14.20_i 1.?0 and
20.61 + 1.53 uwU/ml in DRP and LNP cows. Ploughing decreased
ingsulin by 27.93 and 20.34 per cent in DNP and LNP cows (¥ig.
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4.1.8.3). The . rest pause of 2 h increased insulin to 14.60
9.40 and 14.99% + 0.14 u¥/ml in DNP and LNP cows. Further work
after Z h of rest again declined the level of insulin to 13.50
1.30 and 19.95 ¢ 1.75 ul/ml in DNP and LNP cows (Table 4.1.8.3).
Statistical analysis showed significantl(P < 0,911 difference
between Jroups . species and pericds and no significant

corréh;icn was observed with T3, FFA and insulin.
4. .6.4 Eatrogen and progesterone

The results for the changegs in circulating levels of proges-
tercone and estrogen hormones in working cows and buffaloes have
been presented in Tables 4.1.8.4 and 4.1.8.5, and Figs. 4.1.8.4
to 4.1.8.7.

The pre-work concentration of preogesterone and estrogen
varied in different animals which were dependant on the state of
reproductive e¢vele. The concentrations of progestercone during
summer in two buffaloes were 0.40 and f .05 ng/ml (Fig.4.1.8.4).
The reépective estradiol concentrations during summer were 12.80
and 13.87 pg/ml. Circulating levels of estradiol during winter
in two working animals were 19.20 and 1.87 pg/ml (Table 4.1.8.4).
The pre-work levels of estradicl and progesterone thus clearly
indicate that these animals were at different stages of
reproductive cycle since we did nol inseminate them to avoid
effects of pregnancy. The pattern of changes in progesterone and
estrogen either due Lo woerk or rest were not uniform and varied

to a great extent in different animals (Figs.4.1.8.4 to 4.1.8.7).
4.1.7 HMILK YIELD AND COMPOSITION

The results for average weekly milk yield and composition of

milk in terms of fat, protein and lactose (%) have been presented



Table 4.1.8.4 Plasma progesterone (ng/ml) and plasma estradiol-17£ (pg/ml)
in lactating huffaloes and cows during summer and winter

seasons
Periods SIMER WINTER
Progesterone  Bstradiol-17§ Progesterone Estr;azg;i-:!_{?
Animals AniHBI;-- Animals Animals
1 2 1 2 1 2 1 2
|
BUFFALOES
BW 0.40 0.05 12.80 13.87 G.g8 0.05 19.20 1.87
AW 0.05 0.05 13.87 13.84 2.69 0.05 1.27 4.480
Rest 1 0.05 D.05 13.87 17.07 1.52 .06 5.07 1.00
Rest 2 0.05 .06 13.87 14.93 2.22 0.05 4.80 1.73
EW - 0.05 0.05 13.80 12.80 1.28 0.06 4.80 0.67
QoWs
BW 1.12 0.05 11.20 4.00 0.05 0.06 1.00 1.20
aw 0.96 0.06 4.00 2.00 .05 0.05 1.00 - 5.60
Rest 1 .10 0.05 5.60 7.40 .06 0.03 7.20 4.00
Rest 2 .20 0.06 8.00 9.60 0.05 0.06 1.00 2.60
EW 1.20 0.05 1.00 1.00 0.06 0.05 1.00 10.00

Observation of 2 animals



Table 4.1.8.5 Plasma progesterone (ng/ml) and plasma estradiol-17# (pg/ml)

in dry non-pregnant buffaloes and cows during sumer and
winter =easons

Periods SUMMER WINTER
Progesterone Estradiol —-I;};— -;;;;este;one Es t;;zi io 1—1;;3
" Animals . Animals  Aoimals Animals

1 2 1 2 1 2 1 2
BUFFALOES

B 0.05 0.06  4.58 8.5 0.05 1.91  1.00 ~

AW 0.06 0.05  5.53  6.80 0.05 2,22 1.20 -

Rest. 1 0.65 0.04  1.73  9.60 0.05  2.07  1.00 -

Rest 2 0.06. 0.05  5.73  9.60 0.05 2.22  1.00 -

EW 0.05 0.05  3.20 5.50 . 0,06  2.53  1.40

Coms

BW 0.08 0.48  10.40  6.80 0.50  1.20 10.73 18.13

AW 0.15 1.12  12.00  9.60 0.96  0.88 2%.27 27.27

Rest 1 0.07 0.72  24.00  3.80 0.22 0.12 18.13 14.93

Rest 2 0.88 0.50  14.40  3.20 0.22 0.22 21.33 21.33

™ 0.10  ©.52 17,10  1.00 0.48  0.56 18.83 18.83

Observation of 2 animals
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in Table 4.1,9; Figs., 4.1.9 and 4.1.9.1, and Lheir statistical

analysis in Table 4.1.9.1,

The pre-work average milk yield for LNP buffaleoes during
summer was 4.43 + 0.38 1/d4ay. The mean fat, protein and lactose
contents during pre~work phase were 7.91, 5.55 and 5.05 per cent,
respectively. A drop in the milk vield was recorded due to
effects of ploughing. Work decreased milk vield to 4.23 + 0.26,
4.11+ 0.24, 4.26+0.23 and 3.62+40.22 l/day avid corresponding
avera.ge fat, protein and lactose contents were 7.91 *+ 0.31, 5.55
+ 0.4 and 4.70 + 0.19 per cent during summer season in LNP
buffaloes. The fat per cent in buffaloces remained similar during
wo;k period but lactose decreased and prpteiﬁ content increased
during exercise (Table 4.1.9.1}. The milk yield during post-work
period were not similar to pre-work values. Post-work average
values of milk yields were 4.07 *+ 0.19, 3.98 + 02.18, 4.1 + 0.23
and 3.62 * 0.22 l/day after 1st: 2nd. 3rd and 4th week of rest.
After work, the average value of fal in milk was 7.82 4+ 0.38 per
cent which was slighltly Jower than pre-work walues. Content of"
protein in milk was 4.29 1+ 0.26 per cent, which is almost similar
ta that chserved during pre-work phase, Lactose content in milk
was 4.54 + 0.30 per cent indicating s decline after work phase.
Overall average milk vield Quring summer in DNP cows wae higher
£han LNP buffaloes. The decrease in the milk yield was 1.33
litres after four weeks. Corresponding average values of milk
fat, protein and lactcse during pre-work period were 4.59 * G.34,

3.5 + 0.38 and 4.59%9 * 0.10 per cent, respectively.

From the data presented in Table 4.1.9, it could be observed
that milk vield decreased at faster rate in LNP cows than
buffaloes during summer. The average mrilk composition in terms

of fat, protein and lactose was 4.76 + 0.22, 3.89 + 0.15 and



Table 4.1.9 Changes in milk yield and its composition during work in
cows and buffaloes

Periods Lactating non-pregnant buffalces [.acta-ting nor-pregrant cows

betyween - - —
Sumer Winter Surmrer Winter
MILK YIEID*

B I 4.84 + 0.33 4.20 *+ 0.30 6.08 + 0.53 4.24 + 0.50
IT  4.43 % 0.38 4.28 T 0.31 5.38 1 0.41 4.08 % 0.56

DW I 4.26 + 0.23 3.75 + 0.25 5.11 # 0.34 3.66 + 0.75
I 3.62 7 0.22 3.53 7 0.30 5.06 * 0,36 3.16 ¥ 0.79

W I 4.1 + 0.23 3.43 + 0.11 4.59 * 0.31 3.85 + 0.79
IT  3.91 T 0.18 3.84 ¥ 0.19 4.61 7 0.32 3.48 7 0.81

FAT PER CENT**
BW 7.91 + 0.60 6.95 + 0.47 4.59 + 0.34 4.45 + 0.51
o 7.91 + 0.51 7.71 + 0.39 .76 + 0,22 .16 + 0.569
W 7.82 + 0.33 7.63 + 0.38 4.06 + 0.23 5.47 + 0.17
PROTEIN PER CENT**
B 4.30 + 0.40 4.01 + 0.21 3.95 + 0.38 3.20 + 0.11
oW 5.55 + 0.41 4.36 + 0.25 3.89 + 0.15 3.81 + 0.14
EW 4.29 + 0.26 4.08 + 0.15 3.69 + 0.17 3.43 + 0.14
LACTOSE PER CENT**

B 5.05 + 0.17 4.89 + 0.26 4.5% + 0.10 4.65 + 0,08
i 4.70 + 0,19 4.55 + 0.22 4.63 + 0.04 2.57 + 0.13
+ 0.30 4.90 * 0.15 4.86 + 0.05 4,95 » 0.14

EW 4.54

* The values are means of 2 weeks of milk vield
4% The values are the means of two observations each
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Table 4.1.%.1 Analysis of variance of fat, protein and lactose in working
buffaloes and cows during summer and winter seasons

Source of d.f. M.8.S.
variation - _—
E‘atr Protein Lactose
Animals 4 2.74% 0.33 0.34
Seasons 1 0.79 3.19%¥ 0.01
Species 1 111.759%=* B.93nx 0.07
Periods 2 2.14 1.89%* 0.24
Seasong x Species 1 G.93% c.14 4.a¢0
Seasons x Periods 2 2.17 0.21 0.15
Species x Periods 2 {).5!.'3 0.42 0.36
All effect 2 ¢.23 ¢.83 .08
interaction
Errox 44 0.79 0.32 0.13

* p < 0.05; ** P < 0,01
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4.635 0.04 in LNP cows during work in summer season, Slight
increase in fat and lactose was observed due to work effects
{Takle 4.1.1.9): Average milk yield during recovery period was
found to be 4.88 + 0.22, 4,3¢ + 0.27, 4.539 + 0.31 and 4.51 +
0.32) respectively after 1, 2, 3 and 4 weeks. The values of fat,
protein and lactose were 4.06, 3.69 and 4.86 per cent at the
start of work, A decrease in milk fat and protein and a slight

increase in milk lactose was observed due to work (Table 4.1.9.0.

The weekly milk yield of LNP buffaloes during winter and
their composition in terms of fat, protein and lactose have bheen
presented in Table 4.1.9.1. The pre-work mean milk yield was
4.28
6.95 *+ D.,47, 4.01 + 0.21 and 4.8% + 0.26 per cent, respectively.

D.31 litres. Corresponding fat, protein and lactose were

f#

Ploughing decreased milk yield to 3.75 # 0.23 and 3.53 =+ 0.30
litres after 1 and 2 weeks qf work. The vcorresponding average
fat, protein and lactose levels in milk were 7.71 + 0.39, 3.36 =+

0.25 and 4.55 + 0.22 per cent, respectively.

After completion of ploughing animals were maintained for
about 3 weeks for measurement of work effects and recovery.
Post-work milk yields were lower than pre-work milk yield valués

{Table 4.1.9}.

The nilk yield and composition of milk during winter have
been presented in Table 4.1.9%. The pre-work mean values of milk
yield after Ist and 2nd weeks, respectively were 4.24 + 0.50 and
4.08 » 0.56Land their respective mean figures of fat, protein and
lactouse were 4.49 + B;Sl, 3.20 1+ 0.11 and 4.65 0.08 per cent.

‘ . .
work decreased milk yield during first week to an average

value of 3.66 + 0.75 and 4.16 + 0.79 1/day after 1st and 2nd week
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of work. Average milk fat was 6.16 ! 0.69 per cent, protein 3.81
F 0.4 per cengrand lactose was 4.37 per cent. After ploughing
expariment, anima}s were maintained for recovery in milk yleld
and composition., The average milk yield was 3.85% + 0.79 and 3.48
* 0.81 1l/day during winter season, a slight decrease in fat

during rest period was observed to a level of 5.47 8.17 per

| +

cent and the average protein and lactose were 3.43 + 0.14 and
4.94 + 0.14 per cent, respectively. Analysis of variance of fat,
protein and lactose showed significant (P ¢ 0.01) difference
between animals, species and interaction of seasons x specles in
fat, protein differs between seasons., species and periads, and
lactose showed a significant difference (P < 0.05) between

animals.
4.2 CIRCADIAN RHYTHM VARIATIONS

In order to observe circadian rhythm 1in physiological,
haematolegical, biochemical and circulating bhormones, animals
were :kept under natural environmental conditions and were

monitored at two hourly intervals for 24 h.
4.2.1 PUHYSIOLOGICAL REACTIONS

The results for changes in RR, PR and RT in buffaloes and -

cows at 2 h intervals have been presented in Table 4.2.1.1.

Respiration rate, pulse rate and rectal temperature during
24 h did not show any marked variation. Respective means for RR,
PR and RT for buffalces at 8 A.M. were 19.25 + 1.70, 74.00 ¢
2.58/min and 38.46 * 0.10%c, respectively, whereas the respective
values for crossbred cows were 19.00 * 3,70, 69.50 * 5.12/min and

38,31 + 0.06°C. Initial values in both of the species were



Table 4,2.),1 Cireadian variations in physiological resetions in buffaloex and cows

Spanies Buffaloes Cows
'ﬂ'uc integval Respiration Pukse rate! Rectal Respiration pulse ratef Reetal
(ah) ratesuin gin tesp { ¢} tate/nin Bin temp 1°0)
i 19.25 + 1.1 H.A0 ¢ 2.58 38.46 + 0.10 19.00 4 3,70 69.50 1 5.12 38,31 ¢ 0,06
It 12,56 + 2.2 .00 + 318 38,56 + 113 24,50 + 1,18 00149 18.66 + 0.08
I 26,50 + 1.95 88.50 + 1.7 38.69 + 0.08 TS89 17,75 4 5,36 18,86 + 0,06
I 23,00 7 189 M35 T 189 10,99 7 6.1 MBTLT O BSILNE 30,887 0.8
v 0,35 7 .29 T340 7 1.73 WAT T 003 T4t BI04 19,257 6.0
J 1950 % 0.96 T 1 225 39,25 7 0,03 26,00 1 1,41 76,50 7 1.% 19,25 1 0.0
VIt 16,25 + 1.93 §7.50 ¢« 2.06 39,28 + 0.1 25,25 1 2.43 72.00 + 1.4} 39,06 ¢ 0.0)
VIl 14,00 + 1,15 63,00 1 2,48 31933 ¢ 1,04 20,00 + 3,87 1080+ L2 39.06 ¢ 0,03
I 1658 s 1.19 68,75 + 2.29 38,06 ¢ 1.0Y 24,08 2 0.9 70.00 2§02 18,81 1 086
1 13.00 ¢+ 0.41 60,25 1 1.65 18,94 + 0.06 .50 L f9.50 + LN 3.7+ 0,04
] IL,B+0.25 82,50 + 1.7 .71 0.0 Iy L 73.25 1 198 4 0.0
B 13.50 + 0.9 §1.50 ¢ 2.87 38,74 + 0.06 23,75 ¢ 1,63 W14 18.66 + 0,08

The values are mean + SBM based oo two repiications en § animls
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almost similar. RR, PR and RT increased with the increase in
environmental temperature. At 12.00 noon, RR, PR and RT of
buffaloes increased to 26.50 + 3,95, 80.50 ¢ 1.71/mwin and 38.69 *
0.08%c, the increase was 7 breaths in RR, 7 beats in PR and
'0.23%  in RT. The corresponding increase in cows was 15, 8 and
0.55%¢c. The ¢hanges in crossbred cows were more pronounced as
the temperature increased. HR, PR and RT in buffaloes and cows
remains at about Lhese levels uptc 6 P,M. but the values
decrease to 16.25 + 1.93, 67.50 + 2.06/min and 39.28 + 0.03°C at
8 P.M. in buffaloes and in cows the RR, PR and RT were 25.25 +
2,43, 72,00 + 1.41 and 39.06 + 0.03°C respectively during summer
geason. These physioclogical parameters decreased to 12.50 -
1.19/min,60.75 + 2,29 bpm and 39.06 + 0.03°C in buffaloes and

24.00 &+ 2,94, 70.00 + 0.82/min and 38.81 * 0.06°C in crossbreds.
Because last observations were taken from these animals in the
morning at & A.M., the values romained near startiong mean values

{Table 4-2;1»1’ .
4.2.2 HﬁEﬂATQLUGICAL CHANGES

The results for Hb and Het for rhythmic changes have been

presented in Table 4.2.1.2.

fhe Hb and Hct values of buffaloes and crossbred cows
remained almost at the basal levels throughout 24 h. The Hb and
Het in buffaloes and cows at the start of sampling were 11.45 *
0.37 g per cent, 35.00 + 0.70 per cent and 11.85 + 0.17 g per
cent and 33.00 + 1.08 per cent, respectively. As the time
progressed and environmental temperature rose up and radiant heat
load increased, a slight variation in Hb and Het was observed
(Table 4.2.1.2). The values of Hb and Hct recorded at 4 P.M. were
10.78 + 0.38 g per cent and 32.50 * 1.04 per cen£ in buffaloes



Table 4.2.,1.2 Circadian variations in Hb and Bet in .c:ows and buffaloes

Periods BUFFALDES COWS
| Eb (g % POV (8) Hb (g 5 PCV (%)

1 11.45 + 0,37  35.00 + 0.70 11.85 + 0.17  33.00 + 1.08
1T 11.13 + 0,28  33.75 + 0.63 11.35 + 0.36  33.75 + 2.10
IIr 10.80 + 0,28  33.50 + 0.29 11.35 + 0.26  34.50 + 1.26
v 10.85 + 0,42  34.00 + 0.91 11.25  0.15  33.75 » 1.44
v 10.78 + 0.38 32,50 + 1.04 11,00 + 0.23 34,00 + 1.35
VI 10.80 + 0.41  34.00 + 0.71 10,93 + 0,39 33.50 + 1.35
vIX 11.05 + 6.39  34.00 + 0.00 11.10 + 0.26 33,75 + 0.85
VIIX 11.03 + 0.31  34.25 + 0.75 11.23 + 0,20 33.00 # 1.00
IX 11.10 + 0.34  34.00 + 0.41 11.45 + 0.26  33.75 + 0.63
X 10.95 + 0.2L  33.00 + 0.00 11.60 + 0.32 33,75 + 1.1
XT 10.85 + 0.33  33.00 + 0.58 11.28 + 0,15 34.75 + 0.85
XI1 10.50 + 0.31 32.25 + 0.85 13.20 # 0.09 34.50 + 1.00

The values

are mean + SEM based on Lwo replicates on 5 animals
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and respective values in cows were 11.00 * 0,23 g per cent and
Het 34.00 + 1.34 per cent, these values remain almost similar at

the end of 24 h observation.

4.2.3 ENERGY SUBSTRATES

The blood glucose and lactic acid in buffaloes varied from
44.20 + 1.10 to 48.52 + 1,55 mg per cent and 10.37 + 0.49 to
11.29 wmg per cent respectively, In cows, the blood glucose
ranges from 42,71 # 0.91 to 44.%1 + 0.62 mg per cent and lactic
acid 9.30 s+ 0.33 to 11.94 * 0.51 mg per cent. These values
remained at almost similar levels at different hours. The values
of Hb and Het at m;d night were 44.20 * 1,10 and 43.67 + 1.27 mg

per cent glucese in buffaloes and cows, respectively, the

1+

corresponding lactic acid contents were 10.85 *+ 0.46 and 11.33
0.36 mg per cent. The wvalues of blouod glucose at mid night were
slightly higher and lactic acid were lower as compared te values
found at B8 PM and during Fuyther sampling the values remained at

gimilar levels.

‘The FFA levels ranged from 271.12 : 4.45 to 400.56 umol/l in
buffalees and 301.11 + 1.11 Lo 474.45 * 226.23 umol/l in. cows.
The FFA did not shew any specific trend of changes but fluctuated
during experimental pericd {(Table 4.2.1.3}). The values of FFA
during night hours at 4 AM were almost similar at a mean level of

400,56 + 150.95 and 325.56 + 41.24 umol/l in buffaloes and cows

respectively.
4.2.4 HORMONAL CHANGES

Tha results for hormonal changes during different hours of

sampling ‘have been presented in Table 4.2.1.3. Insulin level
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during 24 h of sampling ranged from 16.70 + 0.50¢ to 18.90 + 0,50
ull/ml in buffaloces and 17.80 + 0.20 to 19,20 * 1.40 ub/mi in
COWS » The levels of T3 and Ty did exhibit some changes during

experimental period (Table 4.2.1.3).

At the beginning, the Tyand T4 levels in buffaloes were
0.34* D.00 and 27.65 + 6.45 ng/ml respectively and corresponding
levels in cows were 0.24 + 0.18 and 27.30 + 11.31 ng/ml. The
first values of T4 for both species were almost similar. During
next sampling at 12 noon, the values of T; decreased to 11.2% ¢
1.06 and 26.82 *+ 16.95 ng/ml in buffalces and cows, respectively
but T3 level increased to 0.65 + 0.45 and 0.36 * 0.08 ng/ml.
Thege values remained near basal levels during different periods
and the values at the end of sampling were almost similar to that

observed at the beginning of sampling schedule {(Table 4.2.1.31.

4.3 CARTING EXPERIMENTS

While pulling 5 gtls cart load, DNP buffaloes travelled at
an average speed of 3,08 km/h for about 2 hoursgﬂﬁ at 10 gtl
icad tLhe speed of buffalo remained almost similar to that of
5 gtl load but work time was reduced to 1.4 h., The cows while
pualling S gtl locad travelled faster at a speed of 3.38 km/h but
were able to work Eo? about 1.3 h only. When cows were subjected

to pull 10 gtl load, the speed slightly decreased (3,19 km/h} and

were ahle to work for about 1~1/72 h only.
4.3.1 PHRYSIOLOGICAL REACTION
Dry non-pregnant (DNP} buffaloes and cows were subjected to

cart load of 5 quintals (5 g) and 10 guintals (10 g) in a ‘cart
weighing 340 kg and 60 kg drivew during hot humid seasons. The
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results of physiological responses during different intervals

while pulling loads have been presented in Tables 4.3.1.1 to
4.3.1.4, statistical analysis in Tables 4,3.1.2 and 4.3.1.5% and
Figs. 4.3.1.1 to 4.,3.1.4.

4.3.1.1 Respiration rate

The regults for the changes in respiration rate of DNP
buffaloes and cows at 5 and 10 gtls cart lecads have been
presénted in Table §.3.1.1 and Fig. 4.3.1.1. Resting RR in the
DNP buffaloes and cows ranged respectively betwsen 11 and 24 and
18 and 39/min with & mesn of 16.75 + 2.69 and 28.75 + 4.46/min.
Both work conditions and continued hours of work increased the
rate of respiration but per cent change wag characteristically
different among buffaloes and cows (Table §.3.1.1), Five quintal
leoad (load I} increased RR by 392.54 per cent in DNP buffaloes as
compared +to 232.17 per cent increagse among DNP cows (Fiy.
4.3.1.1)., After work animals were yiven a rest pause, to return
hack to 75 per cenﬁ?;ormal in their RE, thereafter animals were
again Subjected to another period of work, Further work after
rest pause increased RR by 332.22 per cent in the DNP buffaloes
and by 325.22 per cent in LNP cows. Though the magnitﬁde of
change was similar but the absclute mean values were higher
'during first round of work. The £final mean values after second
work were 109.75 + 2.78 and 122.25 + 3,92 in buffaloes and cows.
After the end of work., RR decreased at faster rates during first
2 h but thereafter decrease was slow. After second pause of
work, animals took about 18 h to come back to pre-work values of
RR. The mean values observed after 12 h of rest were 18.25 2
1,49 in buffaloes and 35.00 * 9.37 in cows. All the animals were

monitored for recovery for 24 h after second round of work (Table

4.3.1.3).



Table 4.3 Time and distance covered by working DNP buffalces and cows at
5 and 10 gtl loads

Animal  Repli~ 5 quintals 10 guintals

nunber cates - ——— — —_———
Time Distance Average Time Distance  Average

{h) (k) speed th) tkm) speed

{kau/h) {kan/h}

BUFFALOES

2238 I 2.38 6.50 2.47 1.45 4.48 2.36

IL 2.13 5.75 2.59 1.25 4.00 2.82

2918 I 1.55 7.03 2.72 1.30 3.50 2.33

II 1.27 5.75 3.97 2.00 6.350 3.25

E-12 I 2.45 8.25 3.00 1.25 4.63 3.27

11 1.45 7.05 4.00 1.22 4.53 3.39

3136 I 1.48 4.75 2.64 2.05 7.00 3.31

II 1.37 5.25 3.25 2.15 5.00 2.22

Average 2.01 6.29 3.08 1.43 4.97 2.89

+1.10 +0.40 +0.22 +0.74 +0.04 +0.17

COWS

4482 I 1.30 5.63 3.75 1.3 4.5 3.00

II 1.37 5.25 3.25 1.27 4.50 3.10

4591 I 1.28 5.30 3.75 1.30 5.50 3.47

II 1.45 6.25. 3.57 1.48 0 3.33

4770 I 1.30 5.25 3.50 1.35 4.25 2.68

Ir 1.35 5.00 3.16 1.23 4.75 3.43

4924 I 1.37 5.00 1.0¢% 1.10 3.50 3.00

I 1.45 5.15 2.94 1.30 5.00 3.33

Average 1.36 5.38 3.38 1.29 4.75 3.19

+0.02 4+0.15 +0.11 +0.03 +0.27 +0.27



Table 4.3.1.]1 Respiration rate/min changes in worlung buffaloes and cows

during different cart loads

Periods Dry non-pregnant buffaloes Dry non-pregnant cows -
S gtls 10 qtls 5 gqtls 10 gtls
BW 16.75 + 2.69 14.75 + 0.75 28.75 + 4.46 25.00 + 4.34
AW-I 82,50 +13.88 81.25 +13.90 95.50 +17.25 108.50 +10.50
Recovery  40.50 + 4.35 45,00 +15.43 58,00 +12,30 46,25 + 4.19
{75%)
AW-TX 109.75 + 2,78 80.25 +11.05 122.25 + 3.92  110.75 + 9.38
Rest after
hours
1 65.50 +10.21 50.00 +10,16 94.00 +19.11 60.75 +13.12
2 48,00 +10.21 38.25 + 8.11 -79:25 +15.92 40.25 + 7.47
3 33.75 + 7.08 30.75 + 9.24 63.75 #11.35 33.50 + 6.24
6 23.75 + 4.19 24.75 + 6.22 42.00 + 8.76 31.00 + 5.43
9 20.75 + 2,29 21.00 + 4.92 40.50 + 7.05 29.25 + 4.99
12 18.50 + 1.19  16.25 + 2,93 38.00 + 5.99  24.25 + 3.38
18 18.25 + 1.49 16.00 + 0.91 35.00 + 9.37 26.50 + 2.22
24 27.50 + 3.30 16.75 + 1.65 58.00 + 8.07 + 5.19

53.50

The valuesg

are mean + SEM based on two replicates on 4 animals
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fable 4.3.1.2 Analysis of variance of physiolegical, haematological and bjochemical paraweters duriny earbing ezperiment

Sonree of variation

i.£,

4.5.5, 4.5.8, #.5.8.
RR - 41 s ib --.E;L ““;I;;;;; lactie acid
Xnimals 3 WIS 183,050 Lim §.94¢ 27,6841 35,64 028
¥eights 1 ISS3LBY 6338 29,06 9.6 15,00 56411 28.95%*
Species ] 13753.26% 191007 T.09%t 1041 b0, /53 1.1 .60
Periods 1 12161,99t 12124700 .68 L 2,85 16.89%1 331,268
Weight 1 Species 1 124.6) 51,03 0.41 155 14,7542 109,404 0.54
Herght x Periods [t 160,08 21.68 11§ 0.68¢¢ 1,2 L4 S
Species © Periods 1t 181,1¢ LAY 0.95 8.75¢¢ 1,75¢ 1.4 185
Kl effect ioteraction 11 .1 18.5% 018 0. b4 104 .56
grror 141 1e.11 1530 ' 6,52 $.16 1.2 4,08 .39
*2 p ¢ 0.01; * P ¢ 0,05
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Carting increased regpiration of cows similar to buffaloes
observed while pulling $§ gtl load. At the onset of 10 gtl ﬁork,
pre-work mean values of RR for buffaloes and cows were 14.75 =+
0.75 and 25.00 + 4.34/min, respectively. Subjecting of apimals
to 10 gtl load, increased RR to 81.25 + 13.90/min in buffaloes
and 108.50 + 10.50/min in cows. Continued work of 2.18 h
increased RR by 450.85 per cent in buffaloes and 334.00 per cent
in cows. Rest of 1.25 and 1.24 h decreased the RR to about 75
per cent and values at the end of rest were 45.00 + 15,43 and
46.25/min  in buffaloes and cows, regspectively. Work after rest
increased RR to 80.25 + 11.05 and 110.75 * 9.38/min in buffaloes
and cows. The respective per cent increases were 544.07 + 343.00
per cent in DNP buffaloes and cows. After discontinuation of
work, animals reached their normal! wvalues after abhout 12 h. The
decrease in RR of the cows was quicker than the decrease in
buffaloes. The mean values for the changes in RR during recovery

have been presented in Tabhle 4.3.1.1.

Statistical analysis in terms of analysis of variance and’
correlation with other parameters showed that RR was positively
correlated (P < 0.01) with FR (r = 0.81), RT (r = 0.8B4) but
negatively correlated (P < 0.01} with Hb (r = ~0.39), Hect (r =
«0.29) and glucose (r = -0.36)., Analysis of variance indicated
that RR differed significantly (P < 0.01} between animals,
weights, species and sampling intervals.

4.3.1.2 Pulse rate

The results for the changes in pulse rate (PR} of buffaloes

and cows at 5 and 10 gtl loads and subseguently during recovery.

have been presented in Table 4.3.1.3 and Fig. 4.3.1.2.



Table 4.3.1.3 Pulse rate/min changes in working buffaloes and cows during
different cart loads

Pericde Dry non-pregnant buffailoces Dry non-pregnant cows
5 gtls 10 otls 5 gtls 10 gtls
BW 64.50 + 6.14  64.50 + 4.33 63.50 + 3.12  65.50 i+ 1.85
AW-T 84.00 + 3.16  84.75 + 1.84 95.75 + 3.04  BY9.25 + 1.89
Recovery 76.25 + 1.65  71.75 + 3.61 85.25 + 0.85  B1.25 + 2.50
{75%)
AWN-~TT 87.25 + 1,11 82.25 + 0.48  86.75 + 3,77 93.00 + 1,22
Rest after
hours '
1 81.50 + 2.0  79.50 & 1.50 90.00 + 2.64  80.25 + 2.46
2 76.00 + 1.47 76.25 + 0.75 82.75 + 2.50 75.75 ¢+ 1.60
3 71.00 + 1.08  73.75 + 1.80 79.00 + 3.02 73,25 + 1.31
6 72.25 + 1.80  69.75 + 2.00 76.25 + 2.63  71.50 * 0.87
9 68,25 + 0.25 62,00 + 1,08 75.50 + 1.55  70.00 * 0.41
12 66.25 + 1.03  59.75 + 1.55 72.50 + 2,20  67.75 * 0,63
18 62.50. + 2,72  61.00 + 0.71 67.75 + 1.31 68.00 + 1.47
24 68.00 + 2.74 61.25 + 1.55 79.00 + 3.29 72,50 + 1.7

The values are mean + SEM based on two replicates on 4 animals
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In general, loading increased PR at different hours of work
in cows and buffaloes but the increase was of higher magnitude in
DNP cowa than DNP buffaloes. The pre-work PR ranged from 50 to
B0 in DNP buffalces and 55 to 70/min in DNP cows, with a mean of
64.50 + 6.14 and 63.50 * 3.12/min. Pulse rate increased to 84.00
+3.156 and 95.75+3.04/min in DNP buffslces and cows, respectively

indicating a greater change in PR of cows than buffaloes.

The rest pause was allowed to all the working animals Ffor
recovery to about 75 per cent in their physiological procesaes
and the values of PR after 2.10 h and 2.13 were 76.25 + 1.64 and
B5.25 + 0.85/min, respectively in buffaloes and cows. After a
rest ‘pause, animals again worked till fatigue onset and fatigque
was observed after 1.26 h in DNP cows as compared to DNP
buffalces and they worked for 2.0 h before onset of fatigue. The
average mean PR after second period of work was 87.25 + 1,11 in
DNP buffaloes and 96.75 * 3.77/min in cows. The rise in PR in
ONP cows due to second round of work was higher, about 1.5 times
than in DNP buffaloes. Animals were assessed for recovery in BR
for 24 h and pulse rate declined at slow rate during post-work
period and normal! resting values were reached after about 12 h in
buffaloes but the crossbred cows took longer time to come. back to
pre-work normal values. Since the animals were monitored for the
recaovery upto next day, pulse rate exhibited an increase due to

normal higher ambient temperatures at that time.

The mean pre-work values of pulse while pulling 10 gtl load
vwere 64.50 * 4.33 and 65.50 *+ 1.85/min in DNP buffaloes and cows.
work of 10 gtl increased pulse in cattle and buffaloes (Table
4.1.1.4). Thereafter, animals were allowed to recover to about
75 per cent, and at the end of rest pause, the mean values ' were

71.75 + 3.61 apnd 81.25 * 2.50/min. Further work raised PR to
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82.25 + 0.48 and 93.00 + 1.22/min in buffaloces and cows
respectively. In these animal=z, PR took akout 9 h to return to

normal.

Statistical analysis indicated that PR significantly
(P < 0.01) differed between weight, gpecieg and during intervals
of gampling. PR also exhibited a positive correlation (P ¢ 0.01)

with RR (¢ = 0.,81l) and, RT (r = 0.84) but was negatively
correlated (P < 0.01) with Hb, Hct and glucose (Table 4.3.1.3).

4.3.1.3 Rectal temperature

The results for the changem in rectal temperature ({RT) of
working buffaloes and cows at different cart lcads have been
presented 1in Table 4.3.1.4 and statistical analysis in Takles

4,3.1.2 and 4.3.1.5.

Pre-work RT ranged from 37.7 to 38.7°C'in DNP buffaloes and
38.3 to 39.0°C in cows with a mean of 38.08. + 0,31 and 3B.65
0.14°c regpectively. When both buffaloes and cows were subjected
to 5 gtl load (load I), their RT increased to 41.21 + 0.44 and
41.02 +* 0.23%, regpectively. The increase in RT due to work over
pre~work value was 3.13°C in buffaloes and 2.37°C in cows. The
rest period decreased RT to 39.54 *+ 0.13 in buffaloes, and to
39.53 # 0.18°C in cows. The values of RT increased after second
work to 41.22 + 6.30°C in DNP buffaloes and 41.23 * 0.19%C in DNP
COWS .« After gecond round of carting, animals were assesgsed for
recovery in rectal temperature (Fig. 4.3.1.3). DNFP cows recovered

earlier in their RT than buffaloesa. DNP cows tock about & b te
return to pre-work RT {38.55 =< 0.14°C) but buffalces took longer

time of 9 h to return to 38.38 + 0.ld%u The patterns of recovery

for these animals have been presented in Fig. 4.3.1.3.



Table 4!3.1.4

cows during different cart loads

Rectal temperature “c) changes in working buffaloes and

Periods Dry non-pregnant buffaloes Dry non-pregnant cows
5 qtls 10 gtls s e 10 ;tis i
B 38.08 + 0.31  37.99 + 0.15 38.65 + 0,11 38.32 ;_0.11
AW-T 41.21 + 0.44  40.67 + 0.53 41,02 + 0.23 40,14 + 0.37
.Recovery 39.54 + 0.13 38.95 + 0.19% 39,53 + 0.16 39.21 + 0,26
(75%) . -
AW-X1 41.22 + 0.30  40.24 * 0.59 41.23 + 0.19  40.39 + 0.17
Rest after .
hours :
1 40.10 = 0.31 39.33 + 0.22 40.50 +-0.30 39.43 + 0.10
C 2 39.37 + 0,25  3B.84 * 0,19 39.79 + 0.29 39,27 + 0,20
3 38.72 + 0.18  38.560 * 0.14 39.09 + 0.2¢  38.82 + 0,08
6 38.50 + 0,09  3B.28 + 0.09 38.55 + 0.11  38.50 + 0.13
9 38.38 + 0.10 38,22 + 0.09 38.32 + 0.11 30.35 + 0.-15
12 38.09 + 0.15 37.86 + 0.24 38.44 + 0.08 38.17 + 0,11
18 38.18 + 0.16 38,08 + 0.15 38.53 + 0.09 38.18 + 0,01
24 38.61 + 0.28 38,12 * 0,20 39,42 + 0,22  38.72 + 0.15

The values

are mean + SEM based on two replicates on 4 animals
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The RT ranged from 37.6 to 38.2°C in DNP buffaloes and 38.1
toe 38.6°C in DNP cows while pulling 10 gtl load with a mean of
37.99 + 0,15 and 38.32 + 0.14°C. The work of 2.18 h increased RT
te 40.67 + 0.53 in DNP buffaloes at load II, with an increase of
2.68°%C over pre-work., When heat loada, both due to work and
environment were part%gned, cows stored heat of work at a rate
29.21 + 0.70 kJ/min while pulling load I and at a rate of 25.10 +
2.70 kJ/min while pulling load ¥I. The respective values in
buffaloes were 47.92 + 5.98 kJ/min and 41.77 + 2.89 kJ/min for
load I and load II. DNP cows fatigued after a work of 2 h weare
given a rest pause of about 2 h 30 min to return to 75 per .cent
of their normal values. The mean values of RT after rest were
38.95 1+ 0.19°C in DNP buffaloes and 39.2 + 0.26°C in DNP cows.
The rest period of about 2 h 30 min was not enough to bring back
the RT in both cows and buffaloes. Further increase in the RT
was noted after another period of work, the mean values of RT
being 40.24 + 0.59°C in buffaloes and 40.39 2+ 0.17 in DNP cows
after work {(Table U2 54 ). Animals took sbout 12 h te come back
to normal (Fig. 4.3.1.3). '

Statistical analysis revealed that RT is positively
correlated (P < 0.01) to RR (r = 0.84), PR (r = (.81} and
negatively correlated to Bb {(r = -0.39), Het {r = =0.29} and
glucose (r = -0.36). ANOVA indicated that RT differed signifi-
cantly between animals, weights, species and intervales of

gampling (P < 0,01},

4.3.2 HAEMATOLOGICAL CHANGES
4.3.2.1 Haemoglcbhbin (Hb!}

The haemoglebin (Hb) changes in the working DNP cows and
buffaloes during load I and load II, and at different hours of
work have been presented in Table 4.3.2.1 and gtatistical

analysis in Tables 4.3.1.2 and 4.3.1.3.



Table 4.3.2.1

Haemoglobin (g %) changes in working buffaloes and cows
during different cart Iloads

Poriods Dry non-pregnant buffaloes Dry non-pregnant. cows
5 gtis i ;;Es 5 gtis i ;E;;
B 12.28 + 0.15 12.30 + 0.24 11.25 + 0.13 11.83 + 0.09
AW-T 11.68 + 0.13  11.65 + 0.26 10.50 * 0,10  11.18 + 0.31
Recovery 11.75 ¢ 0.17 11.50 * 0.19 16.43 = B.15 16.98 + 0.23
(75%} -
AW-1I 10.88 + 0,51 11.20 + 0.25 10.03 + 0.13 10.70 + 0.30
Rest after
hours
1 10.88 + 0.43  11.50 * 0.26 10,23 + 0.14 11,00 + 0.36
2 10.80 + 0,36 11.35 + 0.22 10.85 +'0.10 11,23 + 0.35
3 11.00 + 0.37  11.73 * 0.14 10,75 + 0.09  11.25 + 0.36
6 11.63 + 0.14 11.70 + 0.18 10.93 + 0.09 11.28 + 0.37
9 11.75 ¢ 0.30 11.70 + 0.20 11.63 + 0.09 11.35 + 0.46
1z 11.795 + 0.06 11.95 + 0.10 13.98 + 0.06 1i1.53 + 0;38
18 12.15 # 0.17 12.05 + 0.10 11.83 + 0.17 11.65 + 0.2%
24 11.68 + 0.39 11.70 + 0.17 10.53 + 0.17 11.48 + 0.13

The values

are mean *+ SEM based on two replicates on 4 animals
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The pre-work mean Hb respectively were 12.28 + 0,15 and
11.25 + 0.13 g per cent in DNP buffaloes and cows. Pre-work Hb
wag higher in buffaloes than cows. The Hb in DNP buffaloes
ranged from 11.9 to 12.2 g per cent and in DNP cows from 11.0 to
11.6 g per cent. Hb levels decreased due to work effects to
11.68 + 0.13 g per cent in DNP buffaloces and 10.56 + 0.10 g

per cent in DNP cows, respectively (Table 4.3.2.1).

About 100 per cent recovery in Hb concentration was observed
after 18 h of rest, the mean values were 12.05 + 0.10 g per cent
in DNP buffaloces and 11.65 * 0.29 g per cent in DNP cows. A rise
in Bb concentratiocn has also been reported after second period of
work.  Statistical analysis of Hp in terms of analysis of
variance showed that Hb differs significantly (P < 0.01) between
animals, weights, species and periods. The interaction of
weights x species and species x periods alao had significant (P <
0.01) effect on Hb and correlation coeffi=’ cient of Hb with RR (r
= 0,42}, . PR (r = -0.53} and RT {r = -0.44} showed significarit
positive (P < 0,01} correlation, and a positive correlation (P <

£.01) with Het was found.
4.3.2.2 Haenatocrit (Hot)

The changes in the haematocrit (Hct) in DRP buffaloes and
cows at load I and load II at different periods have been

presented in Table 4.3.2.2, PFig. 4.3.2.1 and gtatistical analysia

in Tables 4.3.1.2 and 4.3.1.5.

The pre-work mean value of Hot in cows was lower than
The same trend was observed during different periods

cent in DNP

buffalces .
of intervals. The Hot ranged from 36 to 38 per



Table 4.3.2.2 Haematocrit (%) changes in working buffaloes and cows during
different cart loads

Pariods Dry non-pregnant buffaloes Dry non-pregnant cows
5 gtls 16 gtls - 5 gtls 10 gtls o
BW 37.00 + 0.41 36.75 + 1.11 34.50 + 0.65 35.25 + 0.48
AW-Y 33.75 + 0.63  35.00 + 0.71 32.25 5 D.B5  33.50 * 0.85
Recovery  33.00 + .22 34.25 + 0.95 31.00 » 0.41 33.00 + 0.41
(75%}
AW-T1 32.00 + 0.91 33.25 + 0.95 30.00 + 0.41 32.00 + 0.41
Rest after
houry .
1 ' 32,75 + 0.75  34.75 * 1,25 31.50 + 0.96  32.50 + 0.29
2 32.75 + .75 33.50 + 1.08 32.25 1_9.83 34.00 + 0.42
3 34.00 + 1.35 34.50 + 1,04 32,75 + 0.63 35.00 + 0.41
G 33.75 + 1.03 34,50 + 1.19 33,00 + Q.41 33.38 + 0.37
9 35.00 + 0.71 35,00 + 1.22 33,75 & 0,63 35.75 + 0.48
12 34.50 + 0.50 35,50 + 0.96 33,50 + 0,50 36.25 + 0.86
i8 36.75 + 0.25 35.50 *+ 0.65 33.25 + 1.26 3%.25 = 0.75
24 35.75 + (.48 35.50 + 0.98 31.75 + 0.48 34.25 + 0.48

The values are mean * SEM based on two replicates on 4 animals
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buffaloces with a mean value of 37.0 per cent and 34 to 36
per cent in DNP cows with the average values of 34.50 =+ 0.65
per ocent, respectively. During regovery, Het did ﬁot reach to
pre-work wvalue, but values decreased further to 33.00 + .22
per cent in DNP buffaloes and 31.00 + 0.41 per cent in DNP cows
with a range from 31 to 35 per cent and 30 to 32 per cent.
Another work further decreased Hct; the difference between pre-—
work and after second work in Heot was 4 in DNP buffalces but in

DNP cows was 4.50.

The pre-work mean Het during lead IT carting, respectively
were 36.75 * 1.11 per cent in DNP buffaloes and 35.25 + 0.48 per
cent in DNP cows which decreased to 35.00 + 0.71 and 33.50 + 0.65
after work. During rest, Het further decreased to 33.25 + 0.95
per cent in DNP buffaloes and 32.00 * 0.41 per cent in DNP cows.
DNP cows took about ¥ h to recover fully in their Het values but
buffaloes took slightly longer period to return back to pre-work
values. The values for recovery at Qiffeérent hours have been

presented in Table 4.3.2.2 and Fig. 4.3.2.1.

Statigtical analysis of Het in termzs of analysis of variance
indicated that Het differs significantly (P < 0.01) between
animals, weights, species, periocds and interaction of we%?hs X
species and speciez x periods. Correlation coefficient of Het
indicated that the Hot waa negatively correlated (P ¢ 0.01)} with
BRR (r = -0.40), BR (r =-0.54), RT (r = ~0.47) and lactic acid

{r = -~0.34) and positively correlated (P ¢ 0.01) with the Hb ir =
+0.70} .

4.3.2.3 PpPlasma volune changes

The plasma volume changes in DNP COws were more than
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buffaloes (Ttable 4.1.6.3}) during carting. After first phase of
work, mean volume change in ONP buffaloes was 10.57 + 1.34

per cent and in cowas 16,58 * 1.28 per cent,

The plasma volume changes wers more during second vround of
carting than cbserved at first work. When animals were subiected
to load II, the plasma volume changed by 8.57 + 1.0% per cent and
B.2 + 2.85 per cent in DNP buffaloss and cows after Ffirst phase
pf work, The change in plasma volume was higher in cows than
buffaloes (Table 4.1,6.3).

4.3.3 ENERGY SUBSTRATES

The resuits for blood glucese and lactic acid in buffaloes
and cows during different intervals of work and at different cart
loadz have been presented in Tables 4.3.3.1 and 4.3.3.2, Figs,
4.3.3.1 and 4.3:.3.2 and statistical analyeis in Tables 4.3.1.2
and 4.3.1.8. '

4-2.3.1 Blood glucosce

Blood glucose congentrationt befure onget of work mhoweé
vartations in both buffsloes and cows. The pre-work laveis of
blosd gluocose in DNP buffaloes ranged bhetween 44.30 to 51.27 ng
per cent and ranged between 38.75% to 47.77 mg per cept in DNP
COWE » The glucose levels showed a variable trend and no
characteristic or uniform change was abgerved during work in cows
and buffalces. Imposition of 5 qtl load {licad I} during hot~humid
geagon in DNP buffaloes and cows reduced gluccse concentrabions to
45.98 4 0,77 and 45.9% & 0.3% mg per cent from their respective
pre~work values of 47.9% + 0.69 and 45.06 # 8,35 mg per cent.

S5light increase in the mean sugar level was observed during rest
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pauge in buffaloes and cows. Another work period further reduced
the gluccae coﬁcentratians to mean values of 44,30 + 0,81 and
41.91 * 0.18 mg per cent in DNF buffaloes and cows. Decline in
the glucose concentration in buffaloes wag much faster than cows,
During the long rest pause, after end of work, glucpse
concentration increased and animals recovered their blood sugar

levels after about 2-3 h of rest (Table 4.3.3.1})}.

The pre-work glucose concentrations in DNP buffaloes and
cows were about similar, the mean values being 48.90 + 1.08 and
48.84 + 0.87 mg per cent in DNP buffaloes and cows. Imposition
of heavy load dropped blood sugar levels by 6.20 per cent in DNP
buffaloes and 5.76 per cent in DNP cows. Rest period after work
slightly recovered glucose concentration (Table 4.3.3.1). After
gecond work, animals were assessed for recovery and it was fo;nd
that pre-work levels were attained in 3 t¢ 4 h in c¢ows but
buffaloes took 1long time to come back to pre-exercize values

{Table 4.3.3.1}.

Anaifsis of variance of data indicated that differences in
glucose were gignificant between animals (P < €.01), loads (P <
0.01), periods (P < 0.01} and values were significantly affected

by interaction of weight x species.

4.3.3.2 Blood lactic acid

The lactic acid content of blood during rest varied from
10.77 to 15.44 g per cent in DNP buffaloes and from 10.77 to
16.43 my per cent in DNP cows. Lactic acid concentratioq
increased due to load I in both buffaloes and cows. However, the
changes were not uniform at different hours of "work .{Table

4.3.3.2). The overall pre-work mean lactic acid content was



Table 4.3.3.1 Blood glucose (mg %) changes in working buffaices and cows
during different cart loads

Pericds Dry non-pregnant buffaloes Dry non-pregnant cows
S grls 10 gtls S gtls 16 gtis
By 47.93 + 0,69 48.90 + 1.08 45.06 + B.35 48.83 + 0.87
AW-T1 45.98 + 0.77 45.87 + 0,63 42.98 + 0.37 46.06 + 0.84
Recovery 47.00 + 0.54  46.90 + 0.68 44.29 + 0.48  47.38 + 0.95
{75%)
AW-1X 44,33 + 9,81 44.92 + 0.57 41.9% + 0.18  46.25 + 2,32
Rest after
hours
1 45.54 + 0.94 44.97 + 1.40 44.24 + 0.74 47.08 + 1.12
2 45.86 + 0.76  42.97 + 1.77 44.82°+ 0.60  47.39 ¢+ 1.47
3 4@.34 + 0.65 43.90 + 1.50 44.88 + 0.41 48.31 » 1.37
6 46.45 + 0.61 43.74 * 1.60 45.91 + 0.29 48.70 + 1,30
o 46.82 + 0.51 44.99 + 1.51 46.00 + 0.53 47.54 + 2,10
12 46.18 + 0.68 45.78 + 1.26 46.48 + 0.37 48.91 + 1.62
18 45.70 + 0.84 46.09 + 1.52 46.48 + 0.25 49,22 + 1.41
24 47.93 + 0.54 47.02 + 1.41 45,21 + 1.62 49,83 + 1.42

The values are mean * SEM based on two replicates on 4 animals
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12.99 + 0.63 mg per cent in DNP buffaloes and 14.08 + .60 mg per
cent in DNP cows. Load I increased lactic acid content to 25.72+
0.26 mg per cent and 25.57 % 0.74 my per cent after first phase
of work. A rest period in between decreased lactic acid to 23.88+
0.98 mg in buffaloes and 23.44 + 0.79 mg per cent in cows and

recovery in LA was incomplete.

Lactie acid in DNP buffaloes and cows increased to 27.18 +
0.59 mg per cent and 25.57 + 0,80 mg per cent, respectively. Due
to second round of wark, the increase in the lactic acid occurred
by 109.24 per cent in DNP buffaloeg and B81.61 per cent in ONP
Cows . This increase over pre-work was of higher magnitude than
after first round of work. Longer rest was regquired to come back
to normal level in lactic acid and complete recovery took about

18 h (Table 4.3.3.2).

The rise in the lactic acid content over pre-work was much
more during load II as compared to Joad I. The pre-work average
LA values of 12.88 # 0.43 and 12.84 + 0.53 increased to 25.54 *
0.64 and 25.19 # 0.71 mg per cent after work in DNP buffalces and
vows, respectively. During rest, LA decreased by 82.01 per cent
in DNP cows. The lactic acid during rest periocd decreased to
23.07 + 0.66 mg in DNP buffaloes and 23.37 ¢ 0.89 mg in DNP cows.
The increase in the blood lactic acid due to second phase of work

wag to 25.83 + 0D.67 mg in DBP buffaloes and 25.47 + 0.86 wmg in

DNE COWS .

Statistical analysis of results revealed a mignificant

variation (P ¢ 0.01} between lcads, species and intervals (Table

4.3.1.2}.



Table 4.3.3.2 Lactic acid {(ng %} changes in working buffaloes and cows
during different cart loads

Periods Dry non—pregnant buffaloes Dry non-pregnant cows
5 qtls 10 gtls o 5 gtls 10 gtls o
BN 12,99 + 0.63  12.88 + 0.43 14.08 + 0.60  12.84 + 0.53
AW-T 25.72 + 0.96  25.54 + 0.64 25,57 + 0.74  25.19 + 0.71
Reaovéry 23.88 + 0.98 23.07 * 0.66 23,44 + 0.79 23,37 = 0.88
(75%)
AW-I1 27.18 + 0.59 25.83 + 0.67 25.57 + 0.80 25.47 + 0.86
Rest after
hours
i 25.38 + 0.60 24.47 + 0.54 25.56 3_1.10 24.63 + 1.10
2 23.51 = 0.58 23,20 + 0,62 20,69 * 1.14 23.51 + 0.58
3 21.82 5 0.52 22,47 + D.62 18.25 + 1.30  21.43 + 0.87
6 19.53 # 0.89 21.83 + G.80 17.30 + 1,30 19.37 + 0.78
9 16.71 + §.72  20.49 + 6.59 17.11 + 1,10 18.41 + 0.79
12 16.33 *+ 0.65  18.67 3 0.67 15.79 + 0.26  16.35 + 0.56
18 15.03 + 0.49  16.31 * 0.84 14,66 + 0.7 14.85 * 0.56
24 13.51 + 0.82 14.68 + 0.27 13.66 * 0.46 13,35 + 0.17

The values are mean + SEM based on two replicates on 4 animals
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The carrelation coefficient of lactic acid with other
parameterg showed a significant positive correlation (P ¢ 0.01}
with RR (+ = 0.56}, ER (v = 0,63}, RT (r = U0.66}; RR was
negatively correlated (P ¢ 0.01} tao Bb {r = 0.23) apd Yot (r =
¢.34). Lactic acid differed significantly (P ¢ 0.0l between

work loads, species and periods.
4.2.3.3 Free fatty acids

The results for plasma free fatE}acids {FFA}Y in dry non-
pregnant {DNP) buffaloes and cvows at different cart loads have

been presented in Table 4.3.3.3 and Fig. 4,3.3.3.

The pre-work average values of FFA were 331.33 s+ 113.88 and
296.93 + 41.81 umol/l in DNP buffalces and cows, respectively.
The FFA increased to 351.17 + 88.44 umcl/l in DNP buffaloez and
342,40 + 78.92 umol/l, while pulling & gtl (load I) cart load.
The increase in the FFA was more pronounced in DNP cows than
buffaloes, rise in FFA over pre-work in absolute terms was 1%.84
in DNP buffalces whereas in cows was 45.47 umol/}. buring rest
period, FFA further increased to 41%9.66 + 135.09 umol/l in
buffaloes and 480.96 + 123.360 umol/l in cows. Second period of
work reduced level of FFA in blood (Table 4.3.3.3). FFaA levels
fluctuated during recovery period and no uniform pattern was
observed. The mean values after 24 h of rest were 255.50 * 1.98
in DNP buffaloes., but higher values were observed in DNP cows

{Fable 4.3.3.3).

Similar pattern of rige in the plasma free fatty acid after
work was observed during 10 qtl cart load (Table 4.3.3.3}. Pre-
work FPA values were lower in cows than buffaloes{Table %.3.3:3).

A rise in the FFA content was seen upto 489.92 + 116.37 and



Tahlg 4.3.3.3

cows during different cart loads

Free fatty acid {umol/l} changee in working buffaloes and

Periods Dry non-pregnant buffaloss Dry non-pregnant cows
5 gtls 10 gtls 5 qtls 10 gtis
B 331.33+113.88 486.80+110.48 296.93+ 41.81 356.59+ 48.7¢9
AW-T 351.17+ 8B.44  489.92+4116.97 342.40+ 78,92 409.30+ 70,52
Recovery  419.66+135.09  288.40+ 27,98 480.96+123,30  354.27+ 74.35
{75%)
ANW-IT T 267.40+ 28,11 446,53+124.02 393.60+ 67.79 274,00+ 23.92
Rest after
houvrs :
3 255.33+ 13.54 496.10+161.79 280,62+ 19,19  347.39+ 43.79
12 365.10+138.03 437.90+161.79 434.90+ B4.98 313.20+ 29.6]
24 255.50+ 1.98  294.57+ 34.57 334.67+ 6B.24  262.75+ 29.94

The values are mean + SEM based on two replicates on 3 animals
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4069.30 + 70.52 umol/l in buffaloes and cows after load II. Rest
pause decreased FéA levels in both cows and buffalces to
respective mean values of 354.27 + 74.25 and 288.40 + 27.98
umol/l in buffalces but no uniform pattern of change was observed
in cows (Tabie 4.3.3.3). Three hours of rest increased FFA to
496.10 + 161.79 and 347.39 + 43,79 umol/l in dry buffaloes and
cows. Rest periods of 7 h decreased the FFA in DNP buffaloes and
cows to the respective values of 437.90 + 161.79 and 313 + 29.61
umol/l (Table 4.3.3.3). No significant correlation was found

with T4, FFA and insulin.
4.3.4. METABOLIC HORMONES

The results for metabolic hormones (T3, Tg and insulin} in
DNP buffaloes and cows during work and rest have been presented
in Tables 4.3.4,1 to 4,3.4.4 and ¥ige. 4.3.4.1 to 4.3.4.3.

4.3.4.1 Trijiodothyronine

The vresults for plasma triiodeothyronine (T3) levels in DNP
buffaloes and cows at differant periods of work and rest have

been presented in Table 4.3.4.1 and Fig. 4.3.4.1.

The resting pre-work T3 levels in DNF buffaloes and cows
were 0.70 + 0.24 and 0.24 *+ 0.03 ng/ml, reapectively. Load I
increased T3 levels to 1.12 + 0.89 and 0.4C * 0.14 ng/wml in DNP
buffaloes and cows. Rest pause decreased the plasma T3 levels to
6.44 + 0.19 and 0.38 * 0.17 ng/ml in DNP buffaloes and cows.
During rest period, T3 levels did not show any uniform pattern

(Table 4.3.4.1).



Table 4.3.4.1 Triiodothyronine (ng/ml) changes in working buffaloes and
cows during different cart loads

Periods Dry non-pregnant buffalces Dry non~pregrant cows
5 gtls 10 gtls 5 gtls 10 gtls
BW 0.70 + 0.24 0.28 + 0.05 0.24 + 0.03 0.22 + 0.04
Aw-T 1.12 + 0.89 0.18 + 0.01 0.40 + 0.14 0.34 + 0.04
Recovery  0.44 + 0.19 0,16 + 0.00 0.38 + 0.17  ©0.28 + 0.08
{75%)
AW-IX .98 + 0.45 0.25 » 0.08 0.25 + 0.03 0.30 + 0.13
Rest after
hours .
3 0.45 + 0.1% 0.18 + 0.02 0.28 + 0.13 0.29 + 0.11
12 0.44 + 0.16 1.20 + 0.90 0,49 + 0,24 0.19 + 0.42

| +

24 0.41 + 0,05 0.27 * 0.12 1.46 + 0.88 0.33 + 0.13

The values are mean + SEM based on two replicates on 2 animals
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At the beginning of 1§ gtl cart load, the average values of
T3 were 0.29 *+ 0.05 and 0.22 + 0.04 ng/ml in buffaloes and cows,
respectively. Heavy load did not induce pronounced changes and
Tz levels weare observed to vary within normal physiological
limits (Table 4.3.4.1). Statistical analysis in terms of
analysig of variance showed that T3 differed (P < 0.05} between

animals and loads.

4.3.4.2 Thyroxine

The resting pre-work average values of Ty in buffaloes and
cows varied from 12.49 + 1.60 to 44.77 + 11.97 ng/mi, with pre-
work levels being 12.73 + 2.12 and 44.77 * 11.97 ng/mi,
respectively in DNP buffaloes and cows {(Table 4.3.4.2). A drop
in T4 level was seen after work to 10.75 + 3.685 and 25.95 + 14.326
ng/ml. During recovery, respective levels increased to 26.93 *
10.25 and 38.57 + 11.54 ng/m! in DNP buffaloes and cows. Further
work increased these levels to 43.03- 12,2% ng/ml in DNP cows,
but levels in buffaloes declined. After 24 h of rest pericd, the
values of T4 were 20.70 + 2.78 in DNP buffaloces and 26.47 + 5.22
ng/ml in DNP cowsa (Table 4.3.4.2).

4.3.4.3 Insulin

The resultg for insulin in DNP cows and buffalves at 5 gtl
and 10 gtl loads during hot humid season and at different hours

of work and rest have been presented in Table 4.3.4.4 and Fig.

4.3+:4.3.

The pre-work average values of insulin in DNP buffaloes and
cows were 21,40 + (.51 and 17.07 + 2.49 uly/ml. The insulin
levels decreased after work to 17.21 % €.76 and 15.44 + 2.03-



Table 4.3.4.2 Analysis of variance for FFA, T3, T4 and insulin during
carting experiment

Source of d.f£. M.5.8. d.f. M.8.5.
variation === @0 @ —eeeeeee e
Fra T4 T3 Insulin
Animals 2 9564.61 1172,.07%* 1.30% 1 2.77
‘Weight 1 26031.74 6189.26*% 1.11* 1 0.43
Spaciesg 1 5997.26 362.17 041 i B1.01%*
Periods 6 12223.76 92.27 0.15 6 20,16~
Weight x 1 70557,03 629,11 0.05 1 30.50*
Species
Weight x 6 28325.20 251.239 0.18 6 17.58
Periods :
Species x 6 11255.64 190,26 0.25 6 4,63
Feriods
All effect & B8340.35 166,55 0.40 8 18.73
interaction
Error 54  23530.60  210.45 0.27 27 5.70

* p < 0,05 **p < 0,01



Table 4.3.4.3 Thyroxine (ng/ml) changes in working buffaloes and cows
during different cart loads

Pericods bry non-pregnant buffalces Dry non-pregnant cows
5 gtly 10 gtls 5 gtls 10 qtis
BN 12,73 + 2,12 14.66 * 5.08 44.77 £11.96  12.49 + 1.60
A-1 10.75 + 3.65 13.77 * 6.16 25.95 +14.26 22.97 *+ 4,56
Recovery  26.93 +10.25 21.37 +10.66 38.57 +11.54 9.90 + 2.48
(75%)
AW-II 10.16 + 3.04 38.43 +25.33 43,03 *12.25 10.42 + 3.07
Regt after
hours
3 12.42 + 6.72 3%5.03 s11.00 38,27 +11.80 8.01 + 1.91
12 7.68 + 2.44  25.43 & 1,72 29.23 + 2.92 12,27 * 2,76
24 20,70 + 2,78 34.53 + 9.13 26,47 * 5.22 11,74 * 6.69

The valoes are mean + SEM based on two replicates on 2 animals
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ull/ml in DNP buffalces and cowe, respectively. Pogt~exercise
insulin levels were 17.70 + 0.76 and 16.%2 + 2.23 uU/ml in DNP
buffaloes and cows. During recovery period, ingulin levels
increased {(Table 4.3.4.4). The per cent increase in insulin was
14.88 in DNP buffaloes and 64.82 in cows after 24 h of rest.
Recovery in the insulin levels took about 1-2 h. Almost similar
reaults were observed in DNP buffaloes apnd cows during heavy work
load (Table 4.3.4.4). Statistical analysis of results indicated
that insulin levels differed significantly (P ¢ 0.01) between
species and pericds. T3 levels did not show any correlation with

other parameters (Table 4.3.4.3).
4.3.4.4 Estrogen and progesterone

The results encountered for circulating estrogen and
progeztercone in DNP buffaloes and cows at loads I and II, and at
different hours of work have been presented in Table 4.3.4.5.
The progesterone concentration in DNP buffaloes varied from . ©.885
to 6.25 ng/mil. No specific pattern of change was observed in
most animals, but a few animals did exhibit a decrease in
progegterone. The pre-work progestercne levels were 2.38 and
2.07 ng/ml in DNP buffalces at load I and the respective .valuew
were 1.76 and 2.24 ng/ml at load II., During recovery period, the
progestercne lesvels remained almost at the same level as observed
at the beginning in all the DNP buffaloes and cows. DNP cows

showed a much lower value of progesterone.

Estrogen levels varied from 2.00 to 19.20 pg/ml in DNP
buffaloes, the respective values for DNP cows were 7.47 to 38.40
pg/ml.‘ The estrogen concentration during different hours of work

did not show any specific pattern of change in DNP vows - and

buffaices.



Table 4.3.4.4 Insulin levé]l (ul/ml) changes in working buffaloes and cows
during different cart loads

Periods Dry non-pregnant buffalces Dry non-pregnant cows
5 gtls 10 qgtls 5 qtls 10 qgtls
BW 21.40 + 0.51 18.12 * 0.76 17.07 + 2.4% 22.91 + 2.75
Recovery 17.70 + 0.76 19.64 + 1.02 16.92 + 2.23 23.24 + 0.42
{75%)
AW-131 17.47 + 0.48 15.19 + 2,02 14.47 + 1.65 18.33 + 0.48
Rest after
hours
3 18.93 + 0.35 19.61 + 1,23 21.57 + 2,14 18,35 + 2,54
1z 21.47 + 1.47 14,39 + 2.28 24.34 + 1,05 19.50 + 1.71
24 ' 20.07 + 0.88 15.56 + 2.48 23.85 + + 0.50

1.83 21.50

The values are mean + SEM based on two replicates op 2 animals
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Table 4.3.4.5 Plasma progesterone (ng/ml) and plasma estradicl~17 § (pg/ml)
changes in working buffaloes and cows during different cart

loads
5 quintal load 18 quintal load
Perinds Progesterone Estradial I'rogesterone Estradiol
Animals Animals Animals ’ Animals
1 2 1 2 1 2 1 2
BUFFALCES
BW 2.38 2.67 2.00  10.67 1.76  2.24 15.47 14.40
AW-T 6,25 1.91 3.20 5.07 2.07 2.53 12.80 10.67
Recovery 1.60 1.52 5.93  11.73 2.06 1.91 13.60 12.80
{75%)
AW-IT 2.22 1.60 14.93 9.07 i.81 3,15 16,00 14.30
Rest after
hours
3 1.76 1.9y 12.8¢ 10.87 1:76  2.38 19,249 16.00
12 1.91 1.92 ° 13.87 12.27 .60 0.88 12,60 16.00
24 2.22 1.60 14.46G 1£4.93 1.91 1.76 i2.80 14.40
oS
Pw g.50 0.068 13.87 27.73 0.05 (.05 17.68  20.27
AW-I G.88 $6.07  11.20 30.93 0.905 .05 17.07  29.87
Racovery .88 0.05 10.13- 34.13 0.06 0.05 17.60 16,53
(75%)
AW-I1 1.31 0.12  14.93 38.40 .05 0.95 20.27 18.13
Hest after
hours
3 0.17 0.48 15.47 20.80 0.07 (.06 8.3 10,13
12 6.00 $.067 12.27  19.20 0.05 0.0&6 .13'13 7.47

24 .28 0.06 15.47 18.13 6.03  0.05 18.13  16.53
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5.1 PLOUGHING

5.1.1 PHYSIOLOGICAL CHANGES

5.1.1.1 Respiration rate

Resting pre-work respiration rate (PR) of dry non-pregnant
(DNP) and lactating non-pregnant (LNP) crossbred cows, during
summer and winter, wek¢ observed to be higher than the pre-
exercise valuea of buffaloss with the overall mean difference of
about 11 breaths per minute during summer season (22.9 and 18.4
RR/min) and about 5 breaths/min (15.1 and 10.3 RR/min) during
wintey. These pre-work higher RR in crossbreds had greater
magnitude of difference during summer than winter (Table 4.1.5.1).
From these regults we can conclude that the resting respiration
rate of buffaloes are lower than c¢rossbred cows.. Thesa
differences in resting animals further indicate that buffalo at
rest spent 1255 oxygen to maintain their body weights under
identical conditions and the pulmonary exchange processes at
these rates were sufficient to maintain their metabolic needs and
thermal equilibrium. In general, these average resting values
- for crossbred cows observed during present investigation are in
agreément with the values observed in crcossbred animals by Sastry
(1969), Rao et al. (1974) and Acharya et al. (1979). The values
ocbserved in DNP and LNP buffaloces during summer are in agreement
with the values observed by Nangia et al. (1980} and Martin and
Teleni (1989) in buffaloes. Initial! RR of buffaloes during

winter are also in agreement of Kapoor (1985) and Dang (1990).
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The differencea in the RR in present investigation during
summer and winter are significant and have been attributed to the
variations in the ambient conditions,distinct climatic components
specially temperature and humidity. RR in both the species, cows
and buffaloes have been observed to be phyasiclogical compensated
effecty yresulting in increagse with increased ambient temperature
and decrease with decreased ambient temperature, These changes
observed were érimarily due to compensating effect in body heat,
due to changed environmental temperature (Thompson, 1973}).
Increage in the respiration was observed when animals were
subjected to work during both the seasons. Similar trends in
results have alsc bheen reported by Upadhyay (1982,1987), tUpadhyay
and Madan (19B5a}, Upadhyay and Rac (1935), Bhatnagar (198%) and
Sadan Bag (1932).

The abaclute values of RR in crossbréda were higher than
valuesg recofded in buffaloes. The changes interpreted in terﬁs
of per vcent increase over pre-work RR revealed that per cent
increase in crossbreds was lower than buffaloes. Reasons
attributed were that crossbreds started with a higher §re-work
rates than buffaloes, thus the capacity to increase in them was
limited. The increase in the RR of crossbreds (DNP and LNP cows)
during summer and winter were closely in agreement with the
values reported by Acharya et al. (1979} during summer after 3 h
of ploughing. In present study, almost similar values of RR were
observed after 1-1/2-2 h work, most likely due to soil cenditions
and sex differences as inh the present study -females were the
subject of experiment. But during winter almost gimilar values
were found after 4 h of work, Similar per cent increase in the

buffaloes has also been reported by Thakur et al. (1%87).
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The increase in the regpiration rate during work is a chief
compensatory mechanism to cope with the increaged demand of
oxygen of the actively working muscles. Increased RR help1 in
increasing oxygenation of bloocd, to deliver oxygen at much faster
rates to muscle cells (Naughton, 1979; vUpadhyay and Madan, 19853
‘A rest pause during work decreased RR in crossbred cows and
buffaloes to variable magnitude {Table 4.1.5.1). The extent of
changes in BR were often related to the duration of work and in
genaral these animals 4id not recover to pre-work levels, during
rest pause, after first month morning work phase. Two hours of
rest waa not enough to recover in RR to pre-work values, The
decrease in RR was faster during post work peried. Studieg of
Agarwal et al. (1982) on buffaloes havé alsc indicated that about

€ h are needed to recover animals to pre-work levels.

Further work after rest respectively increased RR to 83.3
and 61.4 during summer and winter in buffaloes. The absolute
valueg and per cent increase in the RR due to second round of
ploughing were higher than the first round of ploughing. The
per cent increase was 450.0, 496.0 in buffaloes during first
working period during sumner and winter, respectively. The
corresponding increase in RR of cows were 185.5 and 54.4
per cent. The increase in the RR was more during second phase of
ploughing during afternoon session as the rest period of 2 h was
not encugh to bring down the values, particularly under the open
environmental conditions when solar radiation and ambient
temperature wag maximum, Increase in the respiratory rate with
the increase of air temperature is one of the pronminent and
virmible physiological responze of working aniwmals. . Numerous
reports have been published indicated increase in the respiratory
frequency with increase in environmental temperature and have

been reviewed by Bianca (1965) and Thompson (1973). RR increase
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with increase in ieiative humidity (Rhoad, 1936; Sheath and
Miller, 1946) and decrease with drop in temperature {(Kibler and
Brody, 1949). Direct exposure to solar radiation also increases
frequency and ventilation volume in buffaloes {Chaiyabutr efr al.,
1983; chikamune, 1%987). Increase in RR upto 496 per cent in
buffaloez and 382 per cent in cows have been encountered during
the investigation. These were the attempts to maintain oxygen
availability depending on level of work and to eliminate carbanA
dioxide from the body to maintain internal milieu. This attempt
also helped in dissipation of heat of both work and enviornment.
The experimental animals during summer exhibited panting with
polyp nea and fﬁaﬁQP%T

5.1.1.2 Pulse rate

buring pregent invegtigation, pre-work PR encountered in DNP
crossbred and LNP cowe were more than buffalees during both the
seasong. The. lowest rate of 358 and 68 beats per min (bpm) were
recorded in buffaloes and crossbreds ragpectively. The average
pre~work PR were 69.2&“?5-3 bpm in buffaloes and 75.4, 73.8 bpm
in cows, durinyg summer and winter season. These values were in
close agreement with the values reported by Sastry (1969).
Acharvya et al. 1(1979) observed higher PR in orosshred and
indigenous bullocks during summer and winter season. Rao et al.
(1974} and Devadattam and Maurva (1978) have also found initial
lower values of PR than observed during present study in cows.

Present experimental working female buffaloes had higher pre-work

wean PR than reported by Sornphasifiti {(1987).

The increasa in PR im due teo higher freguency of higher rate
which oeccursdue to work under the influence of sympatho-adrenal

activity. Increase in heart rate due to exercise/work have been
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reported in humans and animals (Engelhardt, 1977; Rowell, 1974;
Bell et al., 1983: Upadhyay and Madan, 1986; Upadhyay, 1988). The
cardiac activity ing¢reasesd both due to intensity of work and
speed of the animals at work (Parks and Manohar, 1983). The
increase in the PR after first phase of work respectively was
80.50, 85.20 in buffaleses during summer and winter, whereas
increase in PR of cows was ¢f higher magnitude, i.e. 91.70 and
95.20/min during eummer and winter repsectively. The values are
closely comparable to the PR reported by about 90 bpm in ‘Swamp
buffaloes walking on a tread mill at 2.5 km/h for a minimum of 3
h pulling a draught load equivalent to 11 per cent of its body
weight.. In buffaloes, increase was about 29 per cent during both

the seasons, but‘in cows the rise was 22 and 24 per cent
during summer and winter, respectively. These results are in
close agreement with the results reported by Thakur et al,
(1987}. After work in cows, the absolute values were of higher
magnitude than buffaloes but per. cent increase was lower than

buffaloes. The reason for that may be that PR of the cows was

higher during pre-work.

Increase in the PR from 52 to 97 bpm has been reported by
Nangia et al. (1980) esimilar to thg&, results found in the prasent

atudy.

The increase in the heart rate represents a rise in cardiac
activity to fulfil the increased demands for oxygen during
exercise. The increased heart rate in response to exercise
though chiefly occure for supply of oxygen but also serves as a
heat Jlosing mechanism by increasing blood flow thruugh'the - gkin
which is of great importance in thermoly=sis {Bazettlet al.,1940).

The increased cardiac activity improves bleood flow through the
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skin by vamsodilation of the subocutaneous blood vessels which also

help= in heat dissipation.

Evidences from mammalian research have indicated that
central nervous system initiates or sustains patterns of cardio-
vagscular response appropriate to particular sets of physiological
conditions, particularly during stress of work or fear (Hilton
and 8pyer, 1980). Muscle vasodilation is a constant Ffeature
together with vasoconstriction in splanchnic and renal beds and
in skin, while-vasoconstriction and increased cardiac activity
ensure an increased cardiac ocutput. A decreased compliance of
the pulmonary arteries contribute to the mobilization of bleood
regaervoilre {(Szidon and Fishman, 1%71). These vari%% responses
are mainly brought about by the sympathetic ocutputs and vaso-
constrictor nerve fibars to 8 keletal muscle are apparently
inhibited when the vasodilator fibers are excited. This
inhibition 1is independent of the baroreceptor reflex {(Coote et

al., 1979).

Lower heart rate in buffalceg than ¢roamsbredas in present
gtudy may be an effect of conditioned chronotropic changes that
usually 1involve the synerg%pic action of sympathetic and para-
sympathetic cardiac innervations. Vaggl influences may be more
prominent in conditioned bradycardia,while changes in sympathetic
outflow may prevail during conditioned tachycardia. . However,
regardless of the direction of heart rate change during work, the
shortest latency change appears to be mediated by the vaggl
innervation (Cohen and Ranzfall, 1984}, |

& s
Pulse rate decreased during two hours of rest to 80. 74 in

buffaloes and 83.40, 77.90 in cows during summer and winter

geagon and PR did not return to pre-work levels. Earlier studies
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on draught animals at the Institute have alse reported that
physiological reactions may not return to pre-exercise resting
levels even upto 5-6 h {(Upadhyay, 1988). Another work period
after rest of 2 h increased the PR to the almost same level as
cbserved after first phase of ¢xercise. The per cent increase
aver pfe—work values wg£ about 24.82 and 30.00 per cent in
buffaloes and 21.00 and 24.00 per cent in cows during summer and

winter seasgons.

The lower resting value of PR during summer in buffaloes and
cowg indicateg a decrease in PR with the increase in temperature.
Mallick and Kehar (1952) had reported an increase in pulse rate
with the rise of environmental temperature, yet most of the
workers have claimed that either pulse rate was unaffected by
environmental temperature {Sheath and Miller, 1946; Riek and Lee,
1948; Williamg et ai., 1960) or decreased with the riase in
temperature. Studies on animals have often reported a rise in
heart rate due ¢to temperature effects, particularly in the
tropics. This is most likely brought to correct the imbalances
in heat production and storage and increased peripheral circula-
tion help in elimination of heat. Since present study did not
gantify the magnitude of change in heat losz due to increassad
circulatory responses, nothing could be anthentically stated
about the role of such a phenomenon particularly in the animals,

crossbreds and buffalces, whihrely on skin cooling effects

limitedly.

Since buffaloes and crossbreds were maintained under open
conditions in winter, animals exhibited higher PR, particularly
when the ambient temperature was low and animals had to exert
more for maintaining thermal balance, therefore needed extra heat

generation. AL other point of time when animals were not exposed
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to very low temperature, values for PR were found to bhe lower in
cows and lactating non-pregnant buffaloes during winter, Thesge
changes in PR may also be related to biologic adaptative
processes resulting from exercise effects similar to reported by
Upadhyay (1982) in bullock, and in human atheletes (Astrand and
Redhal, 1970; astrand, 1981).

5.1.1.3 Rectal tenmperature

The mean rectal temperatures in crossbred cows 39.12°C and
38.06°C Quring summer and winter, whichuW@re higher +than rectal
temperature of 38.33° and 37.60°C observed in buffaloes during
regspective seascns. The difference in RT of cows and buffaloes
during summer and winter was about 1°C in both .> the =easons.
The pre-work rectal temperature of buffaloes and cows are in
close agreement with the values repcrtéd for crossbred (Acharya
et al., 1979; Devadattam and Maurya, 1978; Sreekumar and Thomas,
1%989; Bhatnagar, 1989) and buffalwes (Nangia et al., 1980; Thakur
et al., 1987; bang, 1990; Sadan Bag, 1992).

The rise in the rectal temperature due to work over pre-work
values was 2.57°, 2.74°C in buffaloes and 1.94°, 2.28°C in
crossbred cows during summer and winter seasons. The increase of
RT in buffaloes was more as compared to cows over pre-work valuey

while working under natural environmental conditions with solar

radiant heat locad.

The rise in RT wak more in buffaloes than crossbreds. Most
iikely, these changes were due to higher radiant heat load in
cagse of buffaloes which they were unable to reflect due to less

hair density. guffaloes in general increase body temperature

more than the Zebu or crogsbreds. Increase in RT during work has
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been congidered a limiting factor for continuous work output
(Upadhyay, 1989). Earlier, Upadhyay (1987} had reported that
increase of 2.5°C should be regarded as intolerable by the
animals if other physiclogical reactions also increase linearly.
The increase in the RT of crossbred cows during present study wae
in agreement with the values reported by Sreekumar and Thomas
{1989) for crossbreds and Kangayam bullock, Maurya and Devadattam
(198%) for Jersey and Red Sindhi crogses and Khillari bullock,
and Upadhyay and Madan (1985Q for crossbhred bullocks.

In case of buffaloes, similar results have also been
reported by Taneja and Bhatnagar {1960), Rana et al, (1978) and
HNangia et al. {1980).

Intenasity, duration and speed of work detérmine the rate at
which animal c¢onsumeg energy and produce heat. Most of this
epergyféxpended during work, except the portion which is utilized
for work appears as heat which must be dissipated in order to
maintain a constant body temperature. The strategies for dealing
with this increased heatlproduction will differ from animal to

animal during different climatic conditions.

A drop in the rectal temperature after 2 h of rest was
recorded in buffaloes during summer (0.83°C) and winter (1.09°¢}
and in case of cows decrease was D.69°C during summer and 1.06%¢
during winter season. During winter, the drop in the rectal
temperature was faster than summer as animals were able to lose
heat to the environment being cooler than the body contrafy to
_the summer when heat is transferred to the body from environment

and animals are excessively distressed.
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The rest pause of 2 h after ploughing under such conditions
did not reduce the rectal temperature to pre-work levels. There~
fore, to recover RT to normal, not only animals nesd to be
protected from radiant heat but also addied meagures are
essential 1f heat alleviatjon iz to be aided .to Ffacilitate

complete recovery of animals.

Further exercise increasedthe RT to 2.27° and 2.34% in
buffaloes and 2.12° and 1.51°C in cows, respectivély during
summer and winter. Increase in the RT was almost similar after
' first round of work. From our results we have concluded that the
buffaloae increased rectal temperature faster than the cows
becauge of less number of sweat glands and =ubcutanecus fat
{Hafez, 1968). Heat load during summer increased rectal tempera-
ture of buffaloeg linearly to 43°c. These levels indicated that
buffaloes under stregs store heat more than crossbreds. Since
buffaloes have lesa number of sweat glanda (1.83 to 4.32 per mm2
of skin) as compared to indigenous bullocks (13 to 16 per mm?  of
skin)}, they get cool slower by sweating (Cockvild, 1974).
Buffaloes at high temperature often exhibit diatregs symptoms
like frothing and tongue protrusieon. To prevent any ﬁaﬁage to
physiological systems and brain due to excessive heat load,
behavioural manifestations, excessive frothing, tongue protrusion
and drooling of saliva must be cbserved during working and a rest
pause in between prolonged work period must be provided te
working animals (Upadhyay and Madan, 1985 Upadhyay and Rao,
1986; Upadhyay and Madan, 1987; Upadhyay, 1987).

The rate of evaporative heat loss in panting mammals during
exercise can reach levels that are more than double than those
occurring during rapid, shallow panting at rest in heat (Hales

and Bligh, 1969). In dogs, sheep, cattle and buffaloes, respira-
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tory minute volume increases rapidly during the work and
continues to rise till a steady state is established in relation
to work. This elevated respiratory evaporation, coupled closely
to high rate of blood flow in the nasal and oral gavities, mast
ageount for the observation that panting mammals show the great

brain cooling during exercise (Baker, 1882},

Bloed flow to the tongue and the nasal muceosa in the dog is
closely related to the body temperature and the rate of breathing
(Pleschka et al., 1979), Studies of blood flow demonstrate
increased blood flow to the tongue, the nasal mucosa, and the
maxillary turbinate in sheep (Hales ef al., 1979) in heat and
exercise (Bell et al., 1983).

5.1.2 HBAEMATOLOGICAL CHANGES

The resulte obtained during the present investigation
revesled that ploughing and ocarting for prolonged periods
continuously is accompaniasd by limited but distinct haematologi-

cal changes.

The overall pre-work mean Het in buffaloes during summer and
winter were 35.40 and 36.40 per cent respectively. The pre-work
mean values in  orossbred cows were 33,10 and 33,60 per gent
during summer and winter. In both the species, lower mean values

of Het were observed during summer season than the winter season.

Theé pre-work mean Hb level was 11.82 and 12.10 g per cent in
buffaloes during summey and winter respectively, but in gage of
cows the respective values were 10.91 and 11.71 g per cent . Hb
contents were also higher during winter, Similar trends in the

changes of Hb were also observed by Murti and Mullick (1860) and
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Raghavan and Mullick (1%62). The #Hot and Bb conbents in blood of
et and bhuffaloes have besn raported to have negative
asorrelation  with anbient temperasture. Deoresse in Hb has also
bean reporvted to be influenced by the direct solar radiation in
buffaloer and cattle {8hafie and Badreldin, 19621,

Pre-work Bbh and Hot concentration wam higher in buffaloes
than in erossbred gows during both the smeasonsg. These resulis
are in general agreement to Shafie and Badreldin (19627 and
indicate that af any particular eovironmental tenperaliore,
buffaloss have grester conbtent of Hb. fow B sontents in  cattle
have aiso been reported by Manvasa et al. (1948), Bonmoma et al.
(19407, Pal (1945) and Spealman of al. {1949},

The pre-work values of Bb obtained during this investigation
arg in general agreement to thome reported by Eingh et al.
(19684a) and BRao et al. (1974}, Haemoglobin concestration wan
glightly lower as compared to values of 12.13 & 0.05 g per cent
in crossbreds reported by Sreekumar and Thomas {1%8%). Variations
in Bb have baen rgéagfﬁ to the climatic changes and adéyﬁahiii&y
in eattle (Manresza, 13483,

?1¢&ghing reduced Heot and Hb content in both cattle and
buffaloes during summer and winter. The Hoet redoved 1o 33,80 and
34,38 por vent in buffaloes and in gows 31.00 and 33,20 per went
during sueper and winter regpectively. The Hb oontent corres-
pondingly devesased. The post-work Hb contents wers 11.44 and
11.25 g per vent in buffaloes and 10.42 and 11.16 g per cent  in
crogabred cows, respectively during summer and winter seasons,
Becline in haemoglobin and Het levels due to sffect of work have
algo been recorded by Singh et af. {(1968a), Sastry et af, {19707
and Rao et &), {19274} in buffaloes. Dpadhyay and Maden {(1588)
reported a decrease in the Hb and Het contents during cusrting in
Haryana and crossbred bullocks. Sreskuwnar and Thosas (198%) also
reported similar trend in ¥b and Het after work in  erossbred
bullocks. The decline of the #b and Hot in buffaloes during work
wire alws in asgreement with Rana ¢ al. (1878}, Singh e al.
11980}, Nangia et al. (1980) and Upedhyay and Rao {13833,
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Two hours rest further increased the concentration of Hb and
Het but the values did not reach the initial levels. Further
work after rest pause of 7 h decreased the concentration of Het
to 31.20 and 32.60 per cent in buffaloes and in cows 29.00 and
31.70 per cent, at load I and load II rezspectively. The decline
in Hb and Hot due to work effects is caused either due to hemo-

dilution effects or due to intravascular hemolysis.
5.1.3 PLASMA VOLUME CHANGES

Plasma volume changes raleculated on the bagis of Het and Hb
indicate that plasma volume expand to 5.99 + 1,10 and 6.34 + 0.96
per cent in DNP and LNP buffalcgs respectively during summer.
The respective changes in DNP and LNP cows during same season
were 7,23 + 1.70 and B.97 + 1.73 per cent. The plasma volume
changes in DNP and LNP cows during summer were higher as compared
to both groups of buffalces. The justificgtion for the plasma
volume changés may be that work in hot environment involves
processes related to work whereinlfluid loss needs to be compen-
sated. In that attempt, both extracellular: and intracellular
volume changes and other physiological systems important for
homeostasis of body fluid help (Senay, 1979). Studies on humans
have revealed that exercise involves changes in fluid volume and
both hemodilution and hemoconcentration oceour during heavy

exercise depending on state of hydration.

After recovery period, animals were again -subjected to
another period of work which further increased the per cent
plasma volume,  upto 22,93 + 1.90 and 17.57 * 2.3% in DNP and LND
buffaloes during summer season but in case of DNP and LNP cows
changes were lower in magnitude than buffaloes, being 16.00 and

16.72 per cent respectively. During winter, the changeg in
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plasma velume were lowar than encountered during summer season.
Upadhyay (1988} also found that continucus working of 3 h
expanded plasma volume to an extent of 16 per cent, and reported
that change could be even higher in some of the animals. In this
investigation, it was interesting to note that female buffaloes
often increased plasma volume greater than the c¢rossbhred cowsg
under s=imilar condition. The plasma volume expands to help
animal sgystem, in transport of nutrient, in maintenance of
cardiac output and in transport of heat teo tissunes jinvolved in
heat dissipation. This conclusion findg support from our own
regults of RT inorease, wherein increase in RT was less in
crossbreds with higher expansion of plasma volume than the
buffaloes, whose plasma volume expanded limitedly and temperature

of body increased to higher levels.
5.1.4 ENERGY SURSTHATE

5.1.4.1 Blood glucoge

The true blood gluccse levels encountered in the present
investigation ranged from 34.50 mg per cent to 48.44 mg per cent
in the working animals during both seasons. The average pre-work
blood glucose level in buffaloces during summer and winter were
42.64 mg and 43.75 mg per cent and in cows 41.79 mg and 42.16 mg
per cent respectively. From the results encountered, it 1s
evident that blood glucose was higher during winter seasocon in

both of the species than the summer season,

The average glucose levels declined with the risge of air
temperature but it d&id not have any specific trend as the higher
values (52 to 60 mg %) were also recorded at lower temperatures.

Pal et al. (1945), Riek and Lee (1948), Brody (1949} and Diven
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et al., {(1958) observed that increaging air temperature had little
or noc effect on blood glucese level. Increase in glucose due to

heat exposure has bsen reported by Singh and Bhattacharyya(1986).

8light reduction in glucose concentration of cattle and
buffaloes was observed due to work during summer and winter
geagons after first work. Thege results are in agreement with
the decreases in glucoze levels reported by Bhatnagar (1989} and
Anjuli (1988). Similar hypoglycemic responses due to work have
also been reported in buffaloes (Singh et al., 1979,1980) and
Haryana and crossbred cattle (Upadhyay, 1982; Georgie et al..
1970} . Upadhyay and Madan (1988) alsc reperted that changes in
blood glucose due to work do not ocour significantly. Hyper-
glycemic responéea in animals have also been reported {Beninati
et al., 1956; Teleni and Hogan, 1989; Komarudin-Ma'sum and

Teleni, 1991}.

In preseﬂt study during 2 h rest period after first work,
mear blood glucose concentration reached ¢o¢ almost pre-work
valuer indicating the magnitude of change in this study of minor
conseguences. This further revealed that blood glucose is either
utilized to a limited extent during muscular exercise or that
liver released glucose into blood stream from its =store of
glycogen or that the rate of release was so controlled that it
kept with the rate of uptake by muscle. In human atheletes, who
often work at their highest level of activity the glucose levels
were not altered, and blood glucose levels remain almost constant
{Newsholme, 1981). Ruminants, who limitedly use glucose for

mascle contraction, thus are likely to have limited changes

depending on integration of energy replenishing systems.
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Further exercise after rest pause ¢f 2 h decreased the blood
glucose to 39.55 and 38,30 nmg per cent in buffalees during mummer
and winter respectively. The decrease in crosshred cows wasn
38.3% and 37.57 mg per cent during summer and winter seasons,
respectively.

¥

S.3.4.3 LACTIC ACID

The overall pre-exercise lactic acid {La} levels observed
during present investigation were 11.37 and 12.12 mg per cent in
buffaloes and 12.20 and 12.45 mg per cent in crossbred cows
during summer and winber seasons respectively. These results
observed during present investigation were in agreement with the
values recorded by Georgie et al. {(1970) and Rao, {£§?4).
Slightly higher values of LA {(13.10 + 0.95 mg %} were chserved in
young buffale calves by 8ingh et al. (15%8,1988) but lower values
of LA in resting stage weve repurted by ﬁiﬁgh and Bhattacharyga
{1993, '

Increase in the LA concentration during work was obgerved in
the animals but the nagnitude of rise varied in different
climatic conditiongs. During summer. LA content dug to exercise
was doubled in buffaloes and orossbred cows, The inorgase in the
LA woontent due Lo work are in agresment with the reports on
cattle and buffaloes {(Rao et al., 1974: 8ingh et al., 1979, 1980,
Kapoor, 19%85; Upadhyay and Madan, 1988; Martin and Teleni, 1989,
Sreskumar and Thomas, 198%: andjuli, 19288; Bhatnagayr, 1989).

The rise in blood lactic acid encountered during present
investigation is most likely due to anserobic muscular activity
at the commencement of work, particularly in fast twitch muscle

fibre {Astrand, 1981} with low availability of oxygen, but after
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adaptation of the oxygen transport system and better capillariza-
tion of muscle, the energy demand of muscle is covered by aeraobic
process and the lactiec acid graduwally comes down and work is
often continued for hours. Another mechanism by which LA levels
could get lowered over continued work iz the utilization of
lactic acid produced by the muscle as a gubstrate in the Kreb's
cycle in the same muscle or in the resting muscle (Poortmans,
1881). Additionally, the liver and heart muscle also possess

capacity to utilize lactic acid (Astrand, 19%81}).

.After first phase of work, animals were allowed to rest £for
2 h during rest period LA decreased to 17.92 and 19.52 mg
per cent in buffaloes and LA levels did not return to pre-work
levels, Long rest pause of several hours will.he required to
return to pre-work level in the LA after work, because after 2 h

of rest, LA did not return to pre-work levels,

Further increase in the LA content was encountered during
pre=sent investigation after rest of 2 h., The increase was 1in
physiclogical limits in both the species of animals during summer
and winter seasong. The increase in LA c¢ontent in bufféloes
regpectively was 21.08 and 24.71 mg per cent and in cows 23.37
and 23.68 mg per cent during summer and winter seasons, respec-
tively. LA content did not increase excessively and values were

rarely exceeded and often they remained near values oheerved

after first work period.
5.1.4.3 Free fatty acids

The results obtained during the present study revealed that

work of ploughing for a prolonged period exhibited distinct non-

esterified fatty acid (NEFA) changes.
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The overall pre-exercise mean NEFA levels were 286.3 and
301.3 umol/l in buffaloes and 269,72 and 270.5 umol/l in cows

during summer and winter seasons reapectively.

From the knowledge gained in non-ruminant species, it
appears that plasma FFA could be of great importance in ruminant,
Annison (1960), patterson et al. {1964) and Reid and Hinks (1962}
have noted that the plasma concentration of FFA in sheep ig
similar to that observed in non-ruminants, namely 108 to 800
weg/l. Similar concentrations have been found in cattle by adler
and Wertheimer (19623, Adler et al. (1963}, Williams et al.
{1963) and Patterson [19631. In buffaloes during winter, the

pra-exercize PFA level wasgs higher than summer.

Bimilar jncrease in FFA was observed in sheep when exposed,
to cold temperature probably severe encugh to induce summit
metaboliam (Slée; 19686}, body fat reserves w&fe rapidly mobilised
and may provide & major source of energy. FFA will then be

utilised for heat producticon in the liver and skeletal muscle.

The results encountered during present study revealed that
FFA increased during work, the increase in buffaloes during
summer and winter being 373.7 and 333.8 umol/l respectively.
Similarly, increase in the FFA wag observed due to work in cows,
the wvalues being 323.19 and 411.34 umol/l during summer and
winter seasons, respectively. Rartiarso et al. {1989} found
aimilar trend in the level of FFA and reported that th&, pla;ma
concentrations of FFA increased during work, the increases being
greater in the thin than in the fat animals and grﬁéta; in pattlie
than buffalves. Kartiarso et al, (1987a3) found that FFA are

important sources of energy in working cattle and buffaloes.
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Teleni et al. {1991) also reported that FFA increased due to
work.

Regt period of 2 h after work again increased the FFA to
239.91 and 355.65 umol/l in buffaloes, whereas in cows the values
decreased to 320.22 and 367.17 umol/l during summer and winter
geasons, regpectively. Increases in FFA during rest period are
in agreement with the results reperted by Garg and Nangia (1979).
After 2 h of rest, the plasma FFA levels further increased by

18.76 per cent over decreased values in buffaloes during summer.

From the results of present investigation, it can be
concluded that FFA i¢ the major energy source for the working
animals. It is, therefore, important to make available both fat
and carbohydrate rich diets both prior to work period and during
work period to sustain work for longer duration or if output 1is

to be improved (Wachi}apaﬁg% and Wanapat, 198%).
5.1.5 METABOLIC BORMONES
5.1.5.1 Triiodothyronine and thyroxine

The circulating levels of triiodothyronine (T3) and thyro-
xine (T4} among cows and buffaloes were guantified in the blood
plasma drawn at different days and at differemnt pericds of work.
The mean plasma T, levels ranged between 3.64 and 47.40 ng/ml in
buffaloes during summer, and winter, the c¢oncentration ranged
from 3.80 to 88.10 ng/ml, and in cows during winter season varied
between 2.25 and 73.50 ng/ml. The mean pre-work values of T4 in
buffaloes were 23.30 and 22.32 ng/ml during summer and winter
geasonsg. These pre-work mean values are in agreement with the
values reported by Agarwal et al. (1583). The values found
during present investigation before work were on lower side than
the values reported by Dixit et al. (1984) and Bhatnagar (1989).

However, upper values of T4 are in agreement with Khurana

{1983).
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It 1ia evident from the study that the higher values of T3

and T4 were found during winter season in both of the =pecies.

Experimental evidences from different animal species
chronically éxposed to a 2¢ld environment have shown a-
significant rise in T3 levels without much changes in either TSH
or T4 circulating values (Sterling and Lazarus, 1977; Collins,
1978; Morley, 1981l). Studies of Aceves et al. (1987) have also
shown that mild cold weather conditions (10 to 18°C) caused a
gradual and sustained T3 increase in chronically exposed cows

without significant change in T4 circulating values.

Information on thyroid functions and hormonal changes during
heat acclimation and work in buffaloes and cows is limitedly
available except in climatic chamber studies {(Yousef et al.,
1967: Magdub et al., 1982). In general, theze reports have led
te the conclusion that heat exposure reduced thyreid giand
activity (Thompson, 1973; Johnson and Vanjonack, 1976; Johnson,
1980). However, a detailed analysis of these studies suggested
the occurence of a sequential adjustment in thyroid ﬁetabolism
characterized by an initial decrease in T4 concentration values

which is followed by a return to control level.

In general, T4 levels increased due to work over pre-work
values in buffaloes from 28.46 to 29.03 ng/ml and in cows £rom
24.01 to 25.84 ng/ml during summer. In  present study, after
ploughing, T3 levels decreased to 0.48 and -0.60 ng/ml during
summer and winter season. The decreasing trend.in plasma T3 are
in agreement with the trend observed by Khurana (1983), but

Bhatnagar and Upadhyay (1990) reported a rise in plasma T3 level

after 5 min of exercise.
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During rest period of 1 h, T4 levels decreased in buffaloes
and increased in T3 levels. Increases in plasma T3 levels have
also been reported by Khurana {(1983) in Haryana bullocks, while
pulling heavy loads. T4 concentration after rest decreased to
20,26 and 36.36 ng/ml in buffaloes and 23.65 and 25.42 ng/ml in
cowa during summer and winter seasong. The corresponding values
of Tz were 0.49 and 0.71 ng/ml and 0.46 and 0.50 ng/ml during
summer and winter aeasons, respectively. These values are in

agreement with the reports of Khurana (1983) and Anjuli (1988).

The pre~work levels of insulin in present investigation were .
found to be 14.70 ut/ml in DNP buffaloes and higher wvalues of
22.44 w0/ml in LNP buffaloes. The rewvpective values in DNP and
LNP cows were 14.15 and 19.18 ul/ml. The higher levels of
insulin in LNP animals have been attributed to higher metabolic
rateg of these animals, particuliarly to meet the necessjities of
glucose turn overs for higher lactose synthetic activity for milk
production. These results observed during present inveatigation
are in agreement with Bassetﬂﬁkﬁégﬁﬁ who found that the

concentration of insulin in plasma are positively correlated with

food or energy intake.

Decreasing trend in insulin was observed in all the working
groups after first work phase. The mean values of plasma insulin
in DNP and LNP buffaloes were 12.15 # 0.26 and 19.56 * 2.55 ub/ml
‘during summer and 14.85 + 0.45 and 17,43 *+ 0.80 uU/inl during
winter respectiveiy. The decreasing ﬁ%nds in insulin were most
likely to regulate the eneray needs for musclie to mobilize FFA

from fatty acid depots. Blum and Eichinger (1988} reported a
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decrease in T3 and T4 Quring walking in exercising calves.
Simi;ar trend was observed in DPNP and LNP cows during both the
seagona. During recovery phase, insulin levels increased rapidly

{Table 4.1.8.,3}.
5.1.6 GONADAL HORMONES

5.1.6.1 Estrogen and progesterone

Gonadal hormones, estrogen and progesterone in DNP and LNP
cows and buffaloes during summer and winter at different
intervalg of work have been presented in Tables 4.1.8.4 and
4.1.8.%, and Figs.4.1.8.4 to 4.1.8.7.

Plazma progesterone and estrogen levels d4id not show any
marked changes at different intervals of work and rest. The
progesterone concentration during summer in LNP‘ buffaloes and
cows varied from 0.05 to 0.40 ng/ml and from 0.05 to 1.20 ng/ml,
respectively. These values are in agreement with Pandey (1979},
who reported the values 0.066 to 0.09% ng/ml on day 1, 2 and 0.5 to
1.35 ng/ml on day 5 to 7 of the cycle. The values < 0.05 ng/ml
indicate that these animals were on the day of sample in ocesgtrus
because in the same samples the plasma estrogen level varied from
'12.80 to 17.97 pg/ml. The estrogen concentration in ILNP buffaloes
and cows are in general agreement with the values reported by
Prakash and Madan (1984). Kunmar and Rattan (1990) reported
gimilar values on day 2 of the cycle. Kumar et ai. {19%1) also
found similar results in Murrah buffaloes and have reported a
lower level of (.18 + 0,03 ng/ml for estrogen and 29.91l * 1.51

pg/m]l for progesterone on the day of estrus.
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During winter, estrogen and progesterone content were also
not affected by work at different hoursg of work. The results
encountered during winter are also in agreement of Doneki and
Nakahara, 1977; Pandey, 1979; Kumar et al., 1991; prakash and
Madan, 1984. However, no studies are available on the wvariation
in progesterone and estrogen due to effects of work or exercise.
Since these valuer did not exhibit any specific pattern of change
in either cattle and buffaloes, therefore, the exercise may not

have any gpecific influence on gonadal circolating hormones.

5.1.7 MILK YIELD AND ITS COMPOSITION

The average milk yields recorded during present investi-
gation were 4.64 kg/day in LNP buffaloes and 5.73 kg/day in cows.
during summer scason ahd a decrease in the milk yield was
obgerved during summer and winter in LNP buffaleces. The decrease
in the milk yield was almost similar in LNP buffalces during
sumner and winter seasone. Decreasze in milk vyield was mére
prominent only at later stages of lactation. Pecreage ' in milk
yield of working animals has aisc been reported by Rodriquez

éﬁmﬁlgﬁgi. The drop in the milk yield during summer is the effect
of combination of environmental temperature and work. Milk vield
decrease in working weeks of animals has also been reported
{Kibria, 1982: Goe, 1983; Jabbar, 1983; Mathewman et al., 1988B).
Increase in milk yield after work periced providea further
evidence of a work induced change on the milk yield, These
_animals after work did not reach pre-work yield, mainly dne to

the reascns that animals were in later stages of lactation.

The protein and lactose levels of milk in DNP buffaloes were
7.91 + 8.60 and 6.95 + 0.47 per cent and 6.95 * 0,47 and 4.49 per -

cent in cows during summer and winter seasons, respectively. Fat
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per cent, in general, increased to 7.%1 + 0.51 and 7.71 + 0.39
per cent in LNP buffaloces and 4.76 *+ 0.22 and 6.16 + (.69 per
cent in LNP cowse during summer and winter, respectively. The
increasing trend in the fat per cent due teo work has alsc been
observed by Mathewman et al. (1988). During post-work period,
fat per cent were almost similar to pre-work phase. The increase
in fat éontents could be attributed to the greater availability
of FFA in blood as a result of higher sympatho~adrenal activity

during work.

The pre-work mean values of milk protein during present
investigation were found to be 4.30 * 0.40 and 4.01 + 0.21
per c¢ent in LNP buffalces and 3.95 * 0.38 and 3.20 + 0.11 per
cent: in LNP cows, respectively during summer and winter seasons.
The protein per c¢ent in LNP cows wag found to be lower as
compared Ito buffaloes. These re=sults are in agreement to the

results reported by Mathewman et al. (1988),.

The lactoge concentration showed a decreasing trend due to
work (Table 4.1.92). Mathewman ef al. (1%88) have also reported a
declining trend in milk lactose due to work. The mean pfe-work
values of lactose were found to be 5,00 + 0.40 and 4.01 + 0.21
per cent in LNP buffalces and 3.95 + 6.38 and 3.20 * ©0.11 per
cent in LNP cowe during summer and winter seasons, respectively.
These values are in general agreement with the Mathewman et al.
{1988) and Mehta (1985). During work period, milk lactose levels
slightly decreased in both buffaloes and cattle. The changes in
lactose content of milk may be interpreted in terms of availa-
bility of glucose for synthesis of lactose., 8ince some of ‘the
animala did not exhibit a decrease in glucose due'to_work, most

likely the effects on milk lactose and fat were glucose and FFA

mediated {Larsen and Smith, 1974).
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5.2 CIRCADIAN RHYTHM

The mean wvalues for RR, PR and RT in buffaloes during
present investigation ware 19.25 + 1.70 breatha/min, 74.00 + 2.58
bpm and 38.48 2 6.10°¢ and the respective values in cows were
19.00 + 3.70/min, 69.50 + 5.12/min and 38,31 + 0.06°C. The
values encountered during present investigation in the morning
are in agreement with the values reported by Sastry (1969), Rao
et al. {1974), Acharya et al. (1979}, Dsvadattam and Maurya
(19783 and Upadhyay (1987). The physioclogical paramaters
remained similar at different intervals. Slight inerease in the
RR, PR and RT has been observed due to increage of envirconmental
temperature and radiant heat load. No such type of work has been
reported on rhythm variationg in phyasiological reactions in
cattle and buffaloea. The values during present study remained
almost at a steady level and were not affected due to variations

in snvironmental conditions.

Only mnminor changes in haematological parameters Hb and Het
content were geen and they ware of no physioclogical qcnséqueneas
in buffaloes and cows. The Hb and Bot varied from 10.50 + 0,31
to 11.45 + 0.37 g per cent and 32.28 * 0.85 to 35.00 # 0.70 per
cent in buffaloes and 10.94 + 0,39 to 11.85 + 0.17 ¢g per cent and
33.190 + 1.08 to 34.75 ¢ U.BS ¢ per cent in cows. These values
are normal values for cattle and buffalces, the variation in the
Hb and Hot shows that the experimental animals were well adapted-
to the partigular environmental conditions. - similar to the
changes observed in Hb and Hct, changes in glucose and LA wero

aleso not significant at different hours during -experimental

period.,



138

This study on physiological rhythm variations during experi-
ment. indicate that our experimental animalg were not distresused
exceagively due to environmental conditions and variations in
physiclogical reactions, energy substrates etc. have only very

limited compounding effects, particularly while work.
5.3 CARTING EXPERIMENT

5.3.1 PHYSIOLOGICAL CHANGES

Dry non-pregnant cowas and buffaloes were subjectad to 5 gtls
and 10 gtls loads in a pneumatic tyred bullock cart for
monitoring recovery in physioclogical process. The results for
the carting trials have been presented in Tables 4.3.1.1 to
4.3.4.5.

The pre-work RR of buffaloes was lower than the RR of
crossbred céws, the overall mean being 15,75 breaths/min fﬁr
buffaloes and 28.88 breathe/min for crossbred cows. Loads I and
Il increased RR to an average of 8l1.88 breaths/min in buffaloes,
which iz about 413.52 per cent increase over pre-work values.
The ingreame in the cows during work was 102.0 breaths/min
indicating an increase of 279,46 per cent over pre~work values.
Thig increase in respiration rate was brought about to meet
energy demands mainly at different levels of work. Higher RR
increase in buffaloea than crossbred cows indicated that RR was
influenced due to higher changes in RT during work. Different
levels of work induce changes in respiratory &ctivity not only
for supply of oxygen but to maintain steady state of oiygen' and
carbon dioxide tension in blood. The lactate levels which often

regulate pulmonary activity are likely to influence both tidal

volume and respiratory frequency {(Wiggers, 1955).
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In ruminants, cattle and buffaloes, particularly with
limited <faculty of thermolysiz, these pulmonary responses are
likely to compensate for the inadeguate faculty of sweat loss
mechaniams., The decrease in HR due to rest indicated that the
pulmonary system is ca@ahlapaf returniﬁg to pre-work levels asg
early ag possible but the work effects acoumulated in the Body
qften do not allew guick recovery in reaspiratory activity.
Panting wunder the aituation when enviromnmental heat locads are
great epough as during summer and hot humid periods, often
complicates the recovery process. These animalg, whan subjected
te another work period during afternoon after 75 per cent
recovery, increased some of the physiological processes further
and the effects were compounded effects of both environment and
work. These environmental effects were more pronounced dJduring

hot bumid pericd and in buffaloes particularly.

Increase in pulme rate to variable levéls due to loadw of 5
and 10 gtlzs was due to different levels of sympatho-adrenal
activity in animals. The effects of work in crosghreds were more
pronounced than in buffaloes. PBuffaloes reached a lower level of
HRE at eimilar work loads and recovery in HR even after long
overnight rest periods was not complets (Fig. 4.3.1.4). When the
pulse rate increase was viewed, in termsg of the changes in rectal
tenperature {(Fig, 4.3.1.4), the buffaloes ineoreased RT to higher
levels indicating a greater heat storage of work particularly
after second round., When the responses in RR, BT and PR are
interpreted in relation to each other, these changes are due to a
coordinated action in thege processes. Inare&sé in reapiratory
activity in biffaloss was more predominant and cardiac response
was limitedly influenced thereby indicating that bioaﬁ flow to

skin waz pot an effective heat elimination process in buffaloes,
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-mainly doe to less number of sweat giands per unit of akin
surface area, Ag im evidenced from the valines of heat stored
102,15 + 16,37 and 103.48 * 9.79 kJ/min in buffaloes during §
gtls load, and 87.37 * 11.56 and 72.17 % 16.07 kJ/min at 10 qtls
load, buffaloes gtored higher heat than crossbred cows under
similar conditions {(Table 4.1.5.5). 1Inp order to sustain work,
these animals not only reguired rest periods in between but after
the end of the day work or after stop due to fatigue, the
prolonged hours were cften needed for complete recovery as is
evident from the recovery curves in physiclogical process (Figs.

4a3qla1; 4.3.1.2 and 4.3.1.3}.
5.3.2 HAEMATOLOGICAL CHANGES

Changes in Hb and Hct cbserved during work of parting at 5
and 10 gtls are physiological effects of work as has been
indicated earlier in the discussion related to the effects of
ploughing on Hb and Hct. Hect and Hb changes during present study
are ' in normal physiological ranges which returned to normal
levels during rest period. Most likely these changes were
effect=s of plasma volume expansion in these animals. During the
carting work, buffaloes expanded their plasma volume to 9.57
per cent and cows to 9.74 per cent after first round of work but
the plasm; volume expanded to about 1% per cent after second
round of work (Table 4.1.4.3). These changeg in plasma volume
are brought into action through aldosterone-arginine-vasopressin
mechanismg to maintain fluid and electrelyte balance. Whether}
the induced hyper-volemia is an osmotic expansion as a result of
increased retention of cryestalloid within the intgavasculér sﬁace
or an oncotic expansion as a result of increased ' retention of
colloidg is still not clear. Upadhyay (1987) also observed that

plasma volume increased due to work in heat as a result of
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hemodilution in buffaloesa and cattle. These changes in Het, #b
and plagma volume in cattle and buffaloes are transitional.
Normally working animals do not deviate their Het and Hb content

and plasma volume do not expand beyond phvsiclogical limits.
5.3.3 ENERGY SUBSTRATES AND HORMONES

The changea in blood glucose, free fatty acids and metabolic
hormonez together indicate that both glucose and FFA are used for
muscle energy. Since intensity of work during present study was
moderate and animals were not excessively disturbed. The changes
in glucose and FFA levels were limited to physiological levels,
and indicated that FFA is primary fuel for muscle and glucose is
limitedly used by musgcle. Metabolic hormonal changes during work
buffaloes also support the fact that animals depend on FFA to a
greater extent for enerqgy. Decreased level of insulin in plasma
at different stages, as observed, also heip mobilization of FFA
from fat depote and it ism supported by the thyroid activit},
which . is reduced due to high heat content of the baody. The
ruminante thus react to work in different manner than humanzs in
whom ene;gy ig derived from glucose mainly and FFA only limitedly

support the energy process for muscle work.

Working animals reached to their pre-work glucose levels
after about 3 to 4 h or rest and after that remained almost at
the similar level which indicated that blood glucose content is
not affected due to work and return to almost pre-work levels is
guick. Increased lactic acid content in blooa due to work
indicated that anaerobic metabolic pathways were in operation for
supply of energy to limited extent as values of LA increased to
about 25 to 26 mg per cent only from their initial values of 12

to 13 mg per cent (Table 4.3.3.2). 1In the beginning of work,
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muscle energy is derived by anaercbhbic process but as pulnonary
activity, and cardiovascular gystem ig stimulated, the aerobic
process takes over and energy to working muscle is supplied by
aerobic process mainly. Animals working at light to moderate
levels often do not increase their blood LA levels excessively.
Since our animals were performing work at mederate intensities,
the LA content inc}ease was of minor significance and of no
patho-physiclogical conseguence. Thisg observation gets support
from results of second phase when increase in LA was restricted
to almost similar values observed after first round of work.
Experimental animals used during present investigation were
trained to work prior to actual experiment, thus these animals
did not produce and store enough lactic acid in their blood,
Report of Martin and Teleni (1989} that the lactic acid content
increase +to higher levels in evntrained anmimal could not be
supported from our observation as we used trained animals. The
rise in LA observed during present study did not return to pre-
work levels even after 5-6 h and often it took about 20 to 24 ﬁ.
Thiz indicated that LA during het humid pericds took longer

periods to return to normal.

5.31.4 STEROID HORMONE

The average progesterone levels in DNP buffaloes at loads 1
and IT were 2.62 + 0.61 and 1.73 + 0.08 ng/ml and the respective
values for estrogen were 9.65 # 2.07 and 10.63 + 1.15 pg/ml.
These pre-work values showed that the experimental animals were
at diffé?nt stages of estrus. These progesterone values are in
general agreement with Jainuddin et al. (1983) and Prakash and

Madan (1985). The estrogen levels observed in present study are

similar to reported by Prakash and Madan (1884) in buffalces.
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Kumar and Rattan (19%0) have also reported similar levels of
estrogen in Murrah buffaloes.

The average concentrations of estrogen in DNP cows at loads
I and Il respectively were 13.3 + 0.81 and 27.05 + 2,98 pg/mi
respectively. Thege values are in agreement with the values
reported by Bachalaus ef al. (1978) . These values indicate that
at the time of work cows were around the estrug and buffaloes
were in early luteal phase.

After second phase of work, estrogen and progesterone levels
remained almost at similar levels without any significant change
during rest pause.

5.3.5 WORK~REST CYCLE

During present study, buffaloes worked for 1.52 + 0.09 h on
an average and cows worked fer 1.32 + 0.63 h on an average. The
recovery in mogt physgsiological responses toék 1 to 2 h but LA and
FFA levels took longer periods to return to pre-work levels.
monitoring of physiological reactions after end of work indicated
that most physiclogical processes are able to return to pre-work
levels in about 10 to 12 h. Therefore, appropriate work-rest
schedule quring a day for females could be work;rest:work (2:1:2
or 2:2:2) hour during hot humid season in buffalces and cows. At
comfortable environments, these animals may be able to work for

prolonged hours as climatic conditions do not stress the animal

to the extent the summer or hot humid conditiona do. This
schedule of work-rest-work will bring back the animals to the
original pre-work levels. I1f the animale are distressed

hexcessively or environmental conditions are stressful, animals
will have to be given frequent rest pauses. If prolonged wcgk is
required from animalsg, they may have to be discontinued after
saveral days of work for 1 to 2 days for complete recovery in the

physiological procesges.
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6.0 SUMMARY AND CONCLUSION

U i P VY e s e e T e i ] e e Sk i Bt

Appafently healthy, ten crossbred cows and ten buffaloes
were gelected f£from the herd of NDRI, Karnal for experiments.
Among these, five animals were dry non-pregnant (DNP) and other
five animals were lactating non-pregnant (LNP}. The ploughing
experiments were carried cut in loam soil with a wooden plough on
both the groups of buffaloes and cows during summer thot dry) and
winter {ec¢old humidl. Only DNP cows and buffaloes were used for
carting experiments with 5 and 10 gtls leads during rainy (hot~-
humid} season. Before subijecting the animals to actual work, all
aniﬁals were trained for a period of 2-3 months for ploughing and
carting. The present study was aimed at'explcring the possibility
of use of females for work,to compare their.work performance and
energetic efficiency during summer and winter, and develop

work:rest cylce for proper use.
6.1 PLOUGHING EXPERIMENT

Draft power, speed of work and area plonghed by these
animals were measured. The width of furrow cut by the plough was
18 om and average depth of operation was 21 c¢n. The average
draft exerted by a pair of working animal while pulling a
traditional plough ie about 50 kg. Ploughing hy DNP cows wase
performed at an avérage gpeed of 3.22 + 0.21 km/h and by LNP cows
at 3.18 + 0,26 km/h, The speed of work in DNP buffaloes was 2.98
+ 0,14 km/h and in LNP buffaloes 2.96 + 06.03 km/h,
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The average worklutJput of a pair of DNP and LNP buffaloes
resgec?ive!y was 0;49 * 0.04 hy and 0.45 + 0,03 hp during summer
seagson. The performance of DNP aniwsle in terms of work auéput
{hp) wag more than LNP buffaloes implying that the DBNP buffaloes
parformed at higher rates than LEP buffaloes. The average speed
and hp developed by the LBP buffaloes were 2.98 + 0.08 kem/h and
0.49 + 0.01 hp during winter, the respective values for DNP
buffaloes were 2.84 *+ 0.13 kw/h and 0.44 + 0.02 bp during winter:
The ares cvovered by DNP cows during winter scason was relatively

less than their performance during summer season.

The results, obtained during summer and winter season, on
DHP and LNP buffaloes and cows, showad that cows may be sble to
work at a higher apeed than the buffalces, The ocows alse
developed higher output than the buffaloes. DNP buffaloes while
ploughing worked &t an average rate of 0.49 + 0.04 hp and
produced work energy at a rate of i65 .+ 0,88 ¥Keal/sh. and
consumed TON 3,78 + 0.4 kg equivalent to 15128 + 170.83
Kcal/day. Since these animals were DﬂP; therefore, were offered
inf maintenance ration and their TDN consumption was 3.78 * 0.04
i These animals during winter worked at lower rates of 130
7,3 Kcal and consumed energy in the form of TDN eguivalent to
12576 + 62,24 Kecal/day. The work output of LNP buffaloes during
summer was 154.60 + 3.25 Kecal and during winter was 160.8 + 2.4
Keal. LNP cows during summer produced work eguivalent to 156

Keal but oubput was higher (181,80 Keal) during winter.

The energetic efficiency of work output was calculated from
work performed and energy expended during work.as measured from
the respiratory guotient (RQ), indicated that buffaloes and cows

worked at an average efficiency of 20 te 28 per cent with a net
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energetic efficiency of about 38 + 5.00 per cent depending on the

~speed and work output from individuals.

Before starting experiment and after the work trial was
completed, all animals were obsarved for the circadian changes ig
physiclogical, haematological, bio- chemical and circulating
hormone . Ouring observations, all animals were kept under
natural environmental conditions and were monitored at 2 hourly
intervals for complete 24 h. No marked changes except in

physiological responses were obgerved.

During the experiments of ploughing, it was observed that
the ionger the animals worked, the higher were their body

temperature, heart rate and respiration rate.

The pre~work mean BRR  of DRP and LNP buffaloen
ragpectively during summer were 15.40 + 1.12 and 21.60" *
3.920/min, the values for DNP and LNP cows were 30.00 + 6.83% and
29.80 * 5.65/min. The pre-work valueg were lower in buffaloés
and cows during winter. The per cent increase after first round
of work was 51i0.21 and 376.79 in DNP and LNP buffalcoes during
winter. The pre—work level of pulse rate was higher in cows than
buffaloes during both summer and winter seaéons. The PR
increased to about 80-90 beats per minute from their resting

levels in cows and buffaloes.

The rectal temperature increased over pre-work values by 2
to 3°C in buffaloes and 1 to 29%¢ in cows during summer and winter
S2a50ns. The change in body heat storage as reflected through
increased RT at different hours of work indicated that during
work heat was generated for which animal had to bring about

physiological regulation. Different climatic congditions brought
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an added factor for change in thermal load. When heat loads were
partitioned to eliminate effects of ambient conditions, heat
storage calculated due to work effects was 53.61 + 0.36 kJ/min in
DNP cows and 102.03 + 46,72 kJI/min in DNP buffaloces. The heat
gtored in DNP buffaloes was more than in DNP cows. During summer
2sason, the respective figures for heat storage in LNP cattle and
buffaloes due to work were 136.98 + 77.78 kJ/min and 105.68 «
33.01 k¥/min. The heat storage during winter were lower than the
ohgarved during summer in cows and buffaloes. These results
indicated not only higher heat gain during work, but alsce poor
thermolysis as compared {o cows. The tongue protrusion and
frothing seean in them indicated an attempt to increase

evaporative losses from respiratory tract in buffaloes.

Ploughing reduced both Hb and Het levels in DNP and LNP
buffaloes and cows during summer and winter season. The plasma
voiume changes calculated on the basis of Hoct and Hb indicated
that plasma volume expand to 5.%9 *+ 1.10 and 6.34 + 0.96 per cent
in DNP and LNP buffalces, respectively, during summer. The
respective changes in DNP and LNP-QGWS were 7.23 + 1.70 and B8.9%7
+ 1.73 perlcent. The plasma changes in DNP and LBP cows during

summer were higher as compared to both groups of buffaloes.

The true blood glucose ranged from 34,56 to 48.44 mg per
cent in working animals. Blight reduction in glucome
concentration of cattle and buffaloes was observed due to work
during summer and winter seasons. Blood glucose returned to
almost normal levels after about 2 hrs. This further revealed
that blood glucose is either utilized to a limited extent during

exercise or that liver released glucose to blood stream from its

store of glycogen.
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The pre-work lactic acid levels obaerve& during presgnt

study were 10-12 mg per cent in buffalces and arossbreds during

summer and winter.Ploughing increased the LA levels by about 100

pPer cent over pre-work levels after 2 h of work. Complete

recovery in bleod lactic acid reguired sbout 9-18 h

Ploughing resulted into & decyease in plasma  irsufin,
increase in FFA and with only winor changes in triiodothyronine
and thyroxine in buffaloes during summer and winter.The changes

in glucoze wera not pronounced during work but free fatty acids

levels inoreased and insulin decreased. This indicated that the

FFA was probably the chief ensrgy source for working muscle,

particularly in cows and buffaloes.

Studies on sirculating levels of sstrogen and progesteronn
d4id not exhibit any marked changes dug to work or rest. This may

ke because they are gonadal hormones and gonadal functions are

not  changed due to work effects, rather there could be negative

effoct on work on gonadal funotions.

In general, it could be concluded that buffaloes and cows
may be able to work for a period gf i o 2 h for ploughing.
Buffalees ‘can gustain ocontinuous work Jomger than COWY ,
However, seasons play a prominent role in _limiﬁi?g apimal

performance .
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6.2 CARTING EXPERIMENT

To develop work rest cycle for working females, 4 dry non-
pregnant buffaloes and cows were subjected to 5 and 10 gtls of
cart loads for 2 h continucusly or till fatigue which was
earlier. The carting experiments were conducted during hot humid
geason when average maximum colsat ive haeridity  and temperatoree
were 86.33 * 3.67 per cent and 33.53° 1.23%. The average
working time while pulling load 5 gtl was more in DNP buffaloes
and cows than carting load of 10 gtls. The average speed was
3.08 + 0.22 and 3.38 + 0.11 km/h at load I and the respective
speeds at load II were 2.89 * 0.17 and 3.19 3+ 0©.27 km/h for

buffaloes and cows, respectively.

During carting expeariment at both the loads, the respiraticnl
rate, pulse rate and rectal temperature increased. Various work
hours increased RR of both buffaloes and cows. The net increasc
in RR was higher at load 10 qtls in both of the species. The RR,
PR and RT normally took about 9 to 18 h after second round of
work to come back to almost pre-work levels.Haemoglobin {Hb) and
haematocrit (Hct) levels decreased due to work of carting. Blood
glucose decreased due to carting work and lactic acid increased.
Blood glucose came back to pre-work levels after 2 h of rest.
Free fatty acids increased and insulin levels decreased.The
thyroxine level decreased and triiodothyronine increased during
wark.Gonadal hormones, estrogen and.progesterone, did not exhibit

any specific pattern of change during carting.

Monitoring of physiological reactions after end of work
indicakted that most physiclogical processes are able to return to
pre-work levels in about 10 te 18 h. Therefore, appropriate

work:rest: work schedule during a day £for females could be
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"2:1:2 or 2:2:2 hours during hot humid seasons in buffaloes and
COWS . This schedule of work: rest will bring back the animal to
almost the pre-work levels. At comfortable environments, the
animals may be able to work for prolonged hours.If the animals
are distresgsed excessively or environmental conditions are
impinging, animals will have to be given frequent rest pauses.
During a work s8season, if animals are used for 5-6 days
continuously, they may accumulate fatigue, therefore they may
have to be discontinued,after several days of work, for 1-2 days
foer complete recovery in their physiolegical andéd biochemical

processes.

This study on females thus concludes that dry non pregnant
aﬁd lactating npon pregnant cows and buffaloeg may be used for
light to moderate work for a period of 1-2 h continuously.
However work of longer durations may almo be taken with a work
irest oycle of 2:2:2 or 2:1:2 under comfortable envircnmental
canditions. If the animals are distregsed excessively or
environmental conditions are imp inging, animals will have to be’

given fregquent or longer rest pauses.
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