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Summary

Four male swamp buflaloes weighing 466.5 + 44.6 kg were used ro study the elfects of different
cooling techriques on draught capacity. Each animal carted an 882 kg load on the same asphall road
for one hour during four different time periods: 92:00-10.00 A M.. 10:30-11:30 A.M.. 2:00-3:.00 P.M.
and 3:30-4:20 P.M. Simuwhaneausly, all animals were subjecied to five different treatnients on five days
of similar environmental conditions. In Treatmert |, animals were put staticnary in a field and did
no work; in Treatment 2, animals were worked withont any ccoling wethed; in Treatment 3. fifteen-
minute wallow was allowed to animails prior to working; in Treatment 4. animals were covered with
welted jule bags while working, and in Treatment 5. 1wo buckets of water were poured over the
bulfaloes™ trunks just prior to werking. The experiment was conducted from April to July 1989, when
the weather was very hot. I was found that cooling methads and working 1imes did not affect the
draught efficiency of Buffalces durinp the ane houe, but did aflect physiological traits. The work laad
had a larger parial ¢lfect on physiological responses ol buffale other than respiration rate than did
climatic variables except on the respiration ratc of the bulfaloes. One cooling lechnique that seemed
10 slow the jncrease of body temperature while working was covering the buffalo’s back with wetted
Jjute bags. Animals working at dillcrent times had significaet differences in the increase of physiolo-

gical traits except pulse rate.
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Introduction

Farmers in rura. Thailand have long utilized
draught buffalo as the major source of power
and they are likely 10 have ecanmomic importance
for years to come. However, there arc constrams
on the use of the bulfalo for work. One is that
heat stress always develops. when the buffulo are
worked in the heat of the day. Thevefore, farmers
have traditionally himited their use of buffaloes
to the carly morning or late afternoon. While
recagnizing that heatstress reduces the capacity
of buffaloes to work, this study sought to deter-
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mine how buffalocs might work most efficienty
in the heat of the day.

Materials and Methods

Four male swamp buffaloes with the age over
four years weighing 460.5 4 44.0 kg were used
in this study. Each animal pulled » 280 kg
pneumatic wheeled cart with a constant load of
602 kg on the same asphalt road for one hour
during each of four different time periods .

— 300 10:00 AM; 10:30-11:30 AM:; 2:00-3:00 PM
and 3:30-4:30 PM - Also each animal was
subjected to five different treatments on five days
of similar environmental condrtions: Treatment
I, animals stationary in a {ield without working:
Treatment 2, animals worked without any cooling
method; Treatment 3, a filleen-minute wallow
was allowed to antmals prior to working: Treat-
ment 4, (he backs of the animals were covered
with wetled jute bags with the size of 75 cm X
105 ¢m while working; and Treatment 5, (wo
buckets of water were poured over the buffaloes’
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trunks just prior to working. Normally. these
animals were prazed alang an wanimproved para
grass pasture during the day. They werce driven
back to their barn in the cvening where rice straw
andjor hay, mineral lice and water were available.
The experiment was conducted from April o July
1989, when the weather was very hot. The envi-
ronmental data i terms of solar radiation,
ambient temperature, and relative humidity were
collected during the study period.
Physiolopical Lraits recorded as criteria
comparing the responses of buffaloes receiving

tor

different treatments were pulse rate, respiration
rate, rectal temperature and skin temperature.
Puise was wmeasured as pulses per minute as
sensed at the base of the tai] and the respirations
per minute were recorded by observing Hank
mavemenis. Rectal temperature was measured by
inserting a probe of thermister into the rectum,
while skin temperature was measured by totching
the tp of the (hermister probe 1o the skin on
the back of the animals (Ngure 1). These meas-
urements were taken belore and after one hour's
work.

Draught foxce (D), speed of carting (V). and
tractive horscpower wcere used to determine for
draught capacity of the buffaloes. D was calcu-
lated from pull force (P), which was measured
with a spring dynamometer, using the cquation:

D = P cos g, where ¢ was the angle of line
of pull from the horizontal. Tractive horsepawer
was calculated using the cquation given by Goe
and McDowell (1980):

o = Dlkg) XV (kmyhe)

Tractive b 270

All data were subjected to analysis of vanance.
and treatment means were tesled for differences
by Duncan's New Multiple Range Test (Chan-
talakhana, 1980).

Results

Statistical analysis revealed significant differ-
ences in physiological traits but not draught
capacity of buffaloes receiving different cooling
treatments and at different times ol the day.
Environmental paramelers: solar radiation, amhbient
temperature, and relative humidity, for each time
period are shown in tables trcatment and each
I and 2 respectively.

Draught Capacity

[nflucnce of [reatments

Table | shows that buffaloes covered with
wetted jute bags generaled Jess draught lorce
{24.54 kg) than those recciving other treatments.
The highest force was produced by buffaloes
worked without any cooling method (26.16 kg).
The speed of carling was lowest in the group
doused with two buckets of water prior o
working (3,34 kmfhr), lollowed by those receiving
Treatments 4, 2, and 3 (3.43, 346, and 347
kmfhr). When the power of the animals was

B
C
A = skin temperature
B = respiration
C = pulse

Figure 1. Sites at which physiological traits were meastred.
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TABLE 1. THE EFFECT OF TREATMERNTS ON PHYSIOLOGICAL TRAITS AND DRAUGHT CAPACITY CF

BUFFALOES
. Treatment
- 1 2 3 4 s
Number aof buffaloes: 14 16 14 16 16
Environmental parameters:
Solar radiation {(W/m?) 567 579 566 546 520
Ambient temperature () 3s 35 35 35 35
Relative humidity (32) 63 60 6] 63 63
Draught parameters:
Draught lorce (kg) = 26.16 2476 24.54 2597
Speed (kmfhr) - 34¢ 3.47 34} 3.34
Tractive bp 033 0.2 0.3] 0.31
Physiological parameters: NW  (crvceiiaireian Wi ST b
Pulse rate (per min)
nitial 49 75 075 49,50 S198 50.87
final 26.1¢68 78.18" 71508 74.62° 76.68¢
difference 4,372 2743 22,00 22.870 25.81b
Rectal temperature (C)
initial 39.05° 38198 37.91¢ 3R8.598k 38.42¢
final 39.75 40.04 39.74 39.96 40.14
differerce 0.702 L.RS5P 1.83% [.37¢ 1.72¢
Skin temperature (C)
mitial 40.132 35,930 32.87¢ 34.034 34 867
final 41 36" 40708 40.00P 38.76° 40.00°
difference 1.232 4.770 7.13¢ 4.73° 5.14v
Respiration rate (per tmin)
inital 22,564 23.507 21.]3p 24312 21.13F
final 65872 96.87° 86.00° 89.31° 96.50Y
difference 43.312 73.37° 64.87 65.00v 75.37°

#¢ Mean on the same row under the same parameter with different superseripts are significantdy different

(p < 0.05).

NW = no work, W = work

calculated in terms of tractive horsepower, i1 was
revealed that buflfaloes worked without any
cooting method generated much more pewer than
other groups. However, the differences among
the values for huffaloes receiving different treat-
ments was not statistically significant

Influence of time periads

The buflaloes were scheduled to work for one
hour at (our different time periods: 9:00-10:00
AM. (Period 1). 10:30-11:30 AM. (Period 2),
2:00-3:00 P.M. (Period 3), and 3:20-4:30 PM.
(Period 4). The draught parameters of buffaloes
did nat differ signmficantly among the lour time
periods {table 2). However, the buffaloes which
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worked in Period 2 genevated the highest draught
force (27.51 kg). but at the lowest carting speed
(3.24 km/hr), [ollowed by those worked w Period
4 (2531 kg). Period 1 (2445 kp), and Period
3 (24.17 kg). with carting speeds of 3.4S5. 3.52,
and 3.39 km/kr. respectively. The tractive horse-
power of the buffaloes in Period 2 was higher
than that of the others.

Physiological Trails

Influence of lreatments

The pulse rate, respiration rate, rectal tem-
perature and skin temperature (table 1) ol non
working buffaloes increased less than those of
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TABLE 2. THE EFFECT OF T'ME PERIODS ON PHYSIOLCGICAL TRAITS AND DRAUGHT CAPACITY OF

BUFFALOES
. ~ Perigds
= | 2 3 a_
Number of buffaloes: 20 20 20 20
Environmental parameters:
Solar radiation {(W/m?) 519 731 621 354
Ambient temperature () 33 35 37 36
Relative humidity (%) 65 66 58 58
Draught parameters:
Draught lorce {kg) 24 45 27.51 24.17 2531
Speed (km/fhr) 3.52 3.34 339 3.45
Traclive hp 0.32 0.33 0.30 0.32
Physiological parameters:
Pulse rate (per min)
initial 48.25° 50.058 S1.200 52.600
final 67.95" 70.85%0 74.75P 70.55%
difference 19.70 20.80 2355 17.95
Rectal 1emperature (C)
initial 3847 3R.102 38.72P 38.74°
final 39.68° 39,788 40.22° 40.03°°
difference 1.518b 1.688 | S(pL 1.29%
Skin 1emperature ()
initial 34,892 35.62% 357780 35,960
final 400,242 41.37° 40.703b 38.36°
difterence 5.35* 5.758 4934 2.370
Respiration rate (per min)
initial 21.10 21.00 2370 24,30
final 70.952 RR.00P 104.40¢ §4.30P
ditference 49.85° 67.00° 80.70¢ 60.00°

e Mean on the same row under the same parameter with different superscripts are significamly diflerent

(p < 0.05).

working buffaloes (p < 0.05). Buffaloes receiving
a fifteen minute wallow prior to working (Treat-
ment 3) and the group covered with wetted ‘ute
bags (Trealment 4), lended to have a lower
increase of pulse rate and respiration rate than
those doused with water prior to working { [reat-
ment 5) and  those receiving no cooling method
(Treatment 2), although the differences were not
stalistically signtficant. The increase of rectal
temperature was lowest (p < 0.05) in huffalocs

wetted with bags. The skin temperature of buf-
faloes allowed to wallow increased significantly
more than the other working groups. Physiological
traits measused before work of buffalo receiving
Treatment 3 were lower than those receiving other
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treatments, but the differences were significant
only for rectal and skin temperatures.

Influence of time periods

Except fer pulse rate physiological parameters
of huffaloes were affected by working during
different time periods. The highest were recorded
during the middle of the day withrespiraiion rate
reaching 80.7 in period 3 and rectal and skin
temperatures  1.67°C  and S5.75C. respectively,
during Period 2.

Variation of physiological traits
The relationships between physiological res-
ponse and environment were calcnlated by means
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¢l multipic regresssion equations:

/ Pulse rate = —57.28 + 0.62SR + 1.38
AT + 0.47RH (R?=().30)
4 Skin temperature = 2.80 + 7.2ISR
— 0.I8AT + 0.06RH {R*=0.74)
A Rectal temperature = —0.90 4 0.55SR
-+ 0.03AT + 0.02RH (R*=0.21)
< Respiration rate = —96.13 + 48.66SR
+ 521AT - 0.79RH {R*=0.39)

where /1 is the increase in physiological traits,

SR s the solar radiation,

AT is the ambient temperature,

RH is the relative humidity, and

R? is the coefficient of determination of the
cquation.
The multiple regression equations reveal that solar
radiation had a marked eflect (p < 0.05) on the
increase in skin temperature of buffaloes and tha
ambrent temperature had a similar effect on the
change wn respiration rate.

Discussion

The work efficiency of buftaloes drawing a
laden pneumatic wheeled cart remained steady
{or one hour under strong suniight without thc
use of any cooling technique. While cooling
methods may be effective for buffaloes which
waork for longer periods, the work period in this
experiment was not proianged because of the risk
to the animals. The reason is that il the animais
considerably increase their respirations or the
other wards they are papiing. they can suddenly
die without any help. With the load used, buff-
aloes wencrated a force of about 35 percent of
their body weight, or about half oi their limita-
tion (Goe and McDowell, 198Q). The draunght
efficiency of the buffaloes did not appear to he
affected by the time of day over the range studied
(9 AM to 4:30 PM). These findings are similar
1o those reported by Bunyavejchewin et al. {1985a,
1985h). although the draught parameters
measured in terms of relative values.

It is obwvious thal the increases in all physio-
togical traits of working buffaloes were higher
than those of non-working buffaloes (p < 0.05).
In contrast 1o the observations of Upadhyay and
Rao (1985), in this study physiological responses
of working buffaloes were less aflected by climatic

WCIe

variables than work load except in the case of

respitation rate. The ratios of the effects of chi-
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matic variatles and work load on pulse rate,
reclal temperature, skin temperature and respir-
ation rate were 1:5.2, 1:1.6, 1:2.9 and 1:0.7. rcs-
pectively, Regardiess of the work load, the change
in each trait was mainly dependent on different
climatic wvariables. Solar radiation influenced
buffalo skin temperature, while ambient temper-
ature was the major factor affecting respiration
rate, Pietersen and Ffoulkes (1988), who studied
thermoregulatory responses ol working buffaloes,
reported ihat respiration rale and recta) temiper-
ature were positively related to {(p < 0.08) ambient
temperature, but respiration was nepatively related
{(p < 0.05) to relative bumidity. There was no
significant relationship between any thermoregu-
latory indices and solar radiation.

Both cooling techniques and time of day
directly affected physiological responses of working
bulfaloes. Fifteen minute wallows prior to working
scemed to lower changes in phbysiological traits,
with significant differences in rectal temperature
and skin temperature. The significant mcrease
of skin temperature of this group was due to
the lower initial temperature; the final tempervature
was not different from the other groups. De Los
Santos and Momongan (1988) found that the
provision of wallows before working significantly
lowered initial and final respiration rate and body
temperature but had no cffect on pulse rate. The
other cooling technique in this expenment which
slowed down the rate of increase in body temp-
crature of buffaloes was covenng the backs of
the buffaloes with wetied jute bags. Similarly.
Pietersen and Ffoulkes {(1988) repoited that the
increasc of thermoregulatory responses of buffaloes
coveredt by wet sacking were significantly lower
than that of buftaloes left uncovered. Also.
Chikamune and Shimizu (19835} found that cov-
ering the trunks of bhuffaloes with white c¢loth
was an ellective methad to protect the buffalo
against the effect of sclar radiation.

Changes o physiological traits, except pulse
rates, were lower daring 3:30-4:30 PM  work
period, however, measurements were not taken
in the very early moming or late in the afternoon
because the information from previous studies
{Bunyavejchewin, 19833, 1985b) showed that these
times were suitable times for baffaloes to work.
[f farmers have extra work., the resulis of this
study suggest thal they can use their buftalo by
giving the similar work load to ihis study under
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summer enviropmental conditions lor one hkour
with the sate range in physiological changes and
withowm any decline in draught capacity.

Conclusions

It can ke concluded that cooling methods and
changing umes of werking did not aflect the
draugki efficiency af boffaloes although there was
an effect within c¢ne hour on physiological 1raits,
Work load had a larger effect than climatic
variahles an thesc physiological responses. except
in 1he case of respiration rate.

One cooling technigue that appeared t¢ slow
down the increase of body tempcrature was the
covering of the buffalo’s back with wetted jute
bags. In addition to working in the early morning
or late afternoon on hot summer days. farmers
may use their huffaloes for one hour during the
middle of the day without great effect on their
physialogical responses.
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