


Effect of heat stress on conception in a dairy-herd model in Natal

Weather Safety Index (LWSI) indicates that in large
areas of South Africa and Namibia prolonged peri-
ods of warm climatic conditions cause heat stress
in food-producing animals, especially in dairy cattle,
thereby hampering their performance (Du Preez &
Giesecke 1990; Du Preez et al. 1990). Du Preez
(1992) showed that the annual loss—as a result of
heat stress on conception—in dairy cattle in South
Africa amounts to more than thirty million rand.

The purpose of this study was to investigate the re-
lation between the THI and conception rate in dairy
cattle in'the Natal highlands, a highly populated dai-
ry area of South Africa, and to develop a model for
the prediction of the conception rate of dairy cattle
in that region under various T+ -onditions and dur-
ing different periods of the year.

MATERIALS AND METHODS

Meteorological data

Meteorological data from the nearest weather sta-
tion were obtained from the South African Weather
Bureau Publication WB 40 (Weather Bureau, Depart-
ment of Environmental Affairs 1988) and updated
reports, as described by Du Preez et al. (1990). The
THI values (Table 1) were calculated according to
the methods described by Kibler (1964).

Dairy-herd model: experimental animals

The investigation was conducted during the period
1985 to 1991 on a herd of 130 Friesian cattle on
the Natal highlands near Lidgetton (latitude 29°26'S,
longitude 30°06'E and altitude 1204 m) in a semi-in-
tensive system. The total number of lactations from
1985 to 1991 was 429, with an average of 3,1 per
cow. The herd was machine-mitked twice a day.
The cows varied in age, number of lactations and
daily milk yield. Breeding occurred throughout the
year. The standard of management, animal hus-
bandry and hygiene was high. All artificial insemi-
nations were done by two qualified inseminators
who used certified semen. The average milk yield
per lactation per cow, over a period of 300 days,
was 7041 kg. Oestrus-observation efficiency was
good, and observations were always performed by
the same trained personnel. The calculated mean
interval between oestrus periods was 25. Cows
were culled after the fifth unsuccessful insemina-
tion.

Reproduction parameters

The relationship of the mean actual monthly concep-
tion rate to heat stress in terms of the THI was in-
vestigated. Conception was verified by rectal palpa-
tion 8 weeks after insemination and by birth of live

Classification of THI values

The calculated THI values were measured against
the classified THI values according to the LWSI of
the Livestock Conservation Ins  ite to evaluate whe-
ther dairy cattle were heat stressed: a THI of 70 or
less indicated a normal LSWI level, 70-78 an alert
level, 79-83 a danger level and 83 or above an
emergency level.

Statistical methods

First- and second-degree polynomials were fitted
[Statgraphics (Statistic Graphics Corporation)] for
the monthly mean percentage conception rate
(1985 to 1991 data) on the monthly mean THI (Ta-
ble 2). A second-degree polynomial was also fitted,
the numerical month of the ye  being used as the
independent variable. The rearessions were com-
pared with those obtained for 1e Transvaal High-
veld (Du Preez, Terblanche, Giesecke, Maree & Wel-
ding 1991) by the method described by Groeneveld
(1970), and the program POLKT (Agrimetrics insti-
tute, Agricultural Research Council, Pretoria) was
utilized.

Prediction of conception rates

The monthly mean conceptior ites for dairy cattle
according to the equation: CR % = 388,3 — 4,62 THI
(Ingraham 1974) and three regression models were
investigated and used to predict conception rates.

RESULTS

The mean percentage conception rates, the fitted
polynomials, the regression equations and the prob-
abilities for goodness of fit are presented in Fig. 1
and 2. The relation between percentage conception
rate and the THI was better described by the linear
than the second-degree polynomial. The percentage
variation explained (Fi2 x100)was ,6and 34,4 %,
respectively, for the two regressions. For both the
linear and curvilinear regressions on THI, the stan-
dardized residual for the conception rate for No-
vember was larger than 2 (-2,19 and -2,92, respec-
tively). Treating this observation as an outlier and
omitting it, resulted in improved goodness of fit for
both regressions (P = 0,041 and 0,013, respectively;
see also Fig. 1). Sample size for this conception rate
was the smallest of all months (n = 25; see Table 2).
The conception rate for February had the second
largest standardized residual (n = 26). A somewhat
poor relationship was obtained for the mean percen-
tage conception rate on the numerical value of the
months and only 25,7 % of the variation could be
attributed totl  atter variable. However, omitting the
observation for November (outlier) improved the
goodness of fit considerably and as much as 42,5 %
of the variation was accounted for.
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factors, such as shade utilization and dietary factors
may also have played a role.

The relatively poor fit of the second-degree poly-
nomial for conception-rate percentage on the numer-
ical month value is probably due mainly to the con-
siderably larger variation in conception rate during
the summer than the winter months. Predicting con-
ception rate according to the month of the year is
not recommended, as this can be used only under
similar climatological conditions and is insensitive to
changes in actual THI values.

Precautions against heat stress. such as shade, air
movement, cooled drinking w ar, diet alterations
and wetting (Du Preez & Giesecke 1990; Du Preez
et al. 1990), may improve conception rates in the
Natal region of South Africa. The models for the pre-
diction of conception rates under Natal conditions
can be used to implement short-, medium- and long-
term precautions against heat stress in dairy cattle
with low conception rates.

CONCLUSION

Preventative animal husbandry and management
precautions against heat stress—which may increase
conception rates—can be taken in areas in Natal,
where reduced conception rates are predicted by
the regression models accordi | to the THI values.
Further investigations into the effect of heat stress
on the reproduction of dairy cattle in South Africa
are suggested. From the results reported, the con-
ception-rate trend may be significantly different in
different regions of South Africa. Finding accurate
prediction models for all the important dairy-cattle
demographical regions in South Africa should have
a high priority.
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