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ABSTRACT

A thermal death point of Sl.SoC.for 15 minutes exposure and 47.SoC for
4 hours exposure was determined for Callosobruchus maculatus F. Weight
loss was lower at higher humidities. Death after 12 hours exposure at 46°C
was due to both high temperature and the loss of moisture by evaporation,
and is therefore not regarded as a true thermal death point.

INTRODUCTION

Callosobruchus maculatus F. (Coleoptera: Bruchidae) is a very important
pest of stored cowpeas, Vigna unguiculata, in Nigeria. Infestation starts in
the field on mature pods and continues in storage (Caswell, 1970). C. macu-
latus has been known to develop at temperatures between 17°C and 37°C
(Howe and Currie, 1964). Below this temperature - range, hatching is deter-
red. while at higher temperatures. the eggs~ larvae and pupae are killed.
Taylor (1974) reported that development above 30°C aided the production
of "active" forms.

In this paper the highest possible temperature at which adult C maculatus
can survive has been determined at various humidity levels.

MATERIALS AND METHODS

Relative humidites of 0%, 30%, 60%, 90% and 100% were created in boil-
ing tubes (17cm x 2cm), using different concentrations of sodium hydroxide
as described by Buxton (1931) and Madge (1961). These 'were checked
using medium thiocyanate paper, as described by Solomon (1945) in a Lovi-
bond humidity test Kit.

Five day-old. females of C. maculatus were weighed and put in hollow
glass tubing (4cm x 1em), which was covered at both ends with fine nylon
mesh. These were suspended lcm above the aqueous solutions of sodium
hydroxide in boiling tubes maintained at 0%. 30%, 60%, 90% and 100% r.h.
The same procedure was tollowed for the males. The experimental design was
a randornised block with rive replicates. The boiling tubes were immersed
neck deep in a thermostically controlled water bath as described by Madge
(l9~) for oribatid mites. The apparatus was kept at temperatures ranging
from 40°C, 41 °e, 420e, 43°C, 440e, 4Soe, 460e, 47°C, 48°C: 490e,
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500C, 510C, 520C to 53°C for 15 minutes to equilibrate before starting the
experiment. Temperature was constantly checked using a thermometer, held
1em above distilled water in a boiling tube. as was done for the insects.

C. maculotus was exposed to each of these temperatures . [or 15 minutes,
4 hours or 12 hours. The experiment was repeated with a new group of
insects when all the treated ones died. At the end of each experiment the
insects were removed, weighed and placed in Petri dishes containing moist
filter papers. Records were kept only for temperatures where deaths occur-
red. Those that did not recover after 12 hours were presumed dead. The
number of dead insects was recorded at the end of this period.

Cowpea seeds were exposed to temperatures of 400C, 600C, 800C and
lOOoC for 0, 4, 8, 12, 16 and 24 hours in batches of 20. The seeds were
then planted out in boxes of soil and their germination was recorded.
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.- 1. Relationship between thermal death point and weight l036 evaporation in Jemale C. maculatus at
diHerent relative humidities 15 minutes 4 hours and 12 hours.
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Fig. 2. Relationship between thermal death point and weiPh,t Loss B eva mti . I C
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RESULTS

The thermal death points and weight loss by evaporation in female and
male C maculatus are given in Figs. 1 and 2 respectively. For IS minutes
exposure the thermal death point for both sexes was SI.SoC at 0%, and 60%
relative humidity, SO.4°C for females and SI.20C for males at 90%-relative
humidity, with a corresponding weight loss of S% for females and 6% for
males. For 4 hours exposure, the thermal death point was 47.S °c for 0%,
30%, 60% and 90% r.h. dropping to 46.SoC at 100% r.h. There was a
maximum weight loss of 12.S% for females and 10.S% for males at 6% r.h.
On exposure for 12 hours, both males and females survived at. 460C, but
could not live above 46.SoC. Weight loss was as high as 31% in males at 0%
r.h. and 27.S% in females at 30% relative. humidity. Thus both sexes have
comparable temperature tolerance thresholds,
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Analysis of variance test showed that in both male and female C macula-
Ius, weight loss was less at higher than at lower humidity levels. Mean
weight loss was highest at 500e in females exposed for 15 minutes while,
in the males, weight loss was significantly higher at 520e, and 490e than
at sloe and 48 °e (Table 1).
Table 1. Percentage weight loss of C. maculatus at different temperatures and relative humi-

dities after 15 minutes exposure.

(a) Females:
Relative humidity (%)/Percent Wt. loss

Temperature (0C) 0 30 60 90 100 Mean
52 9.45 6.95 5.95 5.97 5.62 5.40

51 4.68 4.08 4.01 0.02 0.53 3.52

50 7.29 7.72 7.07 6.04 5.48 6.72

49 5.68 5.62 6.98 4.42 5.36 5.63

48 5.35 3.93 3.03 2.99 1.99 3.46

LSD (5%) 1.23 )
for both R.H. & Temp.1% l.69 )

(b) Males:
52 9.20 10.46 8.43 1.03 3.62 6.l4

51 5.75 8.33 6.43 2.11 2.32 4.99

50 7.29 14.33 5.06 5.33 3.01 7.04
4.9 8.05 7.11 9.02 4.30 4.51 6.40

48 2.29 5.31 3.38 1.79 0.~8 2.44

LSD (5%) R.H. and Temp. = 2.82.

Table 2. Percentage weight loss of C. maculatus at different temperatures and relative
humidities after 4 hrs. exposure.

(a) Females
Relative humidity (%)/Percent Wt. loss

Temperature (0C) 0 30 60 90 100 Mean
48 14.41 12.42 12.63 7.54 4.40 10.28
47 9.06 10.61 12.33 7.16 3.77 8.58
48 8.20 12.75 19.43 10.24 7.51 11.63

LSD (5%) 4.61 (Temperature); 3.57 (relative humidity).

(b) Males
48 15.21 9.85 14.01 4.88 0.95 44.90 8.98
47 9.86 8.45 10.61 5.44 1.57 35.77 7.15
46 11.25 9.26 8.99 7.57 5.07 42.14 8.43

LSD (5%) 3.94 (Relative humidity; 3.48 (Temperature).

LSD (5%) R.H. = 3.94, Temp. = 3.05.
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Table 3: Percentage weight loss of C. maculatus at different temperatures and relative
humidities after 12 hours exposure.

(a) Females
Relative humidity (%)/Percent Wt. lo~s

Temperature (0C) 0 30 60 90 100 Mean

47 26.80 30.75. 12.12 12.99 3.10 17.15

46 22.91 27.38 21.49 10.62 7.74 18.03

45 15.25 14.43 9.00 4.14 4.34 9.43

LSD (5%) 8.91 (Relative humidity); 6.90 (Temperature).

(b) j}lales
47 26.51 33.22 28.19 16.75 12.46 23.43

46 31.42 23.59 20.11 20.56 12.45 21.63

45 19.74 14.41 10.53 8.29 8.44 12.28

LSD (S'lc) R. H. 10.54, Temp. = 8.16

For 4 hours exposure, weight loss did not differ significantly at the
various temperatures used for both sexes. Weight losses after both 4 and
12 hours were significantly higher (P L...0.05) at lower than at higher humidity
levels (Table 2). Weight losses observed for 12 hours exposure were much
higher than those observed at 4 hours, for most of the various temperatures
and relative humidities tested (Table 3).

Of the cowpea seeds heated at a temperature of 600C for 24 hours 95%
were viable. Above this temperature, viability decreased (Table 4).

Table 4. % germination of cowpea seeds exposed to various temperatures for different
periods.

Degree of heat °c Hours of heating

0 4 8 12 16 24
40 19* 19 19 19 18 19

60 19 12 19 16 16 19

80 15 0 0 0 0 0

100 19 0 0 0 0 0

*Twenty seeds were used in each case.
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DISCUSSION

This study has shown that C. maculatus, could withstand a temperature as
high as Sl.SoC for IS minutes. Generally, weight loss in male and female
C. maculatus was lower at higher humidities for the various periods of expo-
sure, but with prolonged exposure at lower temperafures, C. maculatus
lost more weight. Thus at 30% relative humidity, female C. maculatus lost
12.S% of its body weight at a thermal death point of 47.SoC for 4 hours
exposure while a weight loss of 27.5% at-a thermal death point of 46.SoC
was recorded for 12 hours exposure. Thus for a difference of 10C, an extra
lS% body weight was lost at 30% relative humidity. This showed that in
C. maculatus, death at 12 hours exposure was due more to a loss of moisture
through evaporation than to temperature effects and, therefore, cannot be
taken as the true thermal death point. The true death points are those
obtained at IS minutes and 4 hours exposure while death at 12 hours is
due to the combined effects of high temperature and desiccation of C.
maculatus through evaporation.

The determination of the above thermal thresholds for C. maculatus has
established the temperature at which a store can be maintained to the
exclusion of C. maculatus. without losing the viability of stored seeds. In
this studv cowpea seeds heatedto 600C for 24 hours rs had a germination
calc of 9S%
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