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Summary

Temperature in layers of different thicknesses of Azuki beans was measured and it was found
that layer thickness was a very important factor to consider when an attempt is made to disinfest
grains using solar heat. Thin layers of up to 3.0 cm required 1.5 hours to reach the temperature
of 55 C, that is fatal, if exposure is done for 4 to 5 hours, deduced from the literatures, while
still a thinner layer of 1.5 cm required only 30 minutes and a 4.5 cm thick layer never reached
that temperature. The 1.5, 3.0 and 4.5 cm thick layers reached highest temperature of 78, 67
and 51 C respectively. The 1.5 and 3.0 cm thick layers maintained temperature above 55 C
for 4 hours 50 minutes and 4 hours 20 minutes respectively. The 3.0 emthick layer, therefore,
seems the best and most practical.

In general it is considered that very thick layers need a long time for the temperature to rise
and do not reach so high, but keep the highest temperature attained for a fairly long time. On the
contrary very thin layers have the temperature rise quickly but lose the heat rather rapidly.
Therefore very thick or very thin layers being not convenient for solar heat disinfestation of
insect pests, a suitable depth of grains need to be selected.

Introduction

The use of heat to dry and control insect pests in grains has been investigated by many authors
( WensoLZ, 1917, MOOKHERJEE et al, 1968%, and YosHIDA, 1974, among others). However,
though solar heat is possibly the first method ever to have been used by man to dry and control
insects in his grains, but until recently, its manifold use in daily life and industry has not been
thoroughly investigated. Generally, the use of heat from the standpoint of safety, effectiveness
and utility during the season when control measures are most needed is superior to either
fumigation or freezing { PEPPER and STRAND, 1935)%. In connection with energy economy solar
heat being a useful source of energy and the safest and easiest to manipulate led us to investigate
its use by small scale farmers to dry and disinfest their grains in the developing countries. This
method for pest control in stored products appears to be a very appropriate alternative to
the sometimes hazardous chemical method or the utilization of other sources of heat which
would invariably be more expensive.

In the present paper the variation of temperature with depth of beans being disinfested was
investigated. Some authors when working on the problem of grain disinfestation using heat
have considered the importance of using thin layers of grains (MANTER, 1917 ¥ and CHAPMAN,
1921)¥ but data on temperature variation with depth of grains being disinfested is lacking.

Materials and Methods

Three different weights, 524 gm, 348 gm and 174 gm of Azuki beans, Phaseolus angularis
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Wight, were put in each plastic container (sides 2 mm thick) measuring 11.5 e¢m square and
4.5 cm deep to a depth of 1.5 cm (hereafter called A), 3.0 cm (B) and 4.5 cm (C) respectively

.
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Fig. 1 Three plastic containers. Azuki beans at different depth were put
in; A—1.5em, B—3.0 em, and C—4.5 cm deep.

(Fig. 1). The moisture content of the beans was about 15%. The sides of the containers apart
from the top were insulated with a white plastic foam (2,0 c¢m thick) generally used for packing.
Temperature detectors were inserted inside the beans and put at the bottom of each container.
In addition two more temperature detectors were put in the C container full of beans at the top
of the beans (about 0.5 cm deep) and the middle of the beans {about 2.25 cmdeep). Also aijr
temperature under a shade was monitored by another detector. All the containers were put on a
white plastic foam sheet (2.0 em thick) and placed on a granite pavement in a courtyard surrounded
by buildings. The temperature was charted using a digital thermocouple (EH 106—06, product of
CHINO Factory Ltd.). The experiment was carried out on the 13th of September 1982 from
10.30—17.00 hours. It was a fine day just after a typhoon.

Results

The temperature records are graphed in Fig. 2. Container A which had beans 1.5 cm deep
attained the highest temperature of 78 C and the 55 C level 30 minutes after exposure but gave
off the heat relatively more quickly later in the day (1 in Fig.2). The middle container B in
Fig.1 which had beans 3.0 cm deep attained highest temperature of 67 C and the 55 C level 1.5
hours after exposure and kept the high temperature for a considerably long time (2 in Fig. 2).
The last container C full of beans attained highest temperature at the bottom of 51 C and the
55 C level was not attained during the exposure period (5 in Fig.2). The middle detector in
container C attained highest temperature of 54.5 C but the 55 C level was not attained (4 in
Fig.2). The top detector in container C attained highest temperature of 60 C and the 55 C level
1 hour 10 minutes after exposure but gave off the heat most quickly and the temperature fluctuated
within a narrow amplitude (about 1 C) although the line in Fig. 2 was drawn neglecting that factor
(3 in Fig. 2). Making a comparison of the temperature trends among the three different depths in
container C, we can observe that the temperature at the top of beans rises most quickly and
reaches the highest temperature but drops rather rapidly. In the middle, the temperature rises
slowly and does not reach the level of the top detector but persists at its high temperature for a
longer time, while at the bottom, temperature rises most slowly and is kept at the highest
temperature attained for a fairly long time. The air temperature measured under the shade (6 in
Fig. 2) fluctuated little between 25 C and 27 C although the line was drawn neglecting that
fluctuation.

In the course of the experiment, a few water droplets started forming on the inside of the
glass cover of A and B containers later in the day. At 13,00 hours about two third of the glass
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Fig. 2 Temperature variations with bean depth and time of day. Temperature under the shade
" is also shown as control. The mumbers in the figure show the temperatures: 1, at the
bottom of 1.5 cm depth container A; 2, at the bottom of 3.0 cm depth container B; 3,
at the top, 4, at the middle and 5, at the bottom of 4.5 cm depth container C; and 6,
under the shade.

cover of the A container and one third of the B container were dim with moisture but the cover
of the C container was clear. Also a shadow was formed in the A and B containers which covered
more beans as the sun went down although the C container had no shadow. At 15.20 and at
17 hours, half and all of A container was shadowed respectively.

Discussion

For a practical purpose the following several factors should be considered ; first, the temper-
ature-rising speed, second, the highest temperature reached, third, the period maintained at the
highest level, and fourth, the bulk of beans that could be exposed at the same time. In general
the quicker the temperature rises, and the higher the level is attained, and the longer that level
is maintained, and the greater the bulk of beans that can be exposed at the same time, the more
facile the infestation can be controlled.

For the azuki bean weevil, Callosobruchus chinensis (L.), the adult is killed by the tem-
perature of 50 C in'5 minutes (YOSHINO and Harapa, 1936) ™ and QOSTHUIZEN (1940)® reported
that beans spread in thin layers in an oven and heated to a temperature of 48.9—62.8 C for
several hours or exposed for 1 hour in open sunlight when temperature under the shade was about
37 C was sufficient to kill all the weevils. Our unpublished laboratory results indicate that a
temperature of 55 C kills larvae and pupae of the weevil in 4 hours. For the southern cowpea
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weevil, Callosobruchus maculatus (F.), all stages are killed by a temperature of 63.3 Cin
15 minutes (Pabbock and REINHARD, 1919)” and larvae are killed in 20 minutes at a temperature
of 51—53 C (BREITENBECHER, 1923)%. BACK (1940)" reported that a temperature of 60 C for
5 minutes was not sufficient to kill the southern cowpea weevil but all stages were killed in an
oven of 60 C for 10 minutes. MOOKHERJEE et al (1968)® found that a temperature of 55 C for
4—8 hours was sufficient to kill the weevil. Our unpublished laboratory results conform to these
results. On the basis of these results it may be concluded that a temperature of 55 C for 4—5
hours is sufficient to kill all the weevils. Increasing the temperature to above 60 C would require
about 1 hour which was attained by the middle container B. It can be stated in this connection
that the bean layer thickness of 4.5 c¢m is not practical for sterilization purposes as the bottom
temperature does not reach a sufficient height although a large bulk of beans can be exposed at the
same time in that case. Hence, the middle container B having a depth of 3.0 cm seemed to be the
best and most practical.
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