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I. Introduction

The rice weevil (Calandra orysae L.} is widely distributed, being found in
the temperate, sub-tropieal, and tropical zones; but it thrives best in the last
two named, In China the authors have found it as far north as Kalgan (41'N.)
and Sui-yuan (41°N,) and as far south as Canton (23°N.). The morphological
characters closely resemble those of the granary weevil ( Calandra granaric L.)
althongh the rice weevil has hind wings with four marks on the elytra, Itis
found farther south than the granary weevil, too,

In spite of their wide distribution, the presence nf the weevils to a serious
extent is very irregular and varies with the year, season, and locality as weil
as with the storage buildings. From the results of this experiment, we can
say that a very high humidity (90-100%} and & high temperature (24-29°C.) are
the most effective factors in eausing an outbreak of the rice weevil, However,
oviposition is limited to a temperature not higher than 35°C., nor lower than
10°C., and to a relative humidity not less than 60%.

II. Material and Methods Used

The weevils used as experimental material were taker from wheat stored

*The autt desire to exp their appreciation to Misses W. S, Yang and C. Y, Teng for their

technical assistance during these studies,
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at the experiment station of the College of Agriculture, National Cenfral Uni-
versity, Nanking. Since all the experimental material was obtained from the
same place, we can suppose that the weevils were subject to the same environ-
mental conditions during preceding generations,

For the experiments we first seleeted weevils of the same color and size
and then divided them according to sex, putting one pair into each small ram-
boo pipe for rearing. The rearing pipe used is about 3 em. in length and .7 em,
in diameter with fine copper gauze at each end as a cover. The pipe hangs by
a metallic wire in a rearing bottle, in the bottom of which various chemical
salts are placed to maintain the relative humidity desired (see Tsai, 1934 a, p.
7, Figure 2).

In each rearing pipe we placed five graing of rice for the oviposition and
nutrition of the weevils, It was learned during a previous experiment that a
bamboo rearing pipe is more suitable for the growth of storage insects in an
incubator than a glass one.

To control the temperature during the experiments we used 2 multiple
temperature incubator built at the National Agrieultural Research Bureau by
the senior author (see Tsai, 1934 b). It was constructed somewhat after the
principle of Zwolfer’s (1932) improved style of Williams’ apparatus, the differ-
ences being that clectricity is used for heating instead of gas and that a sheet
of thick flannel is placed as a lining ketween the copper case and the cork wall
of the incubator. These changes that the author has designed make it easier
under the climatic conditions of China to produce and maintain temperatures
from £°C, to 46°C. The general and anatomical views of the incubator may be
seen in Figures 1 and 2 of the paper on Zpidemiological Experiments with the Paddy
Borer (see Tsai 1935),
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Figure 1 - Diagram showing the relative humidities maintained by various chemical salts at different
temperatures
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To produce and maintain the desired relative humidity, the authors applied
the prineiple of the vapor pressure of supersaturated salt solutions, the follow-
ing salts and water being used: ZnCls; CaCl: (erystal); Ca(NOj)s; NaCl;
KCI; KNQj; and water. These salts have also been used by Janisch (1930),
Zwélfer (1981), and others in their experimental work, To maintain the
eorrect relative humidity during the process of experimentatior, it is necessary
that these chemieal xalte, with the exception of both ZnClz and CaClz, be damp-
ened with a few drops of water before using and every few days thereafter
during the experiment, especially at the high temperatures.

The possibility of maintaining a particular relative humidity by means
of these salts in the limited air eapacity of a rearing bottle is shown in Figure
1, which was used by Zwdlfer with the exception of the KCl which was added
by Janisch,

III. The Vital Optimum for Oviposition

The vital optimum for oviposition may be indicated by the maximal num-
ber of eggs deposited, and it is significant in relation to the population of a
generation of insects, As regards the causal influences of oviposition, climatic
conditions, especially both temparature and humidity, are the mest important.

The rice weevil differs from the moth and other insects in having a long
period of oviposition, continuing sometimes as long ag, or longer than, one year.
The total climatic influences during oviposition are, therefore, greater than in
the case of those species which have a shorter period of oviposition. It results
that, in even the same species of inseets, the number of deposited eggs may
differ aceording to the season or to the local climate, Certain results for 1934
are presented in Table 1, Figure 2 is drawn from Table 1 to show the effect
on oviposition of the relation between temperature and humidity.

\* 354, ¥o0 KNCa KCl | NaCl | Co(NCgle CuClz | ZuCy
’>°’ @, 10056 | 90-98% | 80-83% ! 72-783 | S0-62%% | 28-35%% 1‘ 185
o] = ] = - = == -
E] 17¢.85) : 3(.27) | 6(.66) | 2(.28) - . - -
28 |e0(1.37) | 260.79) | 19¢.73) \ 13/.50) ‘ - - \ -,
25§ 300.47) | 19€.43) | 16(.42) \ 2(.3) — \ - ‘ -
2 | 12 | 768 } 33T | 11017 ] - - -
1B — L1698 | 90.82) | T \ - \ - \ -
15 22(.38) | 9C.15) | 9(.47) a7y | - 4 = | —
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Table 1 - Showing the number of eggs deposited under various combinations of temperature and
relative humidity (the fizures in parentheses represent the number of eggs deposited per day)
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RFizure 2 - A thermohygrogram showing cenditions for ovipesition, (The puncta represent the exgeri-
mental weevils; the asadic figures indicate the namber of deposited eggs, and the figures
Fuclosed in garcutheses 1 the ¢ ber of eggs deposited per days « - - ¢ the
maximal velocity of oviposition; ~; the contour line of oviposition: — e —» — : the upper
boundaty of the area of maxinal longevity; °C» temperature; . L, F,¢ relative humidity )

Tigure 2 shows elearly that the phenomena of oviposition vary according
to temperature and relative humidity. If the temperature is between 24°C,
and 29° C. and the humidity between 90% and 100%, the deposited eggs are
likely to amount to the maximal number, The farther the conditions are from
these, the fewer the eggs. From the standpoint of population, it will be
recognized that a climatie condition ranging in temperature from 24° C. to
29° C. and from 90 % to 1603 in humidity is a vital optimum fur oviposition,
In other words, it may be said that, when such a climatic condition occure, the
weevils will increase greatly and consequently cause much damage to stored
grain,

1V. ‘The Maximal Velocity for Oviposition

As the eggs of the rice weevil ripen very slowly, the duration of ovipo.
gition is much greater than in the case of the moth and the butterfly; and the
accumulated elimatic influences are much more important, conseguently, in
the oviposition of the weevil, With a long period of oviposition, the number
of eggs deposited is usually increased, but the velocity of oviposition is retarded.

Pigures 2 and 3 show the influence of temperature and relative humidity
on the number of eggs deposited and on the veloeity of oviposition, The ve-
locity may be determined by the following formuia:

Total eggs deposited
Duration of oviposition in days

According to Figure 2, the area of maximal velocity lies between a temperature
of 26° C. and 82° C. and a relative humidity of 90% to 10058 (represented by a
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broken line), It may ba eonsidered that both a high tempsrature and a2 high
humidity have a stimulative effeect on the velocity of oviposition. Some
authors, such as Janisch, "consider that the climatic conditions favoring
maximal velocity represent the ‘“‘optimum?® for development. The results
of this experiment, however, show that such conditions do not produce a
maximal number of eggs nor do they result in a high hatching percentage,
and the size of the progeny is small; in fact, all results are unfavorable with
regard to such characters. The authors, therefore, consider that the
conditions favoring maximal velocity, at least for the weevil, which has a long
period of oviposition, do sot represent the “optimum’’ for development.
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Figure 3 - Showing the influence on oviposition of various constant temperatures (159 189 229, 289,

28%and 31°C.) and of various relative humidities (75%6-100%). ». velocity of oviposition
ber of eggs deposited per day): the duration of oviposition is indicated by the
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V. Maximal Longevity

The lower temperatures usually tend to lengthen the life of organisms
as metabolism is retarded and there is less energy lost. It is a common phe-
nomenon to find maximal longevity among organisms in general at the lower
temperatures although the upper and lower limits vary with different organ-
isms. The maximal Jongevity of the rice weevil under various combinations of
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temperature and relative humidity is shown in Figure 4, In this figure we see
that maximal longevity is found in an area with a temperature below 16° C,
and with a relative humidity between 859 and 100%.

¢ v v 7 T T T T T
35 '

30f*°
25

2

75 %
Lk

Figure 4 - Showing the maximal longevity of the rice weesil under various combinations of temperatuie
(°C.) and relative humidity (%, L, &)

VI. The Possible Range in Temperature and in Relative Humidity
for Oviposition

According to the results of our experiments, we have found that the
range in temperature for oviposition is from 10° C, to 35° C., while the
range in relative humidity is from 60% to 100%. (SeeFigure2), For practical
purposes, then, we can consider that proper ventilation and a cool temperature
in storage buildings are the most important factors for preventing oviposition.

VIIL. A Discussion of the Biological and Epidemiological Differences between
the Rice Weevil and the Granary Weevil according to the Characteristics.

of Oviposition

Although the riee weevil and the granary weevil have very similar mor-
phological characters, their physiologieal and biological differences are great.
The weevils may be studied from the standpoint of #iree vital phenomena which
are common to all organisms: the vital optimum, the maximal velocity,
and the maximal longevity. The occurrence of these three vital phenomena in
the granary weevil (according to the experiment of P. H. Tsai, 1934 a) is more
definitely separated than their occurrence in the rice weevil according to the
distribution on the thermohygrogram (Figure 2). The climatic conditions
produciny these three phenomena in the two species of weevils are indicated in
Figure 5.
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Figure § = A diagram indicating the climatic conditions producing the three vétal phenortene in the
rice weevil (Ieft) and in the granary weevil (right). O vital optimum for oviposition; A7
maximal velocity for oviposition; e, maximal Jongevity of the weevils

From Figure 5, we can make the following comparative statements con-

cerning the two species of weevils:

1.

The position in the figure of the three vital phenomena for the rice weevil
is somewhat higher than their positions in the case of the granary weevil,
which indieates that the rice weevil thrives much better under warm condi-
tions of loeality, season, and the like than the granary weevil,

The climatic conditions producing the three vital phenomena in organisms
vary aceording to species, and the variation is especially conspicuous
with reference to the vital optimum, The vital optimum for the rice
weevil has an upward tendency in the figure and coincides with a large
part of the area representing maximal velocity (Figure 5, left). This
indicates that the rice weevil is obviously a thermophilous inseet and, con-
sequently, is distributed more commonly in the southern parts of the globe
than in the northern. In the case of the granary weevil (Figure 5, right)
the three vital phenomena, however, are clearly separated from each other,
Zhe position of the vital optimum is lower than in the case of the rice
weevil and, from this point of view, we can expect to find the granary
weevil more often in the northern parts of the globe than the rice weevil.

According to the opinion of P. H. Tsai (1934 a) the vital optimum for
tropical insects is somewhat higher than that for insects of temperate and



AGRICULTURA SINICA Vol, 1, Ne. 6, 1935

sub-temperate zones and remains higher even when the insects are trans-
ferred to the other zones., The resulfs of this experiment prove the abové
opinion to be an actual fact,

The optimal temperature for oviposition differs in the two species, but
the relative humidity, however, is the same - a high humidity (above 85%)
being necessary for oviposition in both species. Thus, from the standpoint
of epidemiology, conditions favoring an outbrealk of the rice weevil involve
a rather high temperature with a high relative humidity, while for the
granary weevil they involve a moderate temperature with a high relative
humidity.

VIII. Résumé

The following information has been obtained from the experiments

conducted:

1.

A combination of temperature and relative humidity between 24° C. and
26° C./90% and 100% may be said to be a ““vital optimum’’ (see Figure b,
left, 0) for the oviposition of the rice weevil.

The climatic conditions producing the ‘‘maximal velocity” of oviposition
(3f{) involve a temperature batween 26° C. and 32° C. and a relative hu-
midity between 90% and 100%.

The climatic conditions favoring ‘‘maximal longevity (A7a) may be said
to be 2 temperature below 16° C. and a relative humidity between 85% and
100%.

The possible range in temperature for oviposition is between 10° C. and
85° . and in relative humidity between 60% and 100%,

As the positions of the vital optimum, the maximal velocity, and the max-
imal longevity in the case of the rice weevil are located somewhat higher
than they are for the granary weevil on the temperature axis (see Figure
5), the distribution of the former species is more common in southern
countries than that of the latter. The authors have found, however, that
the rice weevil is distributed in China as far north as Kalgan and Sui-yuan
(both about 41°N,) and as far south as Canton (23°N.).

From the above facts, we recognize that outbreaks of the rice weevil can
be eliminated entirely either by maintaining a temperature in the storage
house below 10° C. or above 85° C, or by maintaining a humidity less than
60%.
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