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ABSTRACT

The present investigation was undertaken to study the effect
of temperature and relative humidity on the oviposition and mortality
of the rice weevil, Sitophilus oryzaee (L.) under eontrolled laboratory
eonditions. Studies earried out at 25° amd 30°C and 52°/0, 75" /0,
90°/b and 100“/@ R.H. on tﬁe oviposition of the weevil on wheat over
a period of the first four weeks after emergence revealed that no sig-
nificant difference existed in the number of eggs laid at the two
temperatures.

A direet relationship was found to exist between the rélatire
humidity and the number of eggs laid by a female per unit of grain;
the highest number of eggs being-l@id at 1000/0 ReH.

No significant difference existed im the number of eggs laid
per week per unit of grain during the experimental period of four
weeks.

The effect of six temperatures ranging from 5°C to 40°C and
six relative humidities varying from 00/0 to 100°/b was studied in
all possible eombinations on the mortality of the weevil using wheat
and rice separastely as food and also in the absemee of food. The

temperature of 40°C in eombination with all the experimental relative




humidities gave e¢omplete mortality of the pest but at 500, the highest
mortality of 50°/0 was obtained in eombination with 0°/0 relative
humidity.

There existed an inverse relationship betweem the relative
humidity and the mortality of the weevil; the highest mortality being
obtained at the Oo/o R.E. and the lowest at 900/0 and 100°/b R.He On
the other hand, direct relatiomship existed between the temperature
and the mortality of the weevil.

The type of food provided did not show any signifieant dif-
ferenee regarding the effeet of temperatqre and relative humidity on
the mortality of the weevil but the absence of food brought a signi-

fieant inerease in the percecentage mortality.
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INTRODUCTION

The riee weevil, Sitophilus oryzee (Linnaeus.) is ome of the

most destructive insect pests of stored grain. It was first reeorded
in 1763 by Linne from the sampleé of riee obtained by him from Surinam
and he gave this pest the speeifie name of oryzas for the reasom that it
was found breeding in rice (8). This inseet has gemerally beer known

in literature as Calandra oryzae (L.) though the gemerie mame Sitophilus

also remained in use. In the year 1959, the International Commission
on the Zoologieal Nomemelature deeided to ehange the generie name from

Calandra to Sitophilus (40).

Earlier, Riehards (33) and Bireh (1) working independently inm
England and Australia respeetively, found that two strains of this
inseet were met with in eultures and a eomprehemsive study of the inseet
made by these authors revealed that all parts of the body of the large
strain were signifieantly larger than those of the eorresponding sex of
the small strain. Floyd and Newsom (11) reported that two different
speeies of riee weevils had been eonfused under the name Sitophilus
oryzae (L.), a large one and a small one. Aeeording to these authors,
Buropean workers in general applied this name to the small one and the
Japanese workers to the large one and they aeecepted the latler view

using the name Sitophilus oryzae (L.) for the large ome and Sitophilus




sasakii (Tak.) for the small one. They proposed "lesser riee weevil”,
as eommon.name for the latter speeies.

The present investigations have, however, been earried out on
Sitophilus oryzae (L.). This inseet is a small reddish brown beetle,
about 3.2mm. long, with head prolonged into a long slender snout at
the end of whieh is a pair of stout mandibles or jaws. It is further
eharseterized by being marked on the baek with four light reddish or
yellowish spots. The pest is world-wide in distribution being'fﬁﬁnd
wherever grain is stored but is generally serious in a temperate or
subtropical elimate (8). Both adults and larvae feéd voraeiously on
a great variety of grain. The losses ineurred by this pest to stored
grain have been reviewed by Parkin (27) and diseussed by Coiton (8),
Floyd and Oliver (12) and Irabagan (17) in detail. For instanee,
aceording to Cotton (8), 10 percent of the eorm erop is destroyed
each year by this pest and to the grain trade as a whole it is believed
to eost the United States of Ameriea between 60 to 75 milliom dollars
anmually. These losses might be very high in the subtropieal eountries,
espeeially in the underdeveloped areas, where information on losses is
very largely laeking. This state of affairs necessitates a detailed
study of all the stored graimn pests in general and Sitoghilus'ggzggg
(L.) in partieular. Any effort made in this direetion is sure to
eontribute mueh in solving the food problem of the present hungry world
inereasing at a tremendous rate. Millions of mouths living under eon-

ditions of starvation at the present time ean be fed properly by merely



averting losses of food grain eaused by this pest in stores.

Before'undertakiﬁg any effeetive eontrol measure it is essen-
tiallta-have the biological and ecological knowledge of the conditions
favouring increase and spread of insect infestations. Parkin (28) has
stated that the problem remained neglected in United Kingdom and Aust-
ralia during the first quarter of the 20th century and research work
on pests of stored grain was undertaken under the pressure of the first
World War. However, a good deal of research work has béen carried out
in the advanced countries of the world during the past 30 years.

Inspite of the tremendous improvement made during the recent
years in the knowledge of pesté of stored grain, there are a mumber of
problems which yet remain to be investigated. This certainly holds
good in the less developed countries of the world, particularly the
Middle East, where there has always been a strong need and justifica-
tion to study each problem under loccal conditions.

The rice weevil has certain temperature, humidity and food
requirements which directly affect its abundance. The present studies
were undertaken to investigate the effect of different temperatures
and humidities on the oviposition and mortality of this pest and the

results obtained are reported in the following pages.



REVIEW OF LITERATURE

I. Effect of temperature and humidity on oviposition.

Dandy and Elkington (9) reported that the optimum temperature
for oviposition was 27.8°C and the lower temperature limit for multi-
plication was probably 18.,3°C. Tsai and Chang (38) found the range
for oviposition as 10-3500 for temperature and 60~100°/o for relative
humidity. The vital optimum conditions at which the highest number
of eggs were recorded varied from 24-29°C and 90-100°/b relative humi-
dity. Lavrekhin (18) reported that the weevils showed high fertility
even directly after emerging at a temperature of 25-27°C and fairly
‘high air humidity. The number of eggs laid per day was 1.7 at 4-14
days and increased to 2.5 eggs during the first month and then dimi-
nished rapidly. Pruthi (30) found, that at temperatures beiween
24.49C and 32.2°C, females did not lay eggs when kept at humidities
greater than 95°/0, and at humidities less than 50°/0 they did not
feed and died ﬁithin 30 days. Nakayams (24) reported that the number
of eggs laid by females kept at 26-27°C and BDﬂBSQ/b.relative humidity
averaged 68.75 during the life period. Prevett (29) confirmed the
findings of Nekayama (24) and those of Birch (2, 3). Oxley and Howe
(26) recorded that the maximum temperature for oviposition was about
0

32°C. Birch (3) studied the effect of three temperatures, (23°, 25.5

and 29°C) on oviposition of small strain of Calandras oryzae (L.)



(at present called Sitophilus s&gakii (Tak.)) and found that the length

of life and the time at which the maximum rate of egglaying was reached
did not vary much with temperatures. According-to this author, the
total number of eggs laid at 25,5% was greater than that at 29.1°C.
The number of eggs laid in grains of 200/0 moisture content was found
to be slightly greater than that laid in grains of 14°/b moisture con-
tent despite the development of mold on grain of 20°/b moisture content.
The same author (2) found that the rate of oviposition of weevils fell
greatly with any reduction of moisture content below 13°/0. Richards
(34) conducted experiments at 17°C, 21°C and 25°C both at 80°/0 and at
50°/b relativg humidities. He found that at 170, 212 and‘25°c, and
80°/0 R.H., 0.65, 1.16 and 4.1 eggs per female per day might be expected.
In the experiments conducted at 1000/0, 90°/b, 800/0, 70°/b, 600/0, and
500/0 relative humidities the only reliable result was that at all threé
temperatures, oviposition was much reduced below‘70°/o R.H. and somewhat
increased above Boo/b R.H. The amount of oviposition at 170, 210 and
25°C was in the proportions of 43:100:268. Reddy (31) conducted studies
on avipositioﬁ at temperatures ranging from 13 to 3500 and relagtive
humidities from 300/0 to 99°/o and found that at 840/0 R.H., most eggs
were laid at 30°C. The number of eggs laid at temperatures above or
below 30°C steadily decreased and that very few eggs were laid at 13°C
and 35°C. The best range of temperature for oviposition was from 28—

o)

30 C. Regarding the relative humidity, he concluded that number of

eggs per 100 kernals of wheat increased corresponding with increasing



relative huﬁidity and maximim number of eggs was laid at 990/9 R.H.
Relative humidity of 750/b or less was distinctly unfavourable for egg
laying and no eggs were laid at 30°/0 R.H. He concluded that at 30°C,
relative humidities from 90 to 990/0-were best for oviposition. Segrove
(36) investigated the oviposition behaviour of the weevil in wheat at
20°C and 25°¢ and under moisture conditions equivalent to 50°/o and
70°/0 R.H. and found that the females kept at 70°/0 R.H. oviposited
over periods of 20 weeks at 25°C and 32 weeks at 20°C whereas the cor-
responding figures for females kept at Sno/b R.H. were 12 and 14 weeks.
The mean numbers of eggs laid per female over the total life period at
50°/b and 70°/b humidity were 44.6 and 235 respectively at 20°C and 37.1
and 271 at 25°C. The number of grains provided to each weevil also in-
fluenced their egglaying. He further reported that at either tempera-
ture, the lower humidity shortened the life of the insect and fecun-
dity was of low order.

In an experiment conducted by Howe (15) at 1700, 21°C and 2500,
high egg output at high humidity with a sharp decrease at 60°/0 R.H., and
below was recorded. At 21°C and 500/0 R.H. eggs were laid only in one
grain compared with thirty one out of forty at 100°/0 R.H. and the
daily egg rates were 0.03 and 1.48 per female respectively. Comparison
of 100°/0 and 90°/0 R.H. at 25°C and that of 100°/0 and 80°/0 R.H. at
21°C showed that laying was better in both cases at 1000/0 R.He The
number of eggs per female for periods of 48 hours at 25°C was 5.5 at

100°/0 R.H. and 5.1 at 90°/0 R.H.



Nishigaki (25) recorded observations on four strains of Sito-
philus oryzae (L.) collected from Japan, Australia, Indonesia and
Missouri and found that the velocity of development and the rate of
reproduction increased in general as the water content of rice was
increased from 12.2 to 16.7 percent. The rate of reproduction with

increase of temperature between 250 and 30°C decreased.

II. Effect of temperature and humidity on the mortality of rice weevil.

Dandy and Elkington (9) reported that survival of adult weevils
when placed at a temperature of_0.5-2.2°G for 11 days was 3 percent and
such surviving weevils showed very feeble signs of life.,

Bodenheimer (6) found that least mortality of the weevil was
ot 12-16°C. Tsai and Chang (38) concluded that the maximum longevity
oceurred below 16°C and at 85-100°/0 R.H. Mathlein (20) found that
adult weevils kept without food at temperature of 250, 20° and 12-14°C
and relative humidities of 33-400/0, 35-400/0, and 45°/b respectively,
survived upto 5,8 and 22 days. When the humidity was increased to
75-800/0, 30-1000/0 and 70-800/0 at the same temperatures, the period
of survival rose to 20, 45 and 95 days respectively. Complete morta-
lity of all stages was obtained by exposure to temperatures of 550,
48-5000, and 45°C far 30, 45 and 210 minutes regspectively. At 4.500,
the adults survived for 80 days. Harris (13) recorded that in an
experiment, 52°/0 of 250 adults kept at a temperature just below
freezing point survived for two days and 2°/o0 for five days. All

stages were killed in a few minutes at 5i.6 6.




Birch (4) reported that a temperature of 35°C was injurious
to adult weevils and none survived for any length of time at 38-40°C
although a temperature more than 45°C was necessary for their rapid
destrnctioﬁ. The resistance of adult weevils to starvation at dif-
ferent temperatures and relative humidities was investigated by Howe
(16) and he found that at 20°C and R.H. 31°/b or below, complete mor-
tality of the weevil was obtained within ten days. The number of days
required at 540/0, 770/0, and BOO/b R.H. was 13,33 and 35 respectively.
At 25°C and R.H. 49°/0 or below, complete mortality was obtained within
ten days whereas this period increased to 16 and 23 days for 66°/b and
Bso/b relative humidity respectively.

Lefevre (19) found that weevils when kept without food at 18-
‘ 24°C and R.H. 44-&5°/b survived for a maximum of 19 days anﬁ no can-
nibalism occurred.

Reddy (32) exposed weevils to temperatures ranging from 20°
-to 35%C and relative humidities of 30°/o and 13°/b and also to relative
humidities of 52Q/b and 94°/b at 3500, some in each series being pro-
vided with rice or wheat of various moisture contents as food and
others without food. He found that at 30°/0 R.H., the period of sur-
vival was longest at 20°C and decrecased steadily as the temperature
rose. At 32°C or more, food gppeared to have little effect. In the
absence of food, mortality was complete in 186 hcurs at 20°C and in
66 hours at 35 C. At 35°C and 52°/0 R.H., the mortality of males and

females was complete in 248 hours and 296 hours respectively in the



presence of rice and 162 and 222 hours in its absence. At 84°/o R.H.
only 14°/0 and 80/9 respectively of the males and females died in

296 hours in the presence of rice whereas all were dead in 248 and

296 hours where no food was provided. According to Solomon and Adamson
(37), Ushatinskaya found that the adult weevils could survive even at
-15°C for 15 hours. Bhambéni (5) reported that mortality of weevils
was increased as the humidity was decreased and the longevity of the

weevil was increased when humidity increased.



MATERTALS AND METHODS

The original stock of Sitophilus oryzae (L.) was obtained from
warehouses in Beirut. From this stock, which consisted of fifty adult
weevils, stock cultures were éet up in glass jars of 2 lbs. capacity
and maintained on wheat of the '"Florence Aurore™ variety. The moisture
content of this wheat was 13.l°/b. The weevils used for infecting the
stock cultures were allowed to remain in contact with the wheat for a
period of 25 days and thereafter removed by sieving. The cultures
were kept continuously at 25°¢ in an incubator and the weevils reared
at this temperature were used in the subsequent experiments. Thus all
the insects used throughout the course of the present investigations
were the progeny of those insects which had been bred at a constant
temperature. This eliminated all possible chances of error due to any
difference or variation in the behaviour of insects otherwise possible
for their Imving been reared at different temperatures. When the adult
weevils started emerging from the grains, they were removed daily from
the stock by sieving and transferred to other glass jars containing the
same quality of food. They were labelled and placed in the incubator
at 25°C. Thus it was poséible to obtain and maintain groups of weevils

of known age.

I. Oviposition experiments.
The effect of combination of two temperatures, 25°C and 30°C

10
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and four relative humidities, 52°/0, 75°/0, 90°/0 and 100°/0 was
studied on the oviposition of the weevil. Two incubators were run
at 25°C and 30°C and to obtain the four relative humidities the fol-

lowing saturated salt solutions were used (7)

Relative Humidity Salt
0
527 /o Mg (NQSJ2.6H20
75° /o NaCl
90° /0 BaCl,
1000/0 Distilled water.

The weevils were sexed after four days of their emergence by
making a close examination of the dorsal side of the rostrum which in
case of a female has a lesser number of punctures as compared to that
in the male (34). Each pair of weevils was put into a glass tube mea-
suring 3"x1™ and containing 20 grains of "Florence Aurore" wheat
previously acclimatized to the respective humidity at which the tube
was to be kept. It was done before the start of the oviposition ex-
periment by keeping the small jars containing wheat, for a period of
7 days, in the desiccators having saturated solutions for tle respec-
tive umidities. There were six replications for each humidity. As
preliminary observations had revealed that there could be chances of
death of the weevil at 52.0°/0 R.H. a few additional tubes were main-
tained at this humidity with a view to replace the dead weevil if any,

during the course of the experiment. The tubes closed with fine nylon
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cloth and rubber band were then stacked in the four respective desic-
cators. The weevils were supplied with twenty new acclimatized grains
at the end of each week in new tubes of the same size and the old

tubes along with the grains were removed and placed in desiccators with
75°/0 R.H. kept at 25°C. Such tubes were left there with the object

of allowing the weevils to emerge from the used wheat.

The adults, emerged upto and including the 32nd day from the
date of starting the experiment; were counted and then the grains put
in 5Q°/o alcohol for 24 hours to study the number of larvae contained
in them by slicing the grain with a razor blade. The performance of
each female was studied over a period of four weeks and the number of
eggs oviposited per female was calculated by adding the emerged adults
and the larvae found in grains. |

This experiment was laid out according to the splitplot design
by keeping weeks as main plots, temperature as sub-plots and relati?e
humidities as sub-sub-plots. The data obtained were analyzed by. the .
standard analysis of variance methods.

The moisture content of wheat was determined by keeping four
glass tubes of the same size as used for oviposition studies, filled
with wheat in each of the four respective desiccators for a period of
7 days and then removing them and finding the moisture content with
the help of the universal moisture tester.

There are some other techniques of detecting eggs by the use

of flourescent stains (21) and X-ray (22) but these could not be used
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because of their complicated nature which hardly fitted into an effort

to seek a simple technique.

II. Studies on the mortality of adult weevil.

mhe effect of combination of six temperatures, 5°C, 20%¢, 25°¢,
35°C and 40°C and six relative mmidities, namely 00/0, 330/0, 52°/b,
750/0, 900/0 and 1oo°/o was studied on the mortality of the adult weevil.
The 00/0 and 330/0 relative humidities were obtained by using anyhydrous
phosphorus pentoxide (P205) and a saturated solution of magnesium chlo-
ride (Mg012.6H20) respectively. The rest of the four relative humidities
were maintained as given under I above. Insects of one month's age,
reared gccording to the method outlined on page 10 were used in all
these experiments. Glass tubes measuring 3"x1" and each confaining 15
wheat grains of "Florence Aurore” variety, were used. Ten adult weevils
were put in every tube and the same was kept closed with fina nylon
cloth held in place with a rubber band. The treatments were replicated
four times and the four tubes eacﬁ were placed in desiccatars with dif-
ferent controlled humidities.

Two other experiments of exactly the same nature were set up
with the only difference that in one set of experiments rice was sub-
stituted for wheat and in the other no food of any kind was provided
+o the sdult weevils. Thus, there were 12 glass tubes in each desic-
cator. Observations were recorded after every 24 hours upto a period

of ten days or till such time that complete mortality was achieved,



14

whichever was.earlier. Any individual weevil which did not show any
sign of life was taken out of the tube and examined carefully to be
sure of its death. The tardiness of movements of the appendages of
the weevil was not taken as a sure sign of death. An insect was, how-
ever, considered dead if it did not respond by reflex movement to a
slight pressure with a soft brush (14). The weevils found dead were
removed daily from the tubes.

This experiment was laid out according to the randomized

block design. Appropriate methods were used for the analysis of data.



RESULTS AND DISCUSSION

I. Effect of temperature end relative humidity on oviposition.

A. Resultss:

The results obtained are summarized in Tables I and 2.

Pgble 1 < Anslysis of variance for oviposition.
Source D.F. M. S.
Replication 5 12.4
Weeks 3 31.9
Error (a) 15 15.0
Temperature 1 5.0
Weeks X Temperatures 3 b oS
Error (b) 20 7442
Humidity 3 1641 .8 **
Humidities X Weeks 9 11.4
Humidity X Temperature 3 7.1
Error (c) 129 11.86

Table 1 shows that there is no significant difference in

oviposition due to weeks and almost equal number of eggs were depo-

sited per week upto the first four weeks of the start of oviposition.

Similarly no significant difference exists in the number of eggs

1aid at 25° and 30°C.

There are, however, highly significant

= Sl

##* denote F value significant at 10/0 level.

15
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differences in oviposition due to changes in relative humidity. These

differences are shown in Table 2.

Table 2 - Average number of eggs laid per female of Sitophilus
oryzae (L.) at differént combinations of temperature

and relative humidity over a period of four weeks.

T e i =% e = ST

Temperature 25°¢ Temperature 30°C
Relative Humidity | Relative Humidity
Percent ' Percent
Period 202 H5 " Hh H H2 H3 H4
52 75 96 108 22 75 906 100
lst Week 2.5 10.0 11.3 14.3 Le7 12,8 12.3 15.8
2nd Week 3.0 13,7 15.5 14 .5 2.1 12.3 151 15,7
3rd Week 2.7 12.8 13,0 14.7 2.0 11,3 13,1 14.8

—= === e

it e S v

C.D. at 10/0 level = 1.78
C.D. at 5°/0 level = 1.38
At 1°/0 level > Hl H2 H3 H4

2,51 11.89 16,27 17.9 #

At 5%/0 level 2,31 11.89 16.27 17.9

T == S

* denoges treatment means that did not differ significantly
at 17 /o level.
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It is seen from Table 2 that at 5°/0 level the effect of all
the relative humidities is significantly different from each otler.
At 1 percent level, Hl and H2 are significantly different from H3 and
04 and also from each other but there is no significant difference
between H3 and H4.

The relationship between the relative humidity, the moisture

content of grain and oviposition is shown in Table 3.

Table 3 - Bffect of relative humidity on moisture content of wheat

and oviposition by Sitophilus oryzae (L.)

e e e e S - = SEES

R. H. Percent moisture contents of
grein on 7th day of placing
Percent. grain at various humidities. Average number
of eggs laid
25° 30°C (Average _of
four weeks.)
-52 1118 1107 2:31
90 16 .2 16 -0 16 1217
100 17.2 18,2 17.9

Table 3 indicates that there is a direct relationship between
the relative humidity and moisture content of wheat grain which further
influences the oviposition, but practically no differences exist in
the moisture content of grain at 25°C and 30°C under the same relative

humidity conditions.
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B. Discussion:

In determining the influence of temperature, a change from 25°¢
to 30°C with a fixed humidity neither altered the rate of oviposition
nor the total egg production. These results agree with those obtained
by some of the previous workers and differ with others. Segrove (36)
found no significant difference in the total number of eggs laid by a
female at 20°C and 25°C under 50°/0 and 70°/0 R.H. conditions though
the rate of oviposition at 25°C was higher than that recorded at 20°C.
Birch (3) states that there was no significant difference in the rate
of oviposition at 25.5% and 29.1°C. Richards (34) and Howe (15) have
reported an increase in the number of eggs with the corresponding inc-
rease in temperature from 17°¢ to 21°C and 25°¢. Reddy (31) states that
at tempersture above or below 3000, the number of eggs laid steadily
decreased. Nishigaki (25) recorded a decrease in oviposition as the
temperature increased from.25°0 to 3OOG.

These facts reveal that there is no general agreement regarding
the effect of temperature on oviposition. No satisfactory explanation
of these differences can be given. Perhaps the difference may be due
to the variations in behavior and response of weevils to temperature
due to the different genetic make up of the stocks used by various
workers.

Regarding the effect of relative humidity, the number of eggs
laid per 20 grains of wheat over a period of one week increased corres-

pondingly with an increase of relative humidity; the maximum number of
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17.9 egegs being laid at a relative humidity of 1000/0 and followed in
descending order by 16.27, 11.89 and 2.31 at 90, 75 and 520/b R.H.
respectively. These results are at variance with those of Tsai and
Chang (38) who reported that the range of R.H. for oviposition was
60 to 100 percent but in the present investigations egg laying was
observed at a relative humidity of 52°/0. Pruthi (30) has stated
$hat the oviposition stops when the R.H. goes beyond 95°/0 but in the
present studies, the highest mumber of eggs was recorded at 1000/0
R.H. The results achieved are, however, in conformity with those of
ﬁowe (15), Reddy (31), Richards (34) and Segrove (36) who reported
a corresponding increase in oviposition with an increase in relative
humidity.

The rate of oviposition in relation to the age of the weevils
:has also been studied by a few previous workers. Levrekhin (18) re-
ports that rate of egz laying between the age of 4-14 days was 1.7
per day but increased to 2.5 during the first month and diminished
afterwards. According to Birch (3) no significant difference occur-
red in the rate of oviposition excepting the last four weeks of life.
Segrove (36) states that the peak period of egg laying is reached when
the weevil attains the age of 4-6 weeks and falls thereafter. In the
present studies, no significant difference in egg laying was recorded
over the period of four weeks and these results are in agreement with

those of Birch (3).
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As regards the moisture content of grain, Dandy and Elkington
(9), state that the rate of oviposition of the weevil depends on the
hardness of the grain and this would seem to gain support from the
results of Sandner (35) who records that a very small number of eggs
were laid by the rice weevil on rice and oats as compared with rye,
wheat and barley. Birch (2) obtained a far higher rmumber of eggs in
wheat of 14 percent moisture as compared to that on 12 percent moisture
contents. Prevett (29) suggests that this effect of moisture 1is in
relation to the hardness of the grain.

The results obtained in the present study are in conformity
with those of Reddy (31) and Richards (34) who obtained & similar
trend with the increase of moisture content of grain. Some differ-
ences however, exist in the moisture content of wheat grain determined
at various relative humidities by.the previous workers and that obtained
during the present studies. These differences occur due to different
straine of wheat used by different investigators and also due to dif-
ferences in techniques. It is for this Treason that varying figures
of moisture content considered suitable for oviposition and development
of rice weevil have been quoted in literature from time to time (2, 3,
10, 13, 20, 23, 31). Hence the lowest figure for moisture content of
grain considered essential for oviposition of the rice weevil cannot
be fixed and there is likelihood of variation in the results obtained

by various workers.
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II. Effect of different temperstures and relative humidities on the

mortality of rice weevils.

A. Results.

1. Effect of temperature and relative humidity where wheat was used

as food.

The results of the effect of temperature and relative humidity
on the mortality of weevils where wheat served as food are shown in
Table 4. The table shows separately the effect of temperature and
relgtive humidity and that of interactions between the two factors on
the mortality of weevils.

i. Effect of temperature. It is found that the mortality of the

weevils after a period of ten days was only 10°/0 at 5°C and it aif-
fered significantly from those obtained at the remaining five tempera-
tures. As the temperature increased, the mortality increased till it
reached 1000/0 at 4000.

At 3500, the mortslity obtained was 650/0 and it differed sig-
nificantly both at 10/0 and 5°/b level from that obtained at 40°¢ and
also from the rest of the four levels of temperature. There weré,
however, no significant differences in the mortality of weevils at
30°¢c, 25°C and 20°cC.

ii. Bffect of relative humidity. The effect of relative humidity is

almost quite opposite to that of temperature. It was found that the
highest mortality of 880/0 was obtained at the lowest relative humidity

of 00/0 and it continued to decrease with an increase in relative
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Table 4 = Mortality percentage of weevils at different temperatures
and relative humidities

Type of Food - Wheat

Temperature only

Temperature . Mortality
T 5% 10°/0

7, 20°C 31.6°%/0
7, 25°% 31.6°/0
i 30°C | 45.4°/0
e, B ' 63.0°/0
T, 40°C 100.0°/0

CeDe ~ at 10/0 level = 18.8

C.D. at 5°/0 level = 14.2

3 5 i = 8 &
At 1°/0 level 100 63 g5k 316 - %1.6 10
At 5°/0 level 100 63 45,4 31,6 31.6 10

Humidity only

R. Humidity Mortality
Q
B - v 88.0°/0
0 9]
H2 35 /0 83 n3 /0
H, 52%/0 46 .6°/0
H, 75° /0 20.8%/0
H, 90° /0 21.6%/0
H 100°/0 | 21.3°/0
CeD. = same as under temperature
By i, H, = 25 He
At 1°/0 level 88 BI5 46,6 20,8 21.6 21

At 50/0 level

—— e T i T = hee. &

__ denote treatment means that did not differ significantly at

i e

IOXQ and 5Ofn levala. RS T A B e S v S
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Table 4 -~ Continued

Interaction (Temperature X Relative Humidity)

i i T i1 T

1 2 > & 5 6
H1 27 .5 100 100 100 100 100
Hﬁ 20,0 90 90 100 100 100
HS 100 0 0 7245 97.5 100
Hﬁ 0 0 0 0 25.0 100
H5 0 0 0 0 300 100
Hg 2.5 0 0 0 25,0 100
Csde at lﬂ/b level = 14,65
C.D. at SO/b level = 11.08
Anaglysis of Variance
Source D.F. M. S.
Replications 3 0.9
Temperature 5 235,454 **
R. Humidity 5 239,2 **
Temp. X R. Humidity 25 24 ,98%*
Error 105 0.65

e —

*% denote F value significant at lo/b level.
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Continued

Interaction (Temperature X Relative Humidity)

C.D. at 1%0 1level = 14.65

C.D. at 5°/0 level = 11.08

100

100

7265

T

100

100

97 .5

25.0

530.0

25,0

Anglysis of Variance

Tl T2 TS
Hl 275 100 100
Bﬁ 20.0 90 90
H3 10.0 0 0
HZF 0 0 0
Hﬁ 0 0 0
H6 2.5 0 0
Source
Replications
Temperature
R. Humidity

Temp. X R. Humidity

Error

D.F.

3

o

5

25

105

100
100
100
100
100

100

M. S.
0.9
235.4 *%
239 .2 **
24 ,98%*

0.65

—— e

#% denote F value significant at lo/b level.
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humidity i1l it varied from 20.8%/0 to 21.3%/0 at 75°/0 to 100°/0
R.H. No significant difference existed between 00/0 and 33°/o R.H.
but both these differed significantly from the remaining four treat-
ments. Similarly no significant differences were found at 750/0,
900/0 and 1000/0 R.H. though they differed sighificantly from 520/0
R.H,

ii. Interaction (Temperature X Relative Humidity).

Regarding the combined effect of temperature and relative humi-
dity it was found that a temperature of 40°C in combination with any of
the experimental relative humidities gave complete mortality of the pest.

At 35°C, complete mortality was obtained with 0°/o and 33°/0
R.H. but it fell down to 97.5°/0, 25°/0, 30%/0, and 25°/0 at 52°/0,
750/0, 900/0 and 100°/0 R.H. respectively. At 3000, the mortality was
complete with 0°/0 and 33°/0 R.H. and decreased to 72.5°/0 at 52°/0
R.H, No mortality occured at 75 /o R.H. and above in combination with
this temperature.

Temperatures 20°C and 25°¢ proved effective only with O°/0 and
Sso/b R.H. and gave 1oo°/b and 90°/o mortality respectively. |

At 5°C, only 27.5%/0 and 20°/0 of the weevils died in combina-
tion with 00/0 and 330/0 R.H. respectively and the figurga for other

relgtive humidities were even much lower. These results show that the

combingtion of 00/0 R.H. with 5°C did not give even 5D°/b mortality.
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2, Effect of temperature and relative hqmidiﬁx'ghefe rice was used

Pree o

as food.

An examination of Table 5, where rice was used as food reveals
that in general the results show the similar trend as found in wheat,
though there are some differences in the percentage mortalities obtained
at different temperatures and relative humidities in this case as com-
pared to those in the previous one.

i, Effect of temperature. The lowest mortality namely 18.3%/0 was ob-

tained at 5°C and the highest viz. 100°/0 at 40°C. The otler figures
. 0 0 0 0 o 0

for mortality are 57 /o, 40.4 /o, 33 /o and 31.6 /o at 35°C, 30 C,
25% and 20°C respectively. The results obtained at 40°C and 35°C
are significantly different at 5°/b level from the remaining four tem-
peratures and also from each otler.

There is no significant difference in the effect of 300, 25°
and 20°C and also of 250, 20° and 5°C on the mortality of weevil.

T, (30°C) differs significantly from Tl (5°C) in its effect.

ii. Bffect of relative humidity. The highest mortality of 91.6°/0

was obtained at 00/0 R.H. followed by 88.30/0 mortality at 33°/b ReHe.
and these results differed significantly from those obtained at the
remaining four relative humidities but not from each other., There was
abrupt fall at 52°/b R.H. when mortality obtained was only 57.50/0.
The range of mortality varied from 19.10/0 to 24.5°/0 between 75 to
1000/0 R.H. and there were no significant differences in these treat-

ments though they differed significantly from 520/9 R.H,
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Table 5 = Mortality percentage of weevils at different

temperatures and relative humidities

Type of Food - Rice
Temperature only

Temperature Mortality
I 5% 18.3%/0
z, 20°C 31.6°/0
- 25°¢C 33,0°/0
2 30°C 40.4° /0
0 35°C 57.5°/0
.3 40°¢ 100°/0
CeD. at 10/0 level = 21.1
C.D. at 59/0 1level = 16.0
T6 5 % = T T1
At 1%0 level 100 57 k05 - 33,0 3.6 0.3
At 5°/0 level 100 57 40.4 -0 -6 3.
Humidity only M- —
Humidity Mortality
g, 6'/o 91.6°/0
H, 33°%/0 88.3°%/0
H, 52°/0 | 37.5%/0
E, 75 /e 19.1%%0
H, 90°/0 19.,5° /0
H6 100°/0 24.5°/0

CeD. = As under temperature

Hl Hﬁ Hﬁ Hﬁ HS HE

At 1%/0 level 01.6 88 .3 37.5 24,5 19.5 19.1

3 3%70 level 936 88,5 37.5 245 19,5 ib.

T e =

T e o=t =i T

dgnotes trgatment means that did not differ significantly at
1"/o and 5 /o levels.
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Table 5 « Contimaed

Interaction (Temperature X Relative Humidity)

T1 T2 T3 T4
Hl 50 100 100 100
H2 42 .5 90 97.5 100
H5 765 0 =0 4245
H4 5.0 0 0 0
'H5 0 0 0 0
Hé 5.0 0 0 0
C.D. at lo/o level =
C.D. at 5°/0 level =
Analysis of Variance
Source | D.F.
Replication | 3
Temperature 5
Relative Humidity 5
Temperature X R. Humidity 25
Error 105

S

100
100
75.0
10
17.5
4245
13 .2

9.9

100

100

100

100

100

100

M. S,
0,70
279 4 8%*
202:.46%%
19,70%*

0.85

*% denote F value significant at lo/o_level.
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iii. Interaction. Regarding the interaction of temperature and re-

lagtive humidity it was found that lGOo/b mortality of the pest was
obtained at 40°C with any of the six relative humidities.

At 35°C, complete mortality was obtained with 0°/0 and 33%/0
R.H. followed by 750/0, 100/0, 1?.5°/b and 42;50/0 mortality at 520/0,
750/0, 900/0 and lﬂoo/oiRJH. respectively.

All the weevils died at 30°C in combination with 0°/0 and
53°/b R.H. and only'42.5°/b were found dead at 520/b R.Hs There was
no mortality at the higher relative humidities. At 20°C and 25°C,
complete mortality was obtained at 0°/0 R.H. but only 900/0 and 97.50/0
respectively at 330/0 R.H, Higher relative humidities at the two tem-
peratures remained totally ineffective.

The only temperature where no combination of R.H. proved 1000/0
effective was 5°C and the maximum mortality of 500/0 was obtained in

combination with Oo/b R.H.

3. Effect of temperature and relative humidity where no food was pro-

vided to weevi{g.

The data are presented in Table 6.

i. Effect of temperature only. The results of the effect of tempe-

rature show that 100°/0 mortality of the pest was obtained at 40°,
35° and 30 and this differed significantly from.sl.ﬁo/o, 50.80/b and
lSO/b mortality achieved at 250, 20° and 5°C respectively. Further-
more, T3 (25°C) and T2 (20°C) differed significantly from Tl (5°¢)

but not from each other.
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Table 6 - Mortality percentage of weevils at different temperatures
and relative humidities where no food was provided.

Temperature only

Temperature Mortality
T 5°C 13.0%/0
.S 20°C 50.8° /0
L 25°¢ 61.6°/0
i 30°C 100° /o
= 35% 100° /o
T,  40°C 100° /0
C.D. at lo/o level = 20.2
C.D. at 5°/0 level = 15,32
6 = % T T 5
At 1%/0 level 100 286 - 100  6l.6  50.8 15,0
At 5% level 160 lep 1o 61.6 50,8 15.0
Humidity only
R. Humidity Mortality
Hl 00/0 90.80/0
H, 33° /o , 85.8%/0
B, s2'/e 74.8° /0
H, 75° /0 65.8°/0
H, 90° /o 54.5° /0
B 100°/0 53.7°/0
CeDe = As under temperature
5 B, e e Hg e

4t 1%/ level 90.8  85.8 7% .8 65.8 54,5 53,7

At 5% level 908 BB B 74,8  65:8 Sk 55,7

MRS

I— FO— —

denoges treatgent means that did not differ significantly
at 1 /o and 5 /o levels.




Table 6

50

e

Continued

Interaction (Temperature X Relative Humidity)

Tl T2
Hl 45 100

45 100
H.2 .

H3 12,5 70

o5
Hh 0 12
7 .5
H5 0
Hﬁ 5 15
C.D.
CeDe

=3

100

100

65
15
15

75

at 10/0 level

at 50/0 level

T4

100

100

100

100

100

100

]

Ts

100

100

100

100

100

100

12.7

0.6

Analysis of Variance

Source D. F.
Replications 3
Temperatures B
R, Humidity 5
Temperature X R. Humidity 25
Error 105

s

100

100

100

100

100

100

M. S.
0.633
306 o 7%%
58 .56 %*
182,84 %%

0.75

=S

**% denote F value significant at lo/o level.



ok

ii. BEffect of relative humidity. The general effect of relative humi-

dity is almost the same as was obtained in the two previous cases. A
mortality of 90.80/0 and 85.80/0 was obtained at OG/b and 330/0 R.H.
and differe& significantly from the rest of the treatments at the 50/0
level. The effect of 75°/0 and 52°/0 R.H. differed significantly from
that of 90°/0 and 100°/0 R.H., but not from each other. Similarly
there was no significant difference in the results obtained at 750/0,

90°/0 and 100°/0 R.H.

iii. Interaction. The interaction of temperature and R.H. indicates
fhat the temperatures 300, 35° and 40°C in combination with any of the
six relative humidities gave complete mortality of the pest.

At 20° and 25°C, 100°/0 mortality was obtained only with 0°/o
and 330/0 R.H. and it varied from‘7.5°/a to 700/0'between 520/0 to
900/0 R.H. The figure for mortality at 25°C and 1000/0 R.H. was 750/0.

The highest mortality obtained at 5°C was in combination with
00/0 and 550/0 R.H. and this in both cases came 1o 450/0 only. The
oter relative humidities in combination with this temperature remained

ineffective.

B. Discussion:

The results obtained under the three experimental conditions
(wheat, rice and no food) with the same set of temperatures and relative
humidities, reveal that both these factors show the same general trend

regarding the mortality of the pest. The effect of temperature is
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direct and any increase in it beyond a certain level brings a signi-
ficant increase in the mortality of the weevil. On the otler hand,
relative humidity affects the rate of mortality of the rice weevil
inversely and aﬁy appreciable decrease beyond a critical point incre-
ases the mortality of the pest. It is further seen from the results
obtained that the change of food from wheat to rice did not make any
appreciable difference in the mortality of the weevil but the absence
of food certainly increased the mortality at or above 30°C. At the
temperatures 20° and 2500, the absence of food affected the mortality
only to a limited extent. -~

At 500, the mortality obtained was almost the same under all
the treatments of temperature and relative humidity irrespective of
the presence or absence of food, probably because at 5°C the tempera-
ture is below the threshold of feeding. These results in general, are
in agreement with those of Birch (4), Bhambani (5), Mathlein (20),

Reddy (32) and Tsai and Chang (38).

C. Time required for complete mortality of weevils at effective com-

binatiﬁgg_of temgerature and relative humidity.

The time taken by different combinations of temperature and
R.H. to obtain 1000/0 mortality of the weevil is given in Table 7.

The table shows that at 40°C and 0°/0 R.H. complete mortality
of the pest was obtained after 24 hours and this period increased to

48 hours with 33°/0 and 52°/0 R.H.:; 72 hours with 75°/0 R.H. and 96
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Table 7 - Time required in hours to obtain 1000/0 mortality of the
pest at the effective combinations of temperaturesand

relgtive humidities

Relative Bumidity (Percent)

Temp. Nature of Food 0 33 52 75 90 100

Time in hours for 100°/o mortality.

40°C Wheat a4 48 72. 96 96

Rice 24 48 48 = 96 96

No Food T 48 48 48
35°C Wheat 48 96

Rice 48 96

No Food 48 96 146 Y44 Jah 144
30°C Wheat 72 216

Rice 72 240

No Food 486 96 130 19» 192 193
25°¢C Wheat 96

Rice 96

No Food .72 144 144
2¢°C Wheat 96

Rice 96

No Food 72
5°¢ Wheat

Rice

No Food
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hours with 900/0 and 1000/0 R.H. There was no difference in time due
to a change of food, from wheat to rice, but where no food was provided
all the weevils died within 48 hours.

A temperature of 35°C in combingtion with Oo/b and 330/0_R.H.
caused 1000/0 mortality of the pest after 48 and 96 hours respectively
irrespective of the presence or absence of food. With the increase in
R.H., complete mortality was obtained only in the absence of food and
it took 144 hours at 520/0 R.H. ané above,

At 30°C and 00/0 R.H. it took 72 houré each with wheat and rice
to obtain 1000/0 mortality and this period increased to 216 hours, 240
hours and 96 hours at 330/0 R.H. in case of wheat, rice and no food
respectively. At higher humidities, complete mortality was obtained
only in the absence of food in 120 hours at 529/0 R.H. and in 192 hours
at the rest of the relative humidities.

at 25° and 20°C and 0°/0 R.H. complete mortality was obtained
after 96 hours in both wheat and rice and in 72 hours in the absence
of food.

All the weevils died after 144 hours at 25°C in combination
with 330/0 and 520/0 R.H. in the absence of food. Apart from the
aforementioned combinations of temperature and relative humidity, no
other combination gave 100°/0 mortality within the period of 10 days.

The results show the same trend as found by Reddy (32).



SUMMARY AND CONCLUSIONS

The present investigations were undertaken to study the effect
of temperature and relative humidity on the oviposition and mortality
of the rice weevil, Sitophilus oryzae (L.) The weevils were bred at
25°C¢ in an incubator on the wheat variety "Plorence Aurore' and the
progeny was used in all the subsequent experimgnts. Studies carried
out on the oviposition of the weevil on wheat over a period of four
eeks at 25° and 30°C and 52°/0, 75°/0, 90°/0 and 100°/0 R.H. revealed
that no significant differences existed in the number of eggs laid at
25° and 30°C. There were, however, significant differences in ovipo-
sition due to changes in relative humidity. It was further found that
a direct relationship existed between the relative humidity and the
moisture content of wheat grain and this influenced the oviposition.

At 2500, the moisture content of wheat grains when kept for 7 days at
52°/0, 75°/0, 90°/0 and 100°/0 R.H. reached 11.8, 14.3, 16.2 and 17.2° /o
respectively and the corresponding number of eggs laid over a period of
one week was 2.1, 11.89, 16.27 and 17.9. Thus an increase in R.He. wes
found to bring an increase in moisture content of grain and this fa-
voured the oviposition.

Studies made on the rate of oviposition in relation to the age
of the weevil did not show any significant difference during the first

four weeks of the start of oviposition.

35
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It can be concluded from these findings that the chances of
breeding of Sitophilus oryzae (L.) are small at places where relative
humidity does not increase beyond 520/0 during the storage period.

Regarding the effect of temperature and relative humidity it was
found that at 40°C, complete mortality of the weevil was obtained within
96 hours under all experimental conditions.

A temperature of 35°C in combination with 0°/0 and 35ﬁ/b R.H.
caused 100° /o mortality after 48 and 96 hours respectively irrespective
of the presence or absence of food. At higher hmidities, complete
mortality was obtained only in the absence of food in 144 hours. The
mortality was, however, 97.5°/0 and 75°/0 at 52°/0 R.H., after 240
hours in case of wheat and rice respectively.

At 30°C and OO/G'R.H. it took 72 hours each with wheat and rice
and 48 hours without food to obtain 1000/0 mortality and the-correspon-
ding period at 33°/o R.H. was 216, 240 and 96 hours. At higher humidi-
ties complete mortality was obtained only in the absence of food in 120
hours at 529/0 R.H. aﬁd in 192 hours at humidities higher than this.
The mortality was 72.5°/b and 42.50/0 at 520/0 R.H. in case of wheat
and rice respectively after 240 hours.

Temperature 25° and 20°C, each in combination with 0°/o R.H.
gave complete mortality after 96 hours both in wheat and rice and in
25 hours in the absence of food. It took 144 hours at 25°C in combi-
nation with 33°/0 and 52°/0 R.H. in the absence of food, to obtain
looo/b mortality and 240 hours to get 900/0 and 97.5°/0 mortality

at 330/0 R.H., with wheat and rice respectively.
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At 20°C and 33%/0 R.H. only 90°/0 of the weevil died after 240
hours.

The relative humidity of 529/0 in combination with 200 and
25°¢ gave TOO/b and 650/0 mortality in the absence of food. The mor-
tality was 75°/0 at 25°C and 100°/0 R.H.

No other combination gave even 50°/0 mortality within 240
hours. The following conclusions can be drawn from these studies.

Temperature 40°C is effective for the control of the weevil
and this can be made use of in tropical and subtropical countries where
sunheating of grain can be practised for effective conﬁrel of the pest.

The reating of stores tOdQOOG for 3-4 days with the help of
pipes canralso be utilized for the control of this weevil.

The power of the insect to survive is higher at 5°C with all
combinations of relative humidity thanrat higher temperatures.

At higher relative humidity, the weevil stands better chances

of survival than at the lower humidity.
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