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ABSTRACT 

Survival values for Sitophilus oryzae and Tribolium castaneum 

adults were studied using gamma radiation dosage of 25, 50, 100 and 

150 krad. Results with the 2 species seemed similar, although the 

rice weevil appeared the more sensitive. 

Rice and corn grains were artificially infested with Sitophilus 

oryzae and then treated with gamma radiation or fumigation* Both 

treatments reduced or eliminated adult emergence, although fumigation 

left some insecticidal residues in corn. Sterility in the adult 

weevils was induced by 15 or 25 krad treatment of gamma radiation. 

A practical control level for bulk irradiation of rice or corn grains 

could probably be achieved by a 25 krad treatment although complete 

disinfestation should be achieved by a 50 krad treatment. 
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INTRODUCTION 

A tremendous amount of the country's production of cereal grains 

is lost due to the damage inflicted by stored product pests. It has 

beten estimated that in rice and corn alone, losses due to these pests 

after 3 months of storage would amount to about 22 million pesos 

annually (197^ NGA data). This amount would greatly contribute to the 

national economy of the country. 

The stored product insects include several species of beetles, 

moths, and other insects which attack stored grains and milled cereals, 

in houses, bins, mills, warehouses, etc. They usually damage grains 

by feeding on the grain content, leaving only the outer covering or by 

scarring or roughening the grain surface thereby reducing its viability, 

lowering the grades of the grain, and reducing its milling and eating 

quality. 

Several methods of control, e.g., fumigation, seed treatment, etc., 

have been employed. However, the current concern that pesticide residues 

in foodstuff may be hazardous, has led to the intensive investigation of 

nonchemical methods of insect control. One such method that appear 

promising and has some advantages over conventional methods of control 

is the application of ionizing radiation to insects infesting grain 

and grain products. 

Gamma radiation has been suggested as a means of disinfesting stored 

grains and other stored commodities (Laudani £t al, 1965t Cornwell, 1966). 

However, if radiation is to be used as a means of controlling stored 
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product pests, the dosage to be used must be sufficient to control all 

stages of the insects present at the time of treatments, must be minimal 

enough to reduce any detrimental effects on the products, and the cost 

of the treatment must be kept at an economic level (Tilton et al., 

1971a). Gamma radiation for controlling insects in grain and grain 

products appear to have some advantages over conventional control 

methods. The treatment requires less time than fumigation, leaves no 

undersirable residue, and can be as effective in eliminating an insect 

infestation as any treatment now available (Tilton e_t al., 1971b). 

A program to determine the feasibility of controlling stored-pro-

duct insects in bulk and packaged commodities was started in the United 

States in the early 1960's. A bulk irradiator for this purpose was 

established at the Stored-Product Insect Research and Development labo

ratory at Savannah, Georgia using a 26,000 curie Cobalt«-60 source. 

This facility can handle up to 1-5 metric tons of grains or 1 metric 

ton of packaged product per hour. For commercial grain disinfettation, 

the Food and Drug Administration approved the use of gamma radiation 

in the range of 20 to 50 krad for controlling insects in wheat and 

wheat flour. 

In the Philippines, most studies were directed towards the study 

of the effect of gamma irradiation on the different developmental 

stages. Viado and Manoto (1963) studied the effects of gamma radiation 

on the adults of Sjtophilus oryzae and Tribolium castaneum. In 19691 

Manoto reported that the combination of irradiation and malathion-

impregnated sacks gnve the best protection to corn grains after 
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6 months of storage. 

Rejesus and Lapis (1973a) observed that 15 krad was effective for 

the control of all the developmental stages of Tribolium castaneura and 

Oryzaephilus ourinamensis when sublethal doses were used and 10 krad 

induced complete reproductive suppression when both sexes of irradiated 

parents were paired (Sejesus and Lapis, 1973b)• 

A study to evaluate the feasibility of bulk irradiation for some 

important cereals in the Philippines is necessary. This present study 

aimed at finding an effective lethal dose for the rice weevil and 

comparing smell bulk treatment of rice and corn grains by irradiation 

or fumigation, 

MATERIALS AND METHODS 

Life History Studies; 

Studies en the life history and habits of the rice weevil, 

Sitophilus oryzae, was conducted in the laboratory at a room temperature 

averaging 77°F and 67% R.H. .About 100 grains of pre-disinfested corn 

(the grains were placed in the freezer for 7 days to kill any idacature 

stages of th;; weevil) was subjected to 50 adult weevil for 2k hours. 

Then the weevils were sifted out of the corn grains and observations 

were made on corn grains placed individually inside a p-drstm vial. 

The same procedure was followed for the flour beetle, Tribolium 

castaneum, although instead of corn, 100 grams of pre-disinfested 

flour was used as the rearing medium. After 24 hours, the flour was 
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sifted aiid every egg collected wis placed individually in 5-ml plastic 

cups. 

Survival Studies for Sitophilus and Tribolium adults; 

The adults of the rice weevil and flour beetle were treated in the 

naked form, i.e., outside the grain. Samples of about 25 adults each 

with ages ranging from 5-10 days for each species were selected at ran

dom from the stock culture and exposed to 25, 50, 100 or 150 krad of 

ganrna radiation from a Co-60 gammacell 220 irradiator. The dose rate 

during the test varied from V58 to ^ 0 krad/hr. An unirradiated batch 

served as the control and treatments were replicated k times at each 

dosage level. 

After irradiation, the adults were transferred to vials and were 

prcviried with sufficient food. Observation on mortality was made at 

0, 3t 5, 7 f I4* and 21 days after treatment. 

During each observation, the feed medium was check for the presence 

of eggs. Eggs collected were placed in plastic cups and were observed 

for hatchability, larval pupation and adult emergence. Survival curves 

were constructed for each specios. 

Small bulk treatment of weevil-ii.fested rice and corn grains: 

Small bulk treatment of infested rice and corn samples were 

artificially infested with rice weevils by seeding 500 adults in a 

kilo of grains. After 7 days the adult weevils were silted out and 

treatment of Ca, l*+5-,jm samples of grains was done at 7» 1^ and 21 days 
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after artificial infestation so that the grains were assumed to contain 

the different stages of the weevil as follows: 

At 7 days after infestation = e^gs and early instar larvae 

At Ik days after infestation = medium instar larvae 

At 21 days after infestation = late instar larvae and pupae. 

The above samples were irradiated at 15 t 25t 50, 75 and 100 krad 

using the Co-60 gamraacell 220 irradiator. The dose rate varied from 

^35 to Mt7 krad/hr. during the test. There were 3 replicates for each 

treatment with an unirradiated sample provided as control for each 

replicate. 

Fumigation was done with the cooperation of the National Grains 

Authority, For corn, methyl bromide was used at 1.5 pounds per 1000 

cubic foot of space. The grains were exposed to the gas for k8 to 72 

hours. 

After treatments with either irradiation or fumigation the samples 

were placed in l/^f-gallon square jars and each jar was covered with 

2 layers of cheese cloth. Percent moisture was taken before and after 

each treatment using a Steinlite Moisture tester. Observation was made 

every month for 6 consecutive months on adult emergence and degree of 

damage, 

RESULTS AND DISCUSSION 

Life History and Habits of Rice Weevil and Flour Beetle: 

The rice weevil, Sjtophilus oryzae, is present all over the world 
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whenever stored cereal products are to be found, and are the most 

frequently encountered species in stored grains. This weevil attacks 

cereals like rice, corn, sorghum, wheat, soybean and other grains 

including their by-products. The following observations in the life 

history cf the rice weevil were done by carefully examining each corn 

grain under a bin. ••ular microscope, since the different immature stages 

dry up easily once taken out of the grains. 

The female weevil usually chews 3mall cavities in the grains and 

deposits small white eggs, one in each cavity sealing it with a gluey 

secretion. After k to 5 days the eggs hatch into soft, white legless 

fleshy grubs which feed on the content of the grains. A single grain 

is enough for the larva to develop to maturity. The larva changes to 

a naked white pupa after 21 to .25 days. Then 5 to 8 days after, it 

emerges out from the grain as an adult. The adult weevil could survive 

from 29 to 118 days and a single female could lay from 52-106 eggs during 

her lifetime. 

The jrust-red flour beetle, Triboliun castaneum, is known to attack 

a wide variety of food products principally flour and broken grains. 

Unlike the rice weevils, these beetles cannot feed on undamaged grains. 

It is a cosmopolitan species and is most frequently associated with 

grains and their by-products. 

The female beetle usually deposits h.er eggs on flour or any grain 

powder. The eggs are oblong, white and rearly transparent. After 4-9 

days the eggs hatch into long, legged and pinkish larvae. The larvae 

molts 5 times and changes to a naked pupa in 24-36 days. The duration 
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of the pupal period r:anges from 5 to 8 days. The adult beetle stays 

alive from 33 to 129 days and a single female could lay from kj to 116 

eggs during her lifetime. 

Survival valves for rice we3vil and floor beetle; 

The survival curves for rice weevil and flour beetle ivradiated at 

different doses of gamma radiation are shovn in Figures 1 and 2, res

pectively. The adult rice weevils were more sensitive to radiation 

damage than the adult flour beetle. In the case of the former, it 

took about 3 and 7 days to kill half the original number of rice weevils 

treated with 100 and 50 krad, respectively, while in the case of the 

adult population to be killed after 100 and 50 krad treatment, respec* 

tively. N 0 eggs were recovered from all the treated samples indicating 

that sterility was induced even before the adults were eventually killed 

by radiation. From the untreated samples, about 82% of the eggs 

collected hatched into larvae and 7*$ of these larvae reached the adult 

stage. 

Comparison of Gamma Irradiation and Fumigation: 

A comparison of irradiation and fumigation treatments of weevil-

infested corn grains based on the number of emerging adults is shown in 

Table 1, 

The results show that both treatments significantly reduced or 

eliminated adult emergence although some cases of reinfestation and 

reproduction of reinfestants were observed especially from the 3rd month 

up to the 6& month of storage. All the eggs and young larvae of rice 
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weevi] were all killed by radiation as shown by the absence of any emer

gence from those treated at 7 and Ik days after artificial infestation 

of grains. However, a few adultsf 9«3 and 8.3, were able to emerge 

after treatment with 15 and 25 krad, respectively, at 21 days after 

artificial infestation. These adults were collected 1 month after 

treatment. When these adults were transferred to fresh food, they 

survived up to 5 weeks but no offspring was produced indicating that 

sterility was induced in the reproductive organs and that some lethal 

factors were affected on the somatic cells, such that longevity was 

greatly reduced. Longevity of the untreated batch was from 2-3 months. 

However, some adults observed in the 2nd month of observation, in the 

15- and 25- and 23-krad treatment were probably due to some delayed 

emergence of immature stages that have escaped the lethal affect of 

radiation during treatments. Fumigation killed completely all the 

different stages of the weevil. 

On the other hand, when rice grains was treated almost all the 

different stages were killed except for a few adults that were observed 

in the 15 krad treatment of l*f- and 21- day samples (Table 2). Beyond 

the first month, no adults were further observed except for some in the 

75- and 50- krad treatment which were most likely new infestants. These 

adults were fertile and survived for almost 2 months in the fumigated 

samples. Some rice moth larvae invaded the jars. 

Chemical analysis of fumigated corn showed a bromide content of 

188 ppm while the tolerance limit is only 50 ppm. 
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Estimated damege to the grains especially in corn was extensive 

for all the control samples. Some feeding damage was evident in all 

samples treated with 15 krad. Feeding damage was also evident in some 

samples treated with 25 krad but no feeding damage after treatment with 

50 krad and above although damage was evident in grains where reinfes-

tation occurred. 

Feeding damage in both irradiated and fumigated rice was negligible. 

However, since some residues were found in fumigated grains, a 25 to 50 

krad gamma radiation treatment appeared advisable for the disinfeatatio" 

of rice and corn grains. These values fall within the U.S. Food and Drug 

Administration (1968) approved levels for control of insect species in 

wheat and wheat flour. 

CONCLUSION AND RECOMMENDATION 

Under the conditions of these, rice grains could apparently be 

disinfested either by gamma radiation or by fumigation. If gamma radia

tion is used, then a dose of 15 krad is adequate to eliminate almost 

all the various immature stages except probably some mature larvae and 

pupae. However, with corn, a 25-to 50-krad treatment would probably be 

adequate for insect control in bulk treatments where a few live but 

sterile insects would be acceptable. With 50 krad, most of the rice 

weevil and flour beetle adults were already killed after 2 weeks and no 

insect progeny was produced. With fumigation, some residue problems 

were encountered which may be detrimental to consumers. Thus a 50-krad 
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treatment could be recommended as an alternative insect countrol 

measure and a somewhat lower level (25 krad) might also be effective in 

preventing development. This could greatly reduce or eliminate the 

large losses caused by insect damage. However! further studies should 

be done to evaluate bulk disinfestation of 2-kgm samples of rice and 

corn grains. 
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Table 1. Live adult rice weevils recovered from irradiated and 

fumigated corn at different months after treatment. 

(Me-ins of 3 replicates) 

:Days after • 
:artificial : 
:infestation: 

Dosage 
(krad) 

Average number of r ice weevil recovered 
at indicated months posttreatment 

1 2 3 ** 5 6 

A, Irradiated 

15 

25 

50 

75 

100 

B. Fumigated y 

7 3.7 k2.3 533.0 705.7 323.7 96.0 
Ik 22.7 59.0 38^.3 692.0 258.7 38.3 
21 20^7 9k.7 72^.0 295.3 156.0 126.0 

7 0 0 225.7 0 0 a 
Ik 0 0.7 0 0 23.7 110.7 
21 9.3 11.3 0 116.3 69.7 79.o 
7 0 0 33.7 83.0 103.0 ikz.3 

Ik 0 0 0 0 0 58.0 
21 8.3 27.0 0 0 0 0 
7 0.3 0 0 0 0 0 

Ik 0 0 0 27.3 52.3 81.3 
21 0 0 0 0 13.3 58.3 
7 0 0 0 0 0 0 
1^ 0 0 0 0 18.7 **8.0 
21 0 0 0 0 0 0 
7 0 0 0 0 0 21.7 
1^ 0 0 0 0 0 65.3 
21 0 0 0 0 0 0 

7 
Ik 
21 

0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 

B/ 
Based on 2 repl ica tes only. 
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Table 2. Live adult rice weevils recovered from irradiated and 

fumigated rice at different intervals after treatment. 

(Means of 3 replicates) 

Dosage 
(toad) 

:Days after : 
:artificial : 
:infestation: 

Average number of rice weevils recovered 
at indicated months posttreatment 
1 2 3 4 5 6 

A, Irradiated 
7 0 9.3 5.6 297.7 295.3 56.3 

0 14 0 15.7 23.7 170.7 184,0 16,3 
21 1.0 14.7 29.7 153.3 55.0 2.7 
7 0 0 0 0 0 0 

15 14 7.3 0 0 0 0 0 
21 3.3 0 0 0 0 0 
7 0 0 0 0 0 0 

25 14 0 0 0 o 0 0 
21 0 0 0 0 0 0 
7 0 0 0 0 115.7 2.0 

50 Ik 0 0 0 0 0 0 
21 0 0 0 0 0 0 
7 0 0 0 0 2.0 0 

75 14 0 0 0 0 0 0 
21 0 0 0 0 0 0 

100 7 0 0 0 0 0 0 
14 0 0 0 0 0 0 

B. Fumigated 
21 0 0 0 0 0 0 

B. Fumigated 
7 0 0 0 0 7.5* 56.4* 

Ik 0 0 0 0 0 0 
21 0 0 0 112.2* 11.4* 72.6* 

Based on two replicates only. 
* Lavae of rice moth recovered from samples. 


