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SYNERGISTIC EFFECT OF COZ MD Oz MI XTURES ON TWO STORED GRAIN INSECT PESTS* 

CALDERON, M. and NAVARRO, S. 
Division of Stored Products, Agricultural Research Organization, the Vo l cani 
Center, Bet Dagan, Israel. 

ABSTRACT 
Tribol ium castaneum and Rhyzopertha dominica adults and eggs were exposed to 

atmospheres containing 21: -8% 0Z' supplemented with 5%-30% COZ at Z6 0 C and 55% 
r.h. for 24-144 h. Eggs of both species were more susceptible than their adult 

stage to low 02 concentrations ~~ as well as to the 02 and CO2 mi xtures 
tested. R. dominica eggs were more tolerant than T. castaneum eggs to the above 

trea tments . . 
Addition of CO2 to low O2 atmospheres resulted in a synergistic effect on adult 

mortality of both species, while there was only an additive eF ect on the eggs 

exposed to the same treatments. 
These results provide additional information to be considered in the use of 

controlled atmospheres for grain storage. 

INTRODUCTION 
The effect of various combinations of atmospheric gases on stored product 

insects has been investigated extensively by numerous workers and interesting 

results have been recorded (Bailey, 1965; Harein and Press, 1968; Jay and Pearman, 
1971; Navarro and Calderon, 1974). In many of these studies a clear indication 

of the enhancing effect of COZ on insect mortality was found. One of the most 
interesting and surprising findings was by Harein and Press, 1968, who showed that 
for T. castaneulTl and Plodia interpunctella adults, atmospheres containing up to 

15% O2 supplemented with 36% CO2 were lethal after 10 days of exposure. 
In a test of the effectiveness of atmospheric gas mixtures containing up to 

5% O2 and 5-35 ~ COZ' a significant interaction was found between the level s of O2 
and CO2 tested and the exposure period (Calderon and Navarro, 1979). These results 
indicated a clear synergistic effect of the t\'JO gases on the mortality of Tr ibolium 

castaneum adults. 

The following reports an expeiiment to detect this interaction in gas mixtures 

containing up to 8% O2, and to study the" effect of the mixtures on the adults and 
eggs of T. castaneum and R. domi nica. 

* Contribution from the Agricultural Research Orga nization, the Volcani Center, 
Bet Dagan, Israel, No. 195-E, 1980 series. 
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MATERIALS AND METHODS 

Tribolium castaneum was reared on wheat feed mi xed wi th 5% jrewer's yeast (by 

weight), and Rhyzopertha dominica on whole wheat (11% moisture content),in a 

controlled temperature (26 ~ 10 C) and relative humidity (70 + 5%) room. Groups of 

50 adults, 7-10 days old, were collected from cultures and each species was exposed, 

on 3 g of appropriate food, to different atmospheric ga s mi xtures in a chamber of 
100 ml capacity (Navarro and Donahaye, 1972). 

Eggs, 0-24 h old, were collected and confined in indi vidual incubation cel l s 
devised for this purpose (Navarro and Gonen, 1970). Groups of 100 eggs confined in 
these cell s we,re exposed in the same chambers to the same treatment as the adults. 

In each experiment one group of insects was exposed to the given gas mixture 
ofor 24, 48,72,96, 120 and 144 h, . at 26 ~ 1 C and an average r.h. of 55%. Adult 

mortality was determined as follows: after exposure, adults were transferred to 

vials of 100 ml capacity containing 3 g of appropriate food, and kept under controll! 

temperature and r.h. as in the insects' rearing room. Dead and live insects were 

counted 14 days after the end of each treatment. Egg mortality was determined by 

the failure to hatch 14 days after the hatch of the last egg of the same group. 

During the incubation period eggs were kept in the same exposure chambers - at 
normal atmosphere and ambient conditions - as the adults. 

Mortality results were prepared for anlysis by stepwise multiple regression 
analysis (Snedecor and Cochran, 1969). For determination of interaction among the 

variables, a factorial design was adopted using analysis of variance. 

RESULTS AND DISCUSSION 
Effect on adults 

Data on the mortality of the two species exposed to different combinations of 

02 and CO2 are shown in Fig. 1. Results obtained from tests with different 
exposure times were recorded, but for demonstration purposes only the results of 

the 96-h exposure are given. The curves in Fig. 1 show the enhanced toxic ity of 

the gas mixture when CO2 wa s added to the given 02 atmosphere . 

For T. castaneum, exposure to the di fferent 02 concentrations al one, di d not 

result in substantial mortal i ty, except with 2% O2, However, when ~5% CO2 was 
added, the lethal effect of the reduced 07 concentrations was considerably incr­

eased. Even at 6% 02' 90% mortality was achieved when 30% CO2 was added. 
Similar results were obta i ned with R. dominica ( Fi g. 1), showing increased 

toxicity of reduced 02 concentrations supplemented by CO2, The combination of the 
two gases seemed to affect R. dominica adults considerabl y more: at 2% 0Z' 100% 

mortality was obtained by adding only lO X CO2 . 
The data obtained for the adult stage of the two species tested ind icate the 

existence of a strong interaction between the effects of the two gases. Th is 

was expressed in increased toxicity of the gas mixtures containing CO2 added to 
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Fig. 1. Mortality of T. castaneum and R. dominicS adults exposed for 96 h to 
different 02 and ~02 mixtures at 57% r.h. and 26 C (02 level,s we.re: 2.:~ -X , 4%­
0,6%-6. and 8 ~s- 0.)· 
reduced 02 atmospheres. Analysis of variance performed on the data revealed the 

significant level of this interaction, which explains the synergistic effect of 

the two gases. 
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Fi g. 2. ~lorta1ity of T. cas taneum and dom,i nj ca eggs expo sed for 96 h to diffe r e nt 
O? and C.9.2 mixtures at 57% r .h. and 26 C 02 levels were: 2%-X ,4%-0, 6% __ ? 
and 8%- U- ). 

Effec t on eggs 

Figure 2. shoVis a different pattern of response of t he eggs exposed to the 

tested atmospheric gas combinations.First, there vias a ma rked difference in 

s usceptibility to reduced 02 a tmospheres, compared \'lith t hat of adults . For 
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T. castaneum eggs exposed for 96 h, 100~; mcrtality was recorded at 2% and.AIf: 02 

concentra ti ons wi thout CO 2 . Exposure to 6?; 02 resulted in about 87% egg mortality, 

and even at 8% 02 up to 47% of the exposed eggs failed to hatch. In contrast to 

the effect on adults ( Fi g. 1) 02 concentrations of 4% and higher, no adult mortality 

was obtained. Rhyzopertha dominica eggs (Fig. 2) were less susceptible to the 

above treatments than T. castaneum eggs, but the adul twas _aqa in fo und to be more 

tolerant than the egg. 

These findings appear to be in disagreement with conclulsions reported by Cl ther 

authors (Ali Niazee, 1971; Lindgre n and Vincent, 1970; Storey, 1977), whose res ul t s 

indicate relative tolerance of the egg as compared with the adult and the larva. 

However, those results cannot be compared with ours, since in the other investigations 

eggs were exposed to either very low 02 of 0.1-0.5% (Storey, 1977), or to pure N2, 

CO2 or He atmospheres (Ali Niazee, 1971; Lindgren and Vincent, 1970). Moreover, in 

most cases the above treatments were tested on 3-day-old eggs, while in our study 

the eggs were 0-24 h ol d. We cons i der our findings on the hig h suscepti bility of . 
the egg stage to low 02 atmospheres, interesting and of practical i mportance. More 

work on this subject is in progress. 
Resul ts on the effect on eglgs of CO 2 added to reduced 02 atmospheres shO'.·1 

again a different pattern of response, to that of the adults. The addition of CO2 
to the given 02 atmospheres had little effect on egg mortality. At the 02 concen­

trations tested, increasing CO2 concentrations did show an additive effect on egg 

mortality and did not indicate any synergism of these two gases on egg hatch. 

We find it difficult to explain the above difference in response based on the 

physiology of insect eggs versus adults. However, we can speculate that the loss 

of water in adul ts which takes place at atmospheres of higher CO 2 content, does 

not apparently occur at the same rate in the exposed eggs. Unpublished data 

have indicated that E. cautella and .T_, castaneum eggs are significantly less 

affected by low r.h. than are the adults. Further researc~ is needed to elucida te 

this interesting point. 

The findings described herein ~ay have important practical implications in the 

use of control1r::d atmospheres for insect control in stored products. 
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