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LOW TE1WERATURES: EFFECTS ON CONTROL OF SITOPHILUS OR YZAE (L.) WITH MOD IFIED 
ATMOSPHERES 

EDWARD JAY* 

INTRODUCTI ON 

A considerable amount of information oas been obtained in recent years 

concerning the effects of modified or controlled atmospheres on stored-pt'oduct 

insects. However, most laboratory studies have been carr ied ou t at temperatures 

ranging from 26° to 33° C. tjailey and Banks (197 il ), in a summary of 10 of the 

more recent laboratory studies, found only one that was conducted at temperatures 

as low as 15.6° C, and this one (Harein and Press, 1968) had to do only with 

adult Tribolium castaneum (Herbs t). Again, when Banks (1978) surT'lllarized 

results of field studies with modified atmos phe res, he noted only one iow 

temperature large-scale field study (B anks et al., 1978) . This was conducted 

at 13.5° C, and 77 to 79% mortality of all life s tages of Sitoph i lu s oryzae 

(L.) was obtained by a 10-day exposure to atmos pheres containing from 47 to 68% 

carbon dioxide (C02) (balance of modified atmosphere was air). 

Earlier Bani<.S and Annis (1977) had suggested I-Ihen a storage fac il ity containing 

grain at 15° C is purged with nitrogen (N 2) for insect control, the exposure 

time must be greater than 24 wk for complete disinfestation, even when the 

oxygen (02) level is held at 0- 1. 21. 

Because of the lack of info rma tio n on the combination of low temperature and 

modified atmospheres, the following study was undertaken. 

i""ETHODS AND ~.AT E R IAL S 

The insects used in this study were immature i. oryzae that are cont i nuous ly 

reared at the Savannah laboratory on 12% m.c. sof red winter wheat at 26. 7° C 

and 60% RH . The cultu res for t he tests vJere estab l is hed by seedi ng 360 9 of 

this wheat with ca. six hundred 1- to 3-wk-old adults for 72 hr . At the end of 

this period, the adu l ts were si eved off leaving imma ture insects 0 to 3 days 

old in the cultures. i. oryzae used in these tests were therefore from ° to 3, 

7 to 10. 14 to 17, 21 to 24, or 28 to 31 days old at the beginni ng of t he 

exposure. l'Iheat containing insec ts of these ages wa s blended together for 

5 min in a ball mill, and 5 g of this blend was placed in a 16 x 14 (to cm) 
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mesh wire screen cage me asuring 6.4 cm hi gh x 1.9 C~ diam. An adequate numbe r 

of cages was filled to provi de a group of three 5-g cages for each exposure 

plus another cage that was used as the control for each group. 

The exposure char,lbers \vere similar to those described by Ha rein and Press 

(1968) and consisted of 2.8-liter glass jars that were pa r tly submerged in 

laboratory baths filled with water. These baths were equi pped wi th refrigeration 

systems so the water temperature could be red ,~ced to levels below the ambi ent 

temperature. Four such baths were used, and they were individuall y set to 

maintain the water temperature at ca. 1.6° , 4.4°, 10 .0° , or 15.0° C. The jars 

were closed with metal screw-top lids fitted with 23- and 2.5-cm lengths of 

0.6-cm o.d. copper tubing; these were used as gas inlet and gas exi t tubes, 

respectively. The li ds we re also fitted with a neoprene stopper so a humidity 

sensor could be inserted. During exposure, the cages were suspended i n the 

exposure chambers from a 5-cm length of steel wire hung from the underside of 

the neoprene stopper. 

The gas mixtures were re leased from the cylinders through two-stage regulato rs 

and flowed throug.h a micrometering valve and flowmeter into gas washing bottles 

that contained a glycerin-water mixture that adjusted t he RH of the gases to 

ca. 56%. The gases then flowed into the exposure chambers. A f low rate of 

200 cc/m i n was used for the first hour to purge the chambers. A rate of 

30 cc/min was used for the balance of the exposure periods. The RH was mo nitored 

\~ith an electric hydrometer (model 15-2001 humidity indicator and narrow range 

humidity sensors, Hygro-dynamics, rnc.), and the temperature was reco rded 
daily)/ 

A Fisher-Hamilton model 29 gas partitioner equipped wi th dual col umn~ was 

used for daily analysis of ternary mix t ures. A Vidar model 6300 di gital 

integrator was used to measure the areas under t he pea ks. A Beckman model E-2 

oxygen analyzer was used for daily analysis of binary mix t ures. 

Insects and grain at four temperatures were exposed to gases fr om cyl inde rs 

containing air, 100% N2, 100% CO 2, or a blend conta ini ng ca. 60% CO2, 9% 02' 

and 31% N ' (Small leaks in the system reduced the actual concentrations ofZ 
100% NZ t o ca. 99% and 100% CO2 to ca. 98%; this was expected ). Exposures were 

for periods of 1, 2, 3, or 4 wk. Controls were held in similar cages in a r oom 

maintained at 26.7°+10C. and 60+5 ~ RH. Four replicates (3 cages per replicate) 

were tested at each of the four temperatures and four expo su re periods for 

normal air and with the CO2 mixture. Three rep l ica tes (3 cages per replicate) 

were tested simi l arly with the ca. 100% CO2 flow and two with the ca. 100% N2 

flo''''. 
At the end of the exposure period, the contents of the cages were placed in 

lZO-ml glass conta i ners with filter paper lids and held at 26.7°C. for 1 wk. 

Emergence counts were made at 1 wk and weekly thereafter for 5 more I'/k. 
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Effectiveness of treatment was detemined by dividing the total !' umber of 

insects that emerged after treatment by the total number that emerged in the 

controls and converting this to percent reduction in emergence (RIE). 

RESULTS AND DISCUSSION 

Samples of atmosphere analyzed for all replicates had t he following percentages 

(.:!:. S.D.) of ca t'bon dioxide, oxygen, and nitrogen: no nnal air - 20.9+0 . 1' , O2, 

balance N2 and rare gases; CO2 mi xture - 60.4.:!:.0.7% CO2, 8.9.:!:.0. 2% 02' and 

30.7.:!:.0.6% N2; 100% CO2 - 97.7.:!:.0. 9% C02~ 0.4.:!:.0 . 2% 02' and 1.9.:!:.0 . 6% N2; and 100% 

N2 - 0.5.:!:.0. l ~ 02 and 99 . 6.:!:.0. 1% N2. The mean (.:!:. S.D.) of the relative humitities 

were: natural air - 55.9.:!:.3. 1%; in CO2 mixture - 56.0.:!:.3, 3%; 100% CO2 - 56.2.:!:.3.2%; 

and in 100% N2 - 55. 3.:!:.2. 8%. (,'lean temperatu r es (.:!:. S.D. 's) in the exposure 

chambers are given in Tables 1 through 4. 

Tables 1 through 4 present results of exposures to the normal air and to 

three modified atmospheres at the four temperatures. At 1.6° C (Table 1) there 

was no emergence of insects exposed to nonnal air or to 98% CO2 after 2 wk of 

exposure. Exposures of thi s length to the CO 2 r.1i xture or to 99% N2 gave a 99:' 

or higher RIE, but increasing the exposure time to 3 or 4 wk did not produce a 

100~ RIE when insects were exposed to the CO2 mixture. Those exposed 4 wk to 

99% N2 had a 100~ RIE. 

At 4.7° C, the only atmospheres producing 100% RIE were: normal air after a 

3-wk exposure and 98% CO2 after a 4-wk exposure (Table 2); however, these two. 

atmospheres gave a 99)~ RIE after an exposure of 2 wk. i. oryzae exposed to the 

CO2 mi xture had RIE of over 99% afte r a 3-wk exposure; those exposed 4 wk to 

99% N2 had a 99. 9% RIE. 
At 10.4° C, the only 100% RIE occurred when insects were exposed to t he CO2 

mixture for 4 '.~k (Table 3). However, the RIE was over 99% Itlhen insects Itlere 

exposed to the CO 2 mixture for 3 wk or 98% CO for 4 wk. l~hen the insects I',ere2 
exposed to air or to 99% N2, mortality gradually inclreased 'tlith increasing 

exposure ti me and reached abou t 98% after 4 wk. 

At 15.7° C, the RIE was 99% after a 2-wk exposu re to t he CO2 mi xture and 

100% after a 3-wk expos ure (Table 4). Insects exposed for 3 or 4 wk to 98% CO 2 
or to 98% N2 for 4 wk had an RIE above 99%. 

Lm'l numbers of insects emerged from the 60% CO2 and 99% N2 atmospheres af t er 

2- or 3-week expo sures at 1.6 0 C. The fact t hat no emergence occurred f rom t he 

samples exposed to only air is assu~ed t o be the result of the cold reducing 

the respiration rate of the insect s to a low level and thus preven t ing Signif icant, 

but not total, venting of the abnormal atmospheres. Thi s ven t ing in response 

to atmospheres high in i~ 2 or in response to a tmospheres hi gh in CO2 but wit h 

some oxygen present prevents compl ete anoxia which has been shown to be one of 

the major caus es of death due to exposure to these at~os phe res. This venting 
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TABLE 
Percent reduction in emergence (% RIE) \·,hen immature ~. oryzae were 

exposed to air or to one of three mo dified abnospheres at 1.6°+0.1° C 

(S.D.) for indicated periods.* 

% RIE after exposure of (wk) 
Atmosphere 

2 3 

Air 98. 7 100.0 liJO.O 100.0 

60% CO 2 95.6 99.4 99.8 99.9 

98% CO 2 99.8 100.0 100.0 100.0 

99% N2 94.5 99.1 99.9 100.0 

TABL E 2 
Percent reduc ti on in emergence (% RIE) when immature ~. oryzae were 

exposed to air or to one of three ~cdified atmospheres at 4.7°+0.2: C 

(S.D.) for indicated periods.* 

% RIE after exposure of (wk) 
Atmosphe("~ 

2 3 4 

Air 93.3 99 .8 100 . 0 100.0 

60% CO2 71. 0 94.6 99.7 99.9 

98% CO2 90.1 99.3 99 .9 100 .0 

99% N2 50.3 91.0 97 .6 99. 9 

*Mean and S.D. fo r adu l t emergence for all controls (26.7° C) were 1 wk 
63.8~15; 2 wk - 89 .6~45 .5; 3 wk - 172. 8~4 1 .5; and I]. 'Il k - 239 .5+35 .9. 
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TABLE 3 

Percent reduction in 

exposed to air or to 

(S.D. 1 for indicated 

emergence (% RIEl when immature ~. oryzae were 

one of three modified at mos pheres at 10 .4°+0 .6° C 

periods.* 

% RIE after ex posur e of (wk) 
Atmosphere 

2 3 4 

Air 89.3 99.4 95. 0 97.9 

60% CO2 72.6 92.4 99.4 100. 0 

98% CO2 76.1 89 .5 95.6 99 . 6 

99% N2 64.3 72. 5 84 .6 98 . 1 

TABLE 4 

Percent 

exposed 

(S.D. ) 

reduction in 

to air or to 

for indi cated 

emergence (% RIE ) when immature ~. oryzae we re 

one of t hree mo dified atmospheres at 15.7°+0. 5° 

periods.* 
C 

Atmosphere 
% RIE after exp osure of 

2 3 

(w k) 

4 

Air 67.1 88.5 89. 3 89.1 

60% CO 2 80.5 99. 0 100 .0 100. 0 

98% CO 2 97.4 97. 2 99.6 99 .9 

99% N2 41. 7 86.0 82 .7 99.7 

*Mean and S. D. for adult emergence fo r al l co nt rol s (26. 7° C) were 1 wk 
63.8~1 5 ; 2 wk - 89 . 6~4 5 .5j 3 wk - 172.8_4 1. 5; and 4 wk - 239 . 5~35. 9 . 
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is associated l'lith spiracular control and body weight loss. The majority of 

the weight loss is assumed to be water, and death is partially caused by 

desiccation in hig h NZ atmospheres (Navarro, 1978). J ay and Cuff (unpublished 

manuscript) confir~ed this relationsh ip in experiments that showed a hig h 

weight loss in larvae, pupae, and adults of 1. castaneurn wh en t hey were exposed 

to a ca. 60% COZ cancentration similar to the one used in these tests . Therefore, 

we assumed that the i. oryzae in the present tests, even in the presence of low 

temperatures, reacted enough to actively engage in the venting or pump i ng of 

their respiratory systems. Their metabol ic rate was thereby increased, and 

their body temperature l'las slightly increased So they vlere actuall y protected 

from the direct effects of the low temperatures, but, the magnitude of this 

acti vity was not enough to induce heavy water losses and desiccation causing 

death. 

Jay and Cuff (unpublished manuscript) also showed that in very high COZ 
concentrations, si mi lar to the 98% CO Z used in these studies, the body l'leight 

of T. castaneum was not reduced as morta l ity increased. Fried ~ an~er and 

Na varro (1979) studied the mode of action of high CO Z concentrations on pupae 

of Ephestia caute ll a ( ·ia1ker). They found that treatments with 99% COZ 
dras t i ca 11 y reduced ATP 1 eve 1 sin these i nsec ts. I n the tes ts reported here, 

98% CO 2 gave 100% RIE after 2, 3, and 4 wk of exposure at 1.6 0 C, but cold 

alone did the same when the insects were exposed to normal air. I therefore 

believe that the insects exposed to 981 CO2 were completely anesthetized, could 

not ra i se the i r body tempera ture by vent i ng, and were therefo re kill ed by a 

combination of low temperature and COZ' 

From a practical standpoi nt then, there is little need to use modi fied 

atmospheres or any other control technic;ues against ~. 2ryzae I"hen grain 

temperatures are below 10.4° C. The cold alone will produce a high mortality, 

almost 98% RIE, after 4 wk. At a temperature of 15.7° C, the mixture with 60% 

CO will give a RIE of 99% in 2 wk and 100% in 3 wk, and an atmosphere cont ainingZ 
98% CO2 will give a RIE of over 99% in 3 wk bu t would be mo re expensive to us e. 

Moreover, at this temperature, cold alone gave an RI E of almost 90% in 2 wk , 

though it did not increase its effectiveness by additional exposures of up to 

4 wk. The data reported he;e compare favorably with those of Ba nks (1978) who 

obtained 77 to 79% mo rtality with a 10-day exposure to 47 and 68% COZ at 

13 .5° C. For example, an exposure to the mix ture contained 60% CO 2 at 10.4° C 

for 1 wk gave 72.6% RIE; a' Z-wk exposure to this concentration and temperature 

gave a 92.4% RIE (Table 3). However, they cannot be compared with the estimat ed 

mortality of Banks and Annis (1977) for an exposure tine of nore than 24 wk at 

15° C for high NZ (low 02) concentrations. Si nce Tab le 4 shows t hat a 4-wk 

exposure at 15.7° C to 99% NZ will give a 99.7% RIE, a 100% RIE would probably 

be obtained by an additional exposure of 1 to 2 wk, not 20 wk. 
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