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ABSTRACT 
 

 

The created anoxic environment has inferred its effect against specific agricultural 

pests as Tetranychus urticae and Spodoptera littoralis. It was depending on the 

exposure of both pests with certain stages to 0 ppm O₂ and 5000 ppm CO₂. After 

anoxia exposure for 8h, no hatchability was detected of both pests’ eggs. 

Consequently, hatchability percentages were 78.07% and 64.11% for T.urticae and 

S.littoralis, respectively, after anoxia exposure for 2h. While exposure to 4h to anoxic 

conditions resulted in a reduction of hatchability percentages which recorded 32.01% 

and 20.78% for the same arrangement, respectively. Then anoxia effect expanded on 

the survival percentages of the resulted larvae of T.urticae and S.littoralis, they were 

20.36% and 31.78%, respectively, for 2h. While exposure to 4h to anoxic conditions 

resulted in a decrease in survival percentages which recorded 5.05% and 5.41% for 

the same arrangement, respectively. Estimated values of LT₅₀ were 5.7,4.1 and 4.77 

h, respectively, for eggs, adult males and females of T.urticae, respectively. While, 

LT50s were 6.09,3.15,4.21, and 6.15 h for anoxia effect on eggs, 2nd and 4th larval 

stages and pupal stage of S. littoralis, respectively. Anoxic stress led to oxidative 

stress development. Excessive reactive oxygen species translated in the significant 

reduction of formation in reactive oxygen scavengers (ROS) in anoxia treatments 

with LT50 of both pests than control. Ascorbate Peroxidase (APX) levels before 

exposure to anoxia were higher than after treatments. To recapitulate, increased 

anoxic stress is able to control agricultural pests efficiently pro rata with elevated 

reactive oxygen species. 
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INTRODUCTION 

 

Modified atmospheres (MAs) are extending out utilized recently to manage agricultural pests even 

to kill or deterrent them. It might be occurred through hypoxia by low O2, and elevated levels of 

CO2 (Seki and Murai 2012a, b). While anoxia by zero O2 and 100% of CO2 have an anesthetic 

action that led to death. The mode of action of the elevated concentration of CO2 on insects was 

mainly around inhibition of bioelectric responses of their nervous system (Nicolas and Sillans, 

1989).  

 

Besides, many studies are associated with depletion in O2 and/or with an elevation of CO2 through 

modified or controlled atmospheres (MAs or CAs) which provided an eco-friendly and cost-

efficient treatment against pests in stored products (Golestan and Rahimi, 2017).  

 

On the other hand, MAs played an important role in transplanting seedlings which sullied with 

certain pests regularly incites their outbreak in nurseries, where specific numbers of natural 

enemies are restricted (Van Lenteren, 2000). To acquire seedlings free of pests and also post-

harvest products, chemical fumigation with an expansive range pesticide, methyl bromide, was a 

regularly utilized strategy (Ristaino and Thomas, 1997; Mitcham et al., 2006). Nonetheless, methyl 

bromide is a noteworthy depleting substance of the ozone (Montzka and Reimann, 2011); it is 

likewise profoundly poisonous to people.  

 

Nonetheless, modified or controlled atmospheres (MAs or CAs) would be an alternative of 

common pesticides against herbivores as spider mites (Suzuki et al.,2015). 

Subsequently, the focus of this study was around the potential role of anoxia with 0% O2 and a 

high concentration of CO2 in controlled atmospheres (CAs) to control Tetranychus urticae and 

Spodoptera littoralis. 

 

MATERIALS AND METHODS 

 

 Tetranychus urticae culture - 

T.urticae were collected from normally infested castor oil plants (Ricinus communis L.). 

Maintenance of T.urticae was done under laboratory conditions (25±2˚C, and 60±5%RH) at Plant 

Protection Research Institute, Mansoura branch, Egypt. Colonies were reared on cleaned castor oil 

leaves and placed on moist cotton wool pad in Petri-dishes as indicated by Dittrich (1962), for a 

half year before treatments. Spider mites were transferred to the leaves by the aid of the fine camel's 

hairbrush. Adding water was done twice daily to prevent escaping of T.urticae  individuals. 

 

- Spodoptera littoralis culture 

Spodoptera littoralis was cultured on leaves of the castor oil plant (Ricinus communis L.) in Plant 

Protection Research Institute, Agriculture Research Center, Mansoura Branch, Egypt. Larvae were 
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kept at 25±1 °C, 70% RH and 12L: 12D of photoperiod. Eggs, second and fourth larval instars, 

and pupae were used in this experiment.                                                                                                              

 

-Anoxia test of tested pests 

Co2 was determined by EZO-CO2™ that composed mainly of embedded NDIR CO₂ sensors able 

to detect 0-10000 ppm (Atlas Scientific LLC, New York, USA). It was compatible with Arduino 

system that was used to control the full operations and attached to the computer. Gaseous CO₂ was 

adapted at 5000ppm concentration with no O₂ (0 ppm). Increased CO₂ was increased gradually by 

the addition of calcium carbonate and hydraulic acid as the following equation: 

   
Samples were placed in closed glass cube containers with almost 0.25m³ which contained at the 

bottom of it added 250 ml of each chemical, then the above layer was polycarbonate set with Petri 

dishes and each exposed stage of certain pests. Then, sensors of CO2 were inserted from the top 

cover of that small chamber inside the space of it. Exposure was done for different duration of test 

2,4, and 8 h beside control (0 h). Then all pests were kept in the laboratory circumstances (25±5 

ºC, 75%RH). Exposure of each pest was by kept 90 individuals of each tested pest stage under the 

anoxia treatment which triple replicated. T.urticae were transferred to discs of castor oil plants 

which placed on moist cotton wool pad in Petri-dishes as indicated by Dittrich (1962). Concerning 

exposed stages of S. littoralis, they were placed in Petri-dishes with discs of castor oil for each 

required duration under anoxic conditions. Then all kept under laboratory conditions to calculate 

percentages of hatchability of eggs and survival of larvae. Also, LT50s of tested stages were 

determined by probit analysis.  

 

-Antioxidant of enzyme activities in treated pests exposed to anoxia 

   APX activity was measured through the estimation of the rate of ascorbate oxidation. Each 3 mL 

reaction mixture was consisted of 0.1 mM H2O2+50mM phosphate buffer (pH 7) + 0.1 mM 

EDTA+0.5 mM sodium ascorbate, and an enzyme extract. The change of the absorbance was 

monitored at 290 nm and enzyme activity was expressed as the unit's min/mg protein (Nakano and 

Asada, 1981).                                                                                                                                         

 

-Data Analysis 

IBM SPSS was used to analyze data gained by anoxia treatments. Paired Samples correlations test 

to show the significant differences between anoxic treatments of exposed certain stages of tested 

pests. Besides, both Friedman’s two-way analysis of variance by ranks that showed a highly 

significant difference at 1% and Cronbach's Alpha through Reliability Statistics at 5% were used.  

 

RESULTS AND DISCUSSION 

 

-Eggs hatchability and larval survival  

Concerning the effect of certain durations of anoxia on the hatchability of the eggs of T.urticae 

and then survival of larvae was shown in the figure (1). After anoxia exposure for 8h, no 

hatchability occurred while control recorded the highest hatchability percentage of 95.24%. 
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Subsequently, hatchability percentages were recorded 78.07% and 32.01% by exposure of eggs 

under anoxia durations for 2 h and 4 h, respectively. Consequently, the effect of certain durations 

of anoxia on the hatchability of the eggs of S. littoralis and then survival of larvae was shown in 

figure (1). After anoxia exposure for 8h, no hatchability occurred while control recorded the 

highest hatchability percentage of 97.01%. Therefore, hatchability percentages were recorded 

64.11% and 20.78% by exposure of eggs under anoxia durations for 2 h and 4 h, respectively. 

 

Regarding the effect of specific durations of anoxia on the resulted larvae and then survival of 

them, data was recorded at the figure (1). After anoxia exposure for 8h, no survival occurred while 

control recorded the highest survival percentage of 97.21%. Subsequently, survival percentages 

were recorded 20.36% and 5.05% by exposure of eggs under anoxia durations for 2 h and 4 h, 

respectively. Consequently, after anoxia exposure for 8h, no survival occurred of S. littoralis larvae 

while control recorded the highest percentage of 96.35%. Therefore, survival percentages were 

recorded 31.78% and 5.41% by exposure of larvae under anoxia durations for 2 h and 4 h, 

respectively. 

Paired Samples correlations test showed the highest significant between anoxia duration and 

T.urticae hatchability at 1% (.950**), followed by the relation between anoxia duration and S. 

littoralis hatchability at 5% (.933*). In the same trend, the Paired Samples correlations test showed 

the highest significant between anoxia duration and T.urticae survival at 1% (.840**), followed 

by the relation between anoxia duration and S. littoralis survival (.751*). 

 

 
 

 

 

-LT50s of Anoxia Treatments 

Anoxic action against both T.urticae and S. littoralis was tested and LT50s were recorded as shown 

in Figure (2). LT50s were 5.75,4.1, and 4.77 h for anoxia effect of eggs, adult males and females 

oxia effect of eggs, , respectively. While, LT50s were 6.09,3.15,4.21, and 6.15 h for anT.urticaeof 

.                                                , respectivelyS. littoralislarval stages and pupal stage of  thand 4 nd2 
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Figure (1) Survival and hatchability percentages of affected eggs and resulted larvae of 
both Tetranychus urticae and Spodoptera littoralis
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-ROS affected by anoxia LT50s 

Reactive Oxygen Scavengers (ROS) in anoxia treatments with LT50 of both T.urticae and S. 

littoralis, were significantly lower decrease than control (P < 0.05). Figure (3) showed that 

Ascorbate Peroxidase (APX) before exposure to anoxia was higher than after treatments. Anoxia 

LT50s of T.urticae adult males and females caused a reduction of APX with 36.37 and 35.62 

larval instar and pupal stage were  thwith its 4 S. littoralisresp. Otherwise, APX values of %,

affected by anoxia LT50s almost higher than adults of T.urticae. APX recorded reduction with 

41.39 and 37.99%, resp., for both tested stages as mentioned previously. Friedman’s two-way 

analysis of variance by ranks showed a highly significant difference at 1% (.01**) in all treatments 

of APX ratios before and after exposure to anoxia. Also, paired-samples correlations between 

treatments before and after anoxia showed the highest significant correlation at 1% (.982**). 

Cronbach's Alpha through Reliability Statistics showed a significant difference at 5% in the 

decrease of APX between males and females of T.urticae =.750* and for stages of S. littoralis= 

.631.                                                                                                                                                           

 
%Decrease = ROS (APX) ratio after anoxia of the exposed pest / ROS (APX) ratio before anoxia of the exposed pest *100 

 

y = 0.1355x2 - 1.091x + 6.5429
R² = 0.1954
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Figure (2) LT50s of anoxia treatment against both Tetranychus urticae and Spodoptera littoralis
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Figure (3) Effect of anoxia LT50s on ascorbate peroxidase (APX) of Tetranychus urticae and 
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DISCUSSION 

 

Numerous insects, however not all, for example, larvae of the fruit fly (Callier et al., 2015), enter 

a comatose state of the neuromuscular when presented to anoxia (Rodgers et al., 2010) and longer 

anoxic exposures decrease endurance and increment the time it takes for insects to recuperate from 

anoxia (Lighton and Schilman, 2007). 

Anoxic mortality possibly happens when ATP levels are near zero and anoxic endurance may 

consequently include some capacity to manage/keep up ATP at a low yet non-zero level (Campbell 

et al., 2018). The low ATP levels are probably going to lessen the action of particle intention 

ATPases, bringing circa a steady loss of particle homeostasis during anoxia. This is especially 

dangerous if extracellular K+ concentration rises (Rodgers et al., 2010; Campbell et al., 2018), as 

a disturbed transmembrane [K+] inclination prompts cell layer depolarization, which can start 

apoptotic or necrotic procedures (Hochachka, 1986; Armstrong et al., 2011; Bayley et al., 2018). 

Raised extracellular [K+] has been seen in both cerebrum (Rodriguez and Robertson, 2012) and 

hemolymph (Campbell et al., 2018) of anoxic D. melanogaster. Likely, anaerobic metabolism 

caused serious acidification as detected in D. melanogaster hemolymph. The anoxic injury has 

then resulted from anaerobic acidosis (Storey and Storey, 1990) and it is additionally conceivable 

that injury is connected to oxidative damage, especially during re-oxygenation upon recuperation 

from anoxia (Hermes-Lima et al., 2015; Moreira et al., 2016).  

Moreover, ATP depletion with its downstream effects could also participate in anoxic injury as 

proteins damage, osmotic homeostasis disruption beside formation of excessive reactive oxygen 

species (ROS) during re-oxygenation (Harrison et al.,2018; Bergamini et al.,2004; Hermes-Lima 

et al.,2015; Lighton and Schilman,2007).   

Anoxic treatment exposure for 4-5 hours was able to cause 50% mortality of the most exposed 

stages of T.urticae and 4th stage of S. littoralis as shown in this paper. Thus, it could be confirmed 

by what occurred in case of anoxic effect on Locusta migratoria (Ravn et al.,2019), while exposure 

periods should be longer than 14 d to cause mortality of the insects of the stored products when 

CO2 concentration is below 40% (Sadeghi et al., 2011). Anoxia was able to kill locusts after 

exposure to for 4h at 30°C 4h of anoxia by 5-fold elevation of hemolymph [K+] and 2-fold 

reduction of Na+. Additionally, marked cellular damage and muscle damage were associated with 

halved content of hemolymph water, reduction of both muscle ATP of normoxic values to ≤3%, 

and hemolymph pH to 0.8 units (Ravn et al.,2019).  

On the other hand, insects of the stored products as maize weevils (Sitophilus zeamais Linnaeus), 

in hermetic conditions under the steady decrease of O₂ to 0% in 6–9 days, produced the number of 

offspring lower than weevils in non-hermetic conditions (Moreno-Martinez et al., 2000). 
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Also, anoxic LT50s showed that eggs tolerated such conditions better than adult females of 

T.urticae  (Suzuki et al., 2015) and that was in the same trend with the present study which 

arranged tolerance of anoxia upon LT50s as the following: Eggs > Adult males > Adult Females. 

Additionally, findings through this paper have confirmed the notion that anoxia with high-CO2 

stress motivates the creation of NADPH and accordingly, glutathione, which are engaged with the 

defense against the toxic impacts of reactive oxygen species (Boardman et al., 2011).  

It could be understood clearly when it is known that NADPH involves in the synthesis of 

nucleotide, cholesterol and fatty acids (Feron, 2009). Moreover, it was detected that trehalose 

which is the essential carbohydrate in insects and plays a significant role in the development of the 

insect and all physiological requirements by being an essential vitality source just as by moderating 

abiotic stressors (Shukla et al., 2015), but it also would be a new entrance for a new pesticide with 

an innovated mode of action. Anoxia caused mortality by blocking the trehalose balance (Tang et 

al., 2018) through the inhibition of Trehalose-6-phosphate synthase (TPS) and Trehalose-6-

phophate phosphatase (TPP) in affected pests (Kern et al., 2012).  

 

Likewise, exposed non-diapausing females of Tetranychus sp. were able to control their peritremes 

by modulation the position of the stylophore, which means their ability to reduce the pressure of 

required O2 under the reduction of lethal effect in the tracheal system (McEnroe,1961). 

 

CONCLUSION 

 

Purposefully, anoxia could be a successful new treatment to can control specific pests by many 

mechanisms to cause mortality as a result of their exposure in IPM programs. Thereafter, anoxic 

stress is affected certain stages of exposed pests’ development. Resulted alterations were linked 

directly with exaggerated reactive oxygen species because of increased exposure to anoxia.  
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