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Thirty-six insecticidal combinations with various ratio of bifenthrin and malathion were prepared
and the dependence of biological effectiveness of combinations on the ratio of bifenthrin to malathion
amount was investigated. Contribution of other components (mineral materials, essential oil,
emulsifier-dispersant, hydroxyethyl cellulose, etc.) to the total biological effectiveness of the
combined insecticides was estimated. It has been found that synergy of components and biological
effectiveness of combinations against the target pest noticeably differs in Abasha-Senaki and in
Kobuleti-Khelvachauri populations. This fact can be explained by a noticeable resistance to
bifenthrin developed by the populations of Senaki and Abasha municipalities of Georgia. The acute
toxicity of combinations to mammals (white rats) has been investigated, which has been found to be
several (3-5) times lower than that of the widely used combined insecticides currently available. This
circumstance can be explained by the significantly reduced total content of synthetic insecticidal
components in synergystic combinations. © 202/ Bull. Georg. Natl. Acad. Sci.
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The present study aims to determine the biological ~ Ivane Beritashvili Center of Experimental

efficacy of the developed insecticidal combinations
against BMSB populations and their acute toxicity
to white rats using new methods developed and

tested at the Georgian Technical University and

Biomedicine according to all modern principles of
laboratory animal testing .

The object of the laboratory study were 1800
adult BMSBs of both sexes (group A) obtained

© 2021 Bull. Georg. Natl. Acad. Sci.
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Table. The main synthetic components of the studied insecticidal combinations

Active Name of Place of registration Bifenthrin content, Lethality index [7],
ingredient formulation ml/l %
Bifenthrin “Insakar” Georgia 100 91.5
Malathion “Malafos” Georgia 500 92.5

from farmers of Abasha and Senaki municipalities;
1800 adult BMSBs of both sexes obtained from
farmers of Kobuleti and  Khelvachauri
municipalities of the Autonomous Republic of
Adjara (Group B); 600 adult BMSBS of both sexes
from Abasha and Senaki (control group C) and 600
adult BSMBs of both sexes from Kobuleti and
Khelvachauri (control group D).

Components for Insecticidal
Combinations

The components of the insecticides used for the
study were selected according to simple criteria
such as registration in Georgia, easy access to
farmers, low content of active ingredients and low
recommended rate of use, high mortality rate
(lethality index) against BMSB.

Finally, the choice was made and rosemary oil
[1], bifenthrin-containing preparation Zonder [2],
malathion-containing preparation Malafos [3],
biodegradable emulsifier-dispersant Lansperse-
BIO868 [4], hydroxyethyl (CEC) [5] and freshwater
diatomite [6], a natural powder material containing
silicon dioxide of biological origin (which, if
properly processed and treated, is much less harmful
to bees and other pollinators than all synthetic and
the most of natural insecticidal formulations) were
chosen. Two main synthetic components of the

studied insecticidal combinations are listed in Table.

Methodology

In order to increase the accuracy and reliability of
both biological efficacy determination and toxicity
testing, it became necessary to carry out relative
measurements. Biological efficacy was measured
in relation to the efficacy of water solution

Bull. Georg. Natl. Acad. Sci., vol. 15, no. 3, 2021

containing only Malafos, while the toxicity of
combinations was determined in comparison with a
widely used combined insecticidal formulation
ProStore 420 EC [8].

The following sequence of works was selected:
Dispersion  of  synthetic  pyrethroid and
organophosphorus insecticides (in variable ratios)
in prefabricated stable dispersions containing
diatomaceous earth, rosemary oil, emulsifier-
diperger and HEC; Determining the total
biological effectiveness of tested combinations;
Evaluation of the total biological effectiveness of
the synthetic components of tested preparations and
assessment of the synergy of the components (by
comparing to aqueous solution of "Malafos with the
same concentrations); Determining of acute
toxicity of tested combinations to mammals.

Based on the obtained results, it will also be
possible to assess the possible resistance acquired
by pests and to evaluate the joint share of
diatomaceous earth, rosemary oil, emulsifier-
dispersant and HEC to the total biological
effectiveness of the combined preparation.

36 combinations with the conditional name
“Dibifmal” (combinations D1 - D36) have been
prepared from the selected components, in which the
volume content of active synthetic components
changed by a fixed step as follows: “Insacar” — For a
better interpretation of the results of the experimental
research, the total expected biological efficiencies of
all combinations (as a sum of the biological
effectiveness of each component) were calculated
based on the literature data (Fig. 1). Clearly, any
deviation from the expected value indicates synergy
(super- effectiveness or antagonism) of the
components of the tested combinations.
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Fig. 1. Concentration of bifenthrin (1) and malathion (2) and the expected biological effectiveness (3) of the tested

insecticidal combinations, %.

Experimental Research

Determination of the relative biological efficacy
of developed insecticidal combinations. The
relative biological effectiveness of the above
insecticidal combinations was determined by the
laboratory experiment method described in papers
[9-12]. Each observation on test insects lasted for
14 days, under the same dose of all combinations
(50 ml per container) and at concentrations
approximately 5-fold lower than the recommended
dose for malathion field use against BMSB [7]. The
data obtained during this study are given in Fig. 2.
Biological effectiveness (BE) of combinations was
determined using the "modified" Abbott formula
[9, 13].

Experimental value of biological
effectiveness, BE (%)
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Fig. 2. Relative biological effectiveness BE (%) of
insecticidal combinations (BE, %) against BMSBs in
groups A (1) and B (2).
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Fig. 3. The Combined Toxicity Index CTI (%) of the
standard saline solution (1), combination D-18 (2) and
formulation ProStore 420 EC against BMSB.

For the acute toxicity testing of the studied
combinations a novel methodology [10-12]
developed at the Georgian Technical University
and Ivane Beritashvili Center for Experimental
Biomedicine and based on the continuous
observations of behavioral and physiological
characteristics of the test animals passing a
standard branched maze was used. During the first
3 days of observation, 50 white rats divided into 10
groups were injected intramuscularly with the same
dose (30 (10 + 10) + 10) mg/ kg) and concentration
of D-18 combination, of the control drug (ProStore
420 EC) or of the standard saline solution, followed
by a standard maze test for 10 days under control of
all parameters given in [10-12]. Averaged results of

the study are given in Fig. 3.
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Results and Discussion

The

experimentally determine and evaluate the most

reported study made it possible to

important characteristics of the developed
insecticidal combinations, such as the dependence
of relative biological effectiveness against BMSB
populations against the volume ratio of active
synthetic components (see Fig. 2) and the total
contribution of diatomite, rosemary oil, emulsifier-
dispersant, hydroxyethylcellulose and water to the
total biological effectiveness of the combinations.
A valuable result is the fixation of synergy areas
and of the noticeable difference in the impact on

BMSB populations from Abasha-Senaki and

Bull. Georg. Natl. Acad. Sci., vol. 15, no. 3, 2021

Kobuleti-Khelvachauri  populations  possibly
caused by a higher resistivity of higher resistance
of Abasha-Senaki population. The methodology
used will also allow us in the nearest future to
determine with high accuracy the contribution of
each component of insecticidal combinations to the
total biological effectiveness and the degree of their
synergy (co-toxicity) against BMSB. It was also
found that the acute toxicity of the studied
combination is (3-5)-times lower than that of the
drug PROSTORE 420 EC. This

circumstance can be easily explained by the

control

significantly reduced total content of synthetic

insecticidal components in the tested combinations.



Development and Testing of New Combined Insecticides against the... 89

3@sdosbols s 3bmggarms Bobomenmzos

3H0Mm0 Bo®mMULsbsl (Halyomorpha Halys) {obsswogy
B0 3mId0boMGdmo 0blgdEHoEowgdol d9dvmdsggds s
AILGH0MIOS EdMMIGMOOVYE 30MHMDJOTO

5. 30654539, b. 80335005, b. wmdody’, 3. 53d™3sdY’,
5. 3030690830e0", b. d956009°, 8. Y3608, . IgE0s60dg°,
. 3M3dgH0dg, 9. bgdogM0dgs, b. LobsG¥amody®

*bogs®ozgereml 9916032960 296039GLodIA0, bsobiober 30bo0b 035609690,

080¢molo, bsgstozgerm

* 5309800 9360, 03569 8gr0B5T30¢0b 99b396H089bB 0 Bomdgorobol 396G, 0330l H3060l
bobberol 8odmgpg30b @5 099s802emobdol gobymanoemgds, 0docrobo, bsgs®oggerm

$ 03569 89(0H5F30¢0l 97b39(089bB o Bomdgorobol 39bBEo, 0330l (H3060L bobberol dodmgzgzolb
s 89380 bIol 3obymrnoengds, 0dogrobo, bodstogganm

©53D50©S 30BIBGHMObOL s doemsmombol dgd33gero 30g35MGHIoL, 3B3sbsMo figmol ©os-
GmAo@ol, OMBIsGobol gogdbgmol, domEgyMEoMgdsEo  JaMEsEHMM-Eol3gMYBEL ©s
3ommgduiogmowagmemmbol 36 3mddobsgos doggb@Mmobol @s dsemsc¥ombol (33¢rso msbs-
BOEMOO0m. 3bLEBEIOMMEOs oo domEmoMMmo 9BIJEHWOMIOL ©sAMIOEIOEIgds d06MY-
0OHMOEMO © MOHYBmGmbEmOmmo 3md3mbgb@gdol msbsgsmEmdsby. T9xrsligdmemos ©s-
6seBgbo  3MmA3mbybEgdol (dobgMmsemmmo Bslisengdo, gmgPbgmo, JIMYSEMM-EoL3IMYsDEO,
3ommgdlogmowagmmmbs ©s bbgs) famomo 3mddobomgdmmo 3GHg35Go@gdol xsdm® dom-
©@mom® 9839dG06mdsd0. sEygbomos, MM  3MmddoboMYdMmo 36Hg3sMadol 3MA3mbybEgdol
50mEmoMmo gBgJBH0sbmds s0s580ls s Lghsgol dmMbogodscrodg®ddo 3s3MEIErgdIEro 3m-

3memsgool d00sMoy Bgladhbygzs  goblibgsggds Jmdrmemgmols s bgugsBammols dmbogods-
@03 9HIO%0 g9g3M39mgdMmo 3m3MEnsgogdol 30356y 35000 doMEMPOMGO JBJJGH0BMdOLYB.

b g5gB0o 890demgds soblbsl Lgbsgols s 530l dmborodswodg@gddo 3s3MEIErgdMEo dmdw)-
@530900L dogh doBgbGMObol 03500y 3sdmdmBsggdwmmo dglsdRbgzo HoolBgbGMdoom. gsdm3-
3gmeos  3Mmddobomgdmmo 3Mg3sems@gdol 9f3539 GmJbozmmmds dmdmafimgstms sbmggagdols
(090 gommsggs) dodstm, Gmdgmog s0imbBbos Ms8wgbxgMdg (3-5-x9M) mamm bsgwgdo,
300007 LBsEmolmE FsMmmo sdmyggbgdmmo 3mIdoboMgdmmo 0blgddogom®o 3Mg35Mmd]-
d0b. gl 25MmgBmgds Bgodergds dsMEH0zs s3bbsm 3MIBOBIE0YHdTo LobmgbmMo oblgddosowm®o
3M33mbgbEgdol 360836germazbac 8g0oMgdmero xs3mmo 898(330emmd00D.

Bull. Georg. Natl. Acad. Sci., vol. 15, no. 3, 2021



90 Archil Chirakadze, Nodar Mitagvaria, Nino Lomidze..

REFERENCES

1. Norris E. J., Gross A. D., Bartholomay L. C., Coats J. R. (2019) Plant essential oils synergize various pyrethroid
insecticides and antagonize malathion in Aedes aegypti. Med Vet Entomol. 33(4): 453-466. doi:
10.1111/mve.12380.

2. Pesticide Properties Database (PPDB) : Bifenthrin (Ref: FMC 54800), available at
http://sitem.herts.ac.uk/aeru/ppdb/en/Reports/78.htm (last access on 13/2/2021).

3. Pesticide Properties Database (PPDB): Malathion (Ref: OMS 1), available at
http://sitem.herts.ac.uk/aeru/ppdb/en/Reports/421.htm (last access on 13/2/2021).

4. Lankem: Lansperse BIO868, BioLoop Dispersing Agent for Aqueous System, available at https:/
www.lankem.com/lansperse-bio868 (last access on 14/2/2021).

5. Chemical book: HEC (Hydroexyethyl Cellulose), available at https://www.chemicalbook. com/Chemical
ProductProperty EN CB0459837.htm (last access on 14/2/2021).

6. Korunic Z., Rozman V. (2010) A synergistic mixture of diatomaceous earth and deltamethrin to control stored
grain insects. Julius-Kiihn-Archiv, 425. 10th International Working Conference on Stored Product Protection.
Ottawa.

7. Leskey T. C, Lee D.-H., Short B. D., Wright S. E. (2012) Impact of insecticides on the invasive halyomorpha
halys (Hemiptera: Pentatomidae): analysis of insecticide lethality. Journal of Economic Entomology, 105, 5:
1726-1735.

8. FMC: PROSTORE 420 EC. MSDS, 6241-NPF, available at https://admin.fmc.com.ua/
media/fme/productpdf/442bd51d-8041-4a0b-95a6-34f55b3773ebEE PROSTORE 420 EC. 2.pdf (last access
on 11.02.2021).

9. Chirakadze A., Meskhi G., Buachidze Z., Gigineishvili A. (2020) Development of a new method of testing of
the biological effectiveness and activity period of broad-spectrum synergetic insecticidal combinations.
Deposited to The National Intellectual Property Center (“Sakpatenti”), Certificate 0193, 23/10/2020 (in
Georgian).

10. Mitagvaria N., Chirakadze A., Devdariani M. et al. (2020) Whole Body Hyperthermia induced phenomenon of
hormesis (experimental study). Bull. Georg. Natl. Acad. Sci., 14, 4: 67-73.

11. Chirakadze A., Mitagvaria N., Devdariani M. et al. (2021) Development and testing of nanoparticles for
treatment of cancer cells by Curie temperature controlled magnetic hyperthermia. Bull. Georg. Natl. Acad. Sci.,
15,1:91-97.

12. Chirakadze A. (2021) Microwave synthesis, characterization and testing of acute toxicity of boron nitride
nanoparticles by monitoring of behavioral and physiological parameters. Bull. Georg. Natl. Acad. Sci., 15, 2:
120-125.

13. Chirakadze A., Mitagvaria N., Jishiashvili D. et al. (2020) A new alternative for reducing and refining of the
animal use in research and testing utilizing continuous observation of behavioral, blood pressure, oxygen
saturation and body temperature indexes in white rats. Deposited to The National Intellectual Property Center
(’Sakpatenti"), Certificate 0188, 23/10/2020.

Received June, 2021

Bull. Georg. Natl. Acad. Sci., vol. 15, no. 3, 2021


http://sitem.herts.ac.uk/aeru/ppdb/en/Reports/78.htm
http://sitem.herts.ac.uk/aeru/ppdb/en/Reports/421.htm
https://
http://www.lankem.com/lansperse-bio868
https://www.chemicalbook.
https://admin.fmc.com.ua/

