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Executive Summary 

The purpose of the research project was to provide safe, stabilized and 

environmentally-acceptable pest control agents. Bacillus thuringiensis (B. t.) is 

certainly unique by being highly selective and safe from any toxicological and 

ecological point of view. However, its performance under field conditions has been 

compromised by instability to sunlight irradiation, and as a consequence, by 

performance inconsistency. The main goal of this research project is to produce 

photostabilized B.t. formulations. Basically, this end will be accomplished by using 

selected novel photostabilizing organic chromophores, which will be included as the 

principal components in the formulations. 

This final report covers collaborative research activities carried out by the research 

teams in Israel and the Republic of Georgia. It contains also details on collaboration, 

mutual visits of the collaborating Israeli the Georgian PIs, training periods for the 

Georgian scientists, and participation in International Conferences. Intimately, the 

above was essential for coordinating and harmonizing the research project, the careful 

planning of experiments, and eventually contributed and facilitated the overall success 

of the entire joint research project. Moreover, the visits and training periods were of 

utmost benefit for the Georgian Institute as related to transfer of technical skills, access 

to modern methodologies and awareness of scientific approaches in the research area. 

In the future, this combined with the purchased equipment should help in conducting 

similar or related research projects. Attending an International Conference exposed the 

Georgian team to the international scientific community. 

Most of the planned experiments outlined in the research proposal were carried out 

and the information gathered is included and analyzed in this final report. Steps in 

conducting the studies included the following: a) preparation of B.t. complexes using 

clays and protecting dyes; b) establishing rearing and application methodologies; c) 

exposure regimens of solar and simulated irradiation; d) application ofB.t. complexes 

and formulations and carrying out relevant bioassays with the experimental insect 

pests. The overall photostabilizing effects bestowed by the experimental chromophores 

(acriflavin, palmatine, bereberine and Calcofluor White) and by a Chinese bark powder 

were highly significant. Inclusion of clay in the formulations increased the overall 

photostabilization of B.t. follmving prolonged exposure to UV irradiation. Obtaining 

stabilized formulations of B. t. for effective pest control as the major objective of the 
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project has been properly addressed and clearly achieved. Such formulations are 

immensely important in the context of environmentally-based pest control strategies 

aimed at reducing and replacing chemical control agents. 

Research Objectives 

Resistance of pests to conventional pesticides as well as environmental and 

toxicological problems associated with massive use and often abuse of such chemicals 

are of widespread concern in many countries, particularly in countries like Georgia, 

where the agricultural sector is very large. Microbial insecticides like B.t. offer a 

desired IPM-compatible alternative to broad spectrum, environmentally-unfriendly pest 

control agents. However, B.t. formulations lack stability under field conditions largely 

due to solar irradiation, and as a result, lose their potency for controlling agricultural 

pests. The overall research goal is to develop photoprotected B. t. formulations that 

will perform longer and in a more consistent manner under stressful field conditions. 

The report includes the following topics and information: 

(a) B.t.-chromophore complexes and formulations. 

(b) Baseline data on sensitivity of lepidopteran pests in Georgia to B.t. Kurstaki HDI. 

(c) Establishing rearing, spraying and bioassay procedures for a variety of lepidopteran 

pests. 

(d) Assessment of the photostabilzing capacity of various chromophores and additives 

following exposure to irradiation (simulated and solar). 

( e) Details on the mutual visits of the collaborating scientists 

(f) Equipment purchased in Israel for Georgia. 

Nlethods and Results 

The Israeli PI (prof Ephraim Cohen) provided the collaborating team in Georgia 

with the following B.t. complexes and formulations: 

(I) B.t. sample (267,000 units/gr) serving as control 

(2) B.t.-acriflavin complex (264,000 units/gr) 

(3) B.t.-berberine complex (255,000 units/gr) 

(4) B.1.- Chinese bark mixture (214,000 units/gr) 
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Table 1 summarizes the effect of vario~s B.t. concentrations on larval mortality of 

four lepidopteran species. The species were almost equal in sensitivity to the microbial 

toxin, as levels of 1 and 2 gr B.t.llit (or 270 or 540 units/ml) already resulted in 

86-98% mortality. Significant mortality occurred after 3 days, and by the 7th day more 

than 90% oflarvae died. Mortality in the relevant control did not exceed the 5% value. 

Exposure of B.t. to solar irradiation decreased its insecticidal capacity. Figure 1 

summarizes results from experiments in which leaves treated with B. t. were exposed 

for various periods of time to solar irradiation, fed to larvae of 4 different insect pests, 

and mortality recorded 10 days later. Based on the mortality curves, it appears that 

compared to the other insect species, the Gypsi moth Ocneria dispar is less sensitive 

to B.t. Mortality is higher for the ermine moth and the European cabbage butterfly fed 

B. t. treated leaves which were exposed to sunlight. The difference between the species 

was evident throughout the whole range of the irradiation exposures. 

Photo stabilization bestowed by the various photoprotectants is apparent and 

summarized in Figures 2-7 . Acriflavin, berberine and the Chinese bark powder were 

effective in the photo stabilization ofB.t. as there adsorption on B.t. or inclusion in the 

B.t. formulations proved to protect the microbial toxin from inactivation as a result of 

exposure to solar irradiation. The acriflavin chromophore gave significant protection 

after 72 hrs of irradiation as over 80% oflarvae of P. brassicae, Y. maline/Ius and O. 

dispar died as compared to about 60% in the corresponding controls. After prolonged 

exposure of 144 hrs the protection by this chromophore was notable, as mortality in 

the control was less than 40% as compared to over 60% kill of larvae treated with the 

photostabilized B. t. -acriflavin complex. The cationic chromophore berberine was 

slightly less effective than acriflavin after the similar exposure to solar irradiation (i.e. 

72 and 144 hrs). Except for the gypsi moth, the Chinese bark powder was as effective 

as acriflavin towards the two other insect larvae following prolonged exposure time. 

Data involving the fourth insect pest (Figures 5 and 7), H. czmea, display again the 

stabilizing effect of acriflavin. After prolonged exposures of 72 and 144 hrs mortality 

rate of the pest larvae was approximately 90% and 45%, respectively. 

Berberine per se, berberine mixed with B.t. and berberine adsorbed to B.t. were 

bioassayed for their toxicity or photostabilizing capacity using 2nd instar larvae of 

Spodoptera littoralis and Helicovelpa armigera. Irradiation experiments were carried 
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out using a UV chamber for simulating solar irradiation. Inside this _ chamber a UV 

lamp (254 run) and a lamp (120 em) emitting light energy at 290-400 run were placed. 

Part of the UV lamp was covered with aluminum foil exposing only 32 cm of its 

original length. Samples were placed at a 10 em distance from the irradiation source. 

Berberine mixed with B. t. or berberine adsorbed on B. t. were applied on glass slide 

and irradiated for various time periods. Slides covered with aluminum foil to mask 

irradiation, served as controls. B.t. mixed or complexed with the chromophore 

berberine was suspended in distilled water as a level of 0.5gr per ml. 20 l .. tI of this 

suspension were applied on an agar-based artificial diet (0.5 gr). The treated diet was 

transferred to 1.5 ml conical Eppendorf tubes and the relevant noctuid larvae were 

introduced. Larval mortality was recorded 7 days later and the toxic or 

photostabilizing effects were evaluated. 

Results summarized in Figure 8 show that lOllg of berberine is quite toxic to both 

S. littoralis and H. armigera larvae causing about 30% mortality. Obviously, the 

toxicity to larvae decreased in correspondence with lower levels of the chromophore. 

Irradiation reduced the insecticidal activity of B.t. (Figure 9) as 43 and 52 hrs of 

exposure yielded about 40% and 25% mortality of S. littoralis larvae, respectively. 

Berberine mixed with B. t. however, photostabilized the insecticidal component as after 

similar irradiation exposure time, the mortality was about 80% and 75%, 

correspondingly (40%-50% photoprotection). The results presented in Figure lOA 

demonstrates that berberine adsorbed on B .t. was effective in protecting the bacterial 

toxin from photoinactivation. Following 72 hrs of irradiation, B. t. alone lost 80% of its 

insecticidal potency against S. littoralis, versus a mere loss of 40% of the 

B.t.-berberine complex. A similar photoprotection potency is also evident when H. 

armigera was bioassayed (Figure lOB). Zero mortality was evident when larvae fed 

untreated diet, while 100% of insects died feeding on diet containing irradiated 

aluminum-covered B.t. 
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TABLE 1. The insecticidal activity of B.t. on four lepidopteran pests 

A Th · e gypSl mo th L . d· - .J1mantna lspar 
B. t. concentration Mortality of larvae, days Mortality of larvae Corrected* 

grll 3 5 7 10 % mortality, % 
o (control) 0 0 0 0 0 -
1 17 29 36 6 88 88 
2 19 32 37 3 91 91 
3 20 34 39 2 95 95 
4 27 39 30 4 100 100 
5 35 48 17 0 100 100 

B Th · e ermme mot h Y, f II - rponomeuta ma me us 
0 0 0 3 2 5 -
1 19 33 32 7 91 90.5 
2 23 34 35 3 95 94.7 
..., 

28 36 30 5 99 98.9 .) 

4 37 41 22 0 100 100 
5 43 52 5 0 100 100 

C Th E · e uropean ca bb age b utte rfl Pi·b Iy - ens raSSlcae 
0 0 2 0 2 4 -
1 21 26 31 8 86 85.4 
2 35 30 22 9 96 95.8 
3 32 35 25 6 98 97.9 
4 38 34 26 2 100 100 
5 44 36 20 0 100 100 

DThf:1l b Hh · e a we worm- rYPJ antna cunea 
0 0 0 0 1 1 -
1 22 41 23 5 91 90.9 
2 31 50 15 2 98 97. 9 
..., 

52 48 0 0 100 100 .) 

4 82 16 0 0 100 100 
5 100 0 0 0 100 100 

*Mortality of larvae was corrected using to the Abbot's formula. 
The bioassays were conducted using 2nd or 3rd instar larvae, and a B.t. batch 
containing 267,000 units per gr. Apple leaves previously sprayed with different B.t. 
suspensions (1-5 grll) were fed to larvae. Leaves sprayed with distilled water served 
for control bioassays. 
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Figure L Effect of solar irradiation ofB. t. on its insecticidal activity. Leaves treated 
with a B.t. formulation was exposed to solar irradiation for the time 
specified. Mortality oflarvae feeding on treated leaves were monitored 10 
days later. A 0. dispar; • Y. malineZIus; • P. brassicae. 
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Figure 3 The effect ofRt. and B.t. complexes exposed to solar irradiation on 
mortality of Y. malinellus. Leaves treated with B.t. were exposed to solar 
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mortality of P. brassicae. Leaves treated with B.t. were exposed to solar 
irradiation for the time specified. A. control; B. B.t.-berberine. C. B.t.
acriflavin: D. B.t.-Chinese bark powder. 
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Figure 9. The photostabilizing effect of berberine mixed with B.t. B.t. or B.t. mixed 
with berberine were placed on slides and exposed to simulated UV 
irradiation for the time specified. 10).!g of B.!. suspended in distilled water 
was applied on 0.5 gr of artificial diet. The amount of mixed berberine was 
1.9).!g. Second instar Spodoplera littorafis larvae were bioassayed and 
mortality was recorded after 7 days. B. t. covered with aluminum foil and 
irradiated for the maximum UV exposure time caused 100% mortality. 
Can. - control larvae feeding on B.t.-free diet; B.t.-berb. - a mixture ofB.t. 
and berberine. 
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fittorafis and B. Heficoverpa armlgera second instar larvae were 
bioassayed, and mortality was recorded after 7 days. B. t covered with 
aluminum foil and irradiated for the maximum UV exposure time caused 
100% mortality. Con. - control larvae feeding on B t-free diet; B.t.-berb. -
a complex of berberine adsorbed on B.t. 
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Figure 1. Chemical structures of chromophores mentioned in the report. 

Experiments with photo stabilized formulations of the entomopathogenic fungus 

Beauveria bassiana focused on effects related to spore viability. 

medium was used for stock cultures and cultures prepared for harvesting conidia. The 

fungus was maintained for 14 days in the dark at 2S°C. A selective medium composed 

of maltose, Bacto peptone, Bacto yeast extract, Bacto agar and the antimicrobial 

agents (Crystal Violet, chloramphenicol, benlate and dodine) was used following 
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various treatments. The conidia were harvested using soybean oil and filtered through 

8 layers of gauze. The concentration of conidia per ml was determined using a 

hemocytometer. The oil was diluted to give about 103 conidia per 10 1. The 

oil-containing conidia were pipetted on cover glass, which following irradiation, were 

placed into lOml of 0.05% Tween-20. After sonication and vortexing, 0.2 aliquots 

were applied on Petri dishes with the selective medium. Cover glasses wrapped with 

aluminum foil served as controls. The plates were kept for 7 days at 25°C, after which 

the B. bassiana colonies were counted. 

Various combinations of clays (attapulgite, bentonite, kaolin) and chromophores 

(acriflavin, berberine, palmatine and Ca1cofluor White) were examined as to their 

capacity to photoprotect B. bassiana spores. 

Irradiation experiments were carried out using a UV chamber for simulating solar 

irradiation. Inside this chamber a UV lamp (254 nm) and a lamp (120 cm) emitting 

light energy at 290-400 nm were placed. Part of the UV lamp was covered with 

aluminum foil exposing only 32 cm of its original length. Samples were placed at a 10 

cm distance from the irradiation source. 

Larval mortality was recorded during 10-15 days following treatment, corrected 

B.t. insecticidal activity was evaluated using 

probit-Iog dose analysis. To assess the effects of various chromophore-containing B.t. 

formulations, exposure to various irradiation regimens were followed by bioassays. In 

Georgia the leaves sprayed with the B.t. suspensions were exposed up to 168 hrs to 

sunlight; in Israel the B.t. formulations were irradiated inside a specifically-designed 

UV chamber in order to simulate solar irradiation conditions in the field. 

Palmatine per se, palmatine mixed with B.t. and palmatine adsorbed to B.t. were 

bioassayed for their toxicity or photostabilizing capacity using 2nd instar larvae of 

Spodoptera littoralis and Helicoverpa annigera. 
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Figure 11. The effect of palmatine mixed in the diet on mortality of lepidopteran 
larvae. The specified amount of palmatine in 20 g of distilled water was 
applied on 0.5 gr of artificial diet. Mortality of S. littoralis and H. armigera 
larvae was recorded 7 days later. 

To find whether palmatine per se has an effect on larvae of S. littoralis and H. 

armigera, it was mixed in the diet at the depicted concentrations. A dose response 

pattern is evident ranging from less than 3% mortality at 0.01 ppm up to 20% up to 

20% mortality of S. littoralis larvae when the alkaloid level reached 0.25 ppm (Figure 

11). Evidently, palmatine is toxic to the lepidopteran larvae, yet at the concentration 

adsorbed to B.t. its toxicity is negligible. 
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Figure 12. The photostabilizing effect of palmatine mixed and adsorbed to B. t. 
B.t., B.t. mixed with palmatine and B.t. adsorbed to palmatine were placed 
on microscope slides and exposed to simulated sunlight irradiation for the 
time specified up to 52 hrs. 10 g of B.t. suspended in 20 1 distilled water 
was applied to 0.5 gr of artificial diet. The amount of mixed palmatine was 
1.9 g per 1 gr; The level of adsorbed chromophore was 1.9 g per 10 g B.t. 
H. armigera second instar larvae were used for bioassay, and mortality was 
recorded after 7 days. B.t. covered with aluminum foil and irradiated for the 
maximum time exposure caused 100% mortality. B.t.-MIX. - palmatine 
mixed with B.t. in the diet; B.t.-COM. - palmatine adsorbed to B.t. and 
incorporated in the diet. 

Depending on the length of irradiation B.t. lost its insecticidal activity to 

Helicoverpa larvae (Figure 12) . Significant reduction of activity occurred following 

48 hrs of irradiation, and prolonged exposure (52 hrs) resulted in about 60% reduction 

in larval mortality. Mixing palmatine with the B.t.- containing insect diet did not 

protect the insecticidal toxin from inactivation. However, adsorption of the 

chromophore to the B.t. yielded a complex that photo stabilized the toxic principle of 

B.t. Following 48 and 52 hrs iITadiation of the complex, still 70% of larval mortality 

as compared to less than 40% mortality in the B.t. chromophore mixture, was evident. 

The stabilizing potential of palmatine is comparable to that of berberine and may be 

due to a close similarity in chemical structure. 
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Figure 13. The photostabilizing effect of Calcofluor White mixed and adsorbed to B.t. 
B.t., B.t. mixed with Calcofluor White and B.t. adsorbed to Ca1cofluor 

White were placed on microscope slides and exposed to simulated sunlight 
irradiation for the time specified up to 52 hrs. 109 of B. t. suspended in 20 
I distilled water were applied to 0.5 gr of artificial diet. Figure 13 (A) S. 

littoralis and Fi!!ure 13 eE) H. armigera 2nd instar larvae were used for 
bioassay, and mortality was recorded after 7 days. B.t. covered with 
aluminum foil and irradiated for the maximum time exposure caused 100% 
mortality. B.t.-MIX. - Ca1cofluor White mixed with B.t. in the diet; B.t.
COM. - Ca1cofluor White adsorbed to B.t. and incorporated in the diet. 
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Ca1cofluor White (Tinopal LPW) is a fluorescent brightener used to Improve 

performace of entomopathogenic viruses. Part of its action has been attributed to 

photoprotection of photolabile components. In our experiments the brightener proved 

its potency as a powerful B.t. photostabilizer (Figure 13, A and B). Like as with 

palmatine, simple mixing of Tinopal LPW with B.t. did not protect against 

photoinactivation as loss of activity was similar to the B.t. per se following 

irradiation. Nevertheless, as a complex the brightener photoprotect B.t. from loss of 

insecticidal activity even after prolonged (52 H. hrs) exposure to irradiation. This 

effect was similar when bioassayed with either H. armigera or S. littoralis larvae. 

Close to 80%! mortality was observed following the maximum irradiation regimen. 
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Figure 14. The photostabilizing effect of berberine on the codling moth Cydia 
pomonella Granulosis Virus (CpGV). 

In Figures 14-16 the effects of chromophores and combinations of chromophores 

and clay are summarized. The S. littoralis NPV is highly sensitive to irradiation as 

more than 60% and 90% of infectivity was lost following irradiation of 4 and 6 hrs, 

respectively. Irradiation for 12 hrs completely destroyed the viral activity. It is 

noteworthy that addition of clay to the viral preparation is considerably effective as 

the complex lost only 40% of its original activity after 12 hrs of irradiation, while 
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after a prolonged exposure still 20% of the infectivity could be detected. Complexes 

of the virus with AF and berberine were equal with respect of bestowing 
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Figure 15. Photostabilization of Spodoptera littoralis NPV using combinations of clay 
and berberine. SNPV - S. littoralis nuclear polyhedrosis virus; berb. -
berberine, 

photoprotection. Both chromophores were capable of appreciable photoprotection 

reflected by 40% and 20% infectivity following irradiation periods of 12 and 24 hrs, 

respectively. Complexes consisting of three components (virus-clay-chromophore) 

were superior in photostabilizing the photosensitive virus. Using AF as a 

chromophore 70% of the original viral infectivity was still maintained after 12 hrs of 

irradiation. Even following a longer irradiation period (36 hrs) 60% of infectivity was 

retained. Similar results were obtained when the chromophore berberine is part of the 

complex. 
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Figure 16. PhotostabiIization of Spodoptera littoralis NPV using combinations of clay 
and acriflavin. SNPV - S. littoralis nuclear 
acriflavin 

In Figures 17-20 photostabilization of the entomopathogenic fungus Beauveria 

basslana is illustrated. Irradiation of spores resulted in most cases in a drastic 

reduction of spore viability. More than 80% inhibition of germination was observed 

after 8-10 hrs of irradiation. Inclusion of various clays yielded different levels of 

photoprotection. Bentonite and kaolin are highly effective in keeping the viability of 

the fungus spores. Following 8-10 hrs of irradiation 60-80% of spore viability was 

retained. After 10 hrs of treatment 60% and 70% of the spores germinated when 

kaolin (Figure 17) and bentonite (Figure 19) were correspondingly included. 

Attapulgite was less effective as less than 40% of the spores germinated after 8 and 10 

hrs irradiation (Figure 18). A complexe containing in addition to attapulgite also the 

chromophore berberine was extremely effective as almost 100% of spores germinated 

following 10 hrs of irradiation. A similar photoprotection was observed when a 

complex of spores-bentonite-berberine was examined following 10 hrs of irradiation 

(Figure 17). A complex, in which bentonite was replaced by kaolin, was less effective 

in protecting the fungal spores as germination was inhibited by 40% (Figure 19). 
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Figure 17. The photostabilizing effect of bentonite and a bentonite-berberine 
combination on the viability of Beauveria bassiana spores. The viability 
was assessed by the number of germinating spores. Bent. - bentonite; berb.
berberine. 
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Figure 18. The photostabilizing effect of attapulgite and an attapulgite berberine 
combination on viability of Beauveria bassiana spores. Viability was 
assessed by the number of germinating spores. Attap. - attapulgite; berb. -
berberine. 

The potent chromophore acriflavin, which displayed considerable photostabilizing 

effects on microbials and entomopathogens, was effective in protecting spores of B. 

bassiana from photoinactivation (Figure 11). More than 80% of spores germinated 

following 8 hrs of irradiation. It may be concluded that AF and berberine are similar 

in their photostabilization potential. 
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Figure 19. The photostabilizing effect of kaolin and a kaolin-berberine combination of 
the viability of Beauveria bassiana spores. The viability was assessed by 
the number of germinating spores. Kaol. - kaolin; berb.- berberine. 
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Figure 20. The photostabilizing effect of bentonite and a bentonite-acriflavin 
combination on the viability of Beauveria bassiana spores. Viability was 
assessed by the number of germinating spores. Bent.- bentonite; AF -
acriflavin. 

The B.t.-diatomite complex was prepared by mixing equal volumes of 1% B.t. 

suspension ( 227,000 units per gr) with 1 % of diatomite suspension. The mixture 

was sonified and shaken for 24 hours. The suspension was centrifuged for 30 min and 

the precipitate was collected and lyophilized. The results demonstrate that B.t. lost its 

activity by 40% following 36 hours of solar irradiation (in Georgia). However, B.t. 
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complexed with diatomite was stabilized as under the same irradiation conditions only 

20% of its initial activity were lost. It could be that like the photoprotection of 

B.t.-clay compexes shown before a light scattering effect might be involved. 
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Figure 21. The photostabilization effect of diatomite on the flour moth Ephestia 
kuehniella. 1st instar larvae of the flour moth were used for the bioassay. 
The B.t. and B.t.-diatomite complex were exposed to sunlight for the 
indicated time periods and applied to the insect diet. Mortality of larvae 
was recorded 10 days later. 

B.t.-diatomite and B.t.-zeolite complexes after being irradiated inside a 

UV -simulated chamber and were bioassayed using H. armigera larvae. Both 

complexes were very effective as mortality oflarvae fed B.t-diatomite and B.t.-zeolite 

was 78% and 56% after 24 hrs of irradiation. Unprotected B.t. under the above 

conditions lost 83% of its initial activity. 

The project has accomplished most of its proposed goals. In fact, more information 

as initially planned in the research proposal has been gained relative to use of clays, 

chromophores and biocontrol agents. Nevertheless, more trials should have been 

performed to evaluate the efficacy of new photostabilized formulations under field 

conditions. Such field trials are quite expensive, and unfortunately the overall money 
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Figure 22. Photo stabilization ofB.t. by zeolite and diatomite. B.t. B.t.-zeolite and 
B.t.-diatomite complexes were irradiated in a solar UV simulator for the 
time periods specified and applied to the insect diet. Bioassays were carried 
out using 1 st instar Helicoverpa armigera larvae. Mortality of larvae was 
recorded 10 days later. 

allocated for this project did not meet the needs. The above summarized data and 

information are being incorporated into several publication that are in the process of 

preparation. 

Impact Relevance and Technology Transfer 

Georgia is largely an agricultural country and as such is plagued by pests causing 

severe damage to crops. Applying B.t. as an environmentally-benign control agent is 

advantageous in particular due to the possible production of this microbial insecticide 

in Georgia. In fact, the collaborating PI (Prof. Chkhubianishvili) has been looking 

seriously into such a potentiality. Sunlight irradiation has been recognized as the 

major environmental factor affecting efficacy and performance of microbial 

insecticides such as B.t. and a variety of viral and fungal entomopathogens. 

Stabilization of photosensitive biocontrol agents is a major objective world-wide in 

studies aimed at finding toxicologically-safe replacements to synthetic chemicals. 
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The training of scientists from the Kanchaveli Institute at Rehovot (see Project 

Activities section) greatly contributed to expertise in the various technological and 

conceptual aspects of the research project. The above includes the stabilization of 

photosensitive microbial insecticides; use of clays and chromophores in the 

preparation of photoprotected formulations as well as the design of suitable bioassays 

and analysis of data. The knowledge has been transferred to Georgia and implemented 

there as evidenced by the conducted experimental part. The knowledge and skill 

gained provide a solid basis for a sustainable capacity to independently perform same 

or similar research. Although rather elementary, the equipment purchased (see below) 

and left behind, should help in this regard. Of enormous importance are the visits, 

training periods and attending an international scientific conference on plant 

protection. Such activities disrupted the scientific isolation of the Georgian 

collaborators and exposed them to international scientific community, modern 

scientific approaches, new skills and improved technologies. Obviously, such 

exposure will have a profound impact on their labs, colleagues and Institution. 

An up-to-date sophisticated PC (Compaq, Prolinea Pentium 150 MH) and peripheral 

accessories as well as a Laser printer (lIP Laser-jet SL) were purchased in Israel to be 

used by the Georgian team. Software including Word, Excel and graphic programs 

were installed. The newly purchased PC was used for processing data and preparing 

an account on experiments conducted in Georgia which eventually served as a basis 

for the previous annual reports and the present final report. In addition, the Georgian 

scientists carried back a mUlti-purpose temperature-controlled shaking bath for 

growing microorganisms, small laboratory items such as a vortex, set of pipetors, tips, 

racks etc., as well as miscellaneous materials hard-to-purchase in Georgia. 

Proiect Activities/Outputs 

The money transferred to a Swiss bank account has been used by the Georgian 

partner for research according to the project plan, as well as for travel. All together 

The Israeli and Georgian principle investigators traveled twice to the corresponding 

countries. The overall collaboration proceeded according to schedule. An additional 

one year extension beyond the original expiring date of the project (January 1998) 

was requested and approved by Mr. William Crane the scientific attache at the US 

Embassy, Tel-Aviv. The Israeli principle investigators (E. Cohen) visited the 
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Kanchaveli Institute In Tbilisi twice. The- first visit, which took place on March 1996. 

was aimed at coordinating and starting the collaborative research. The Israeli 

investigator brought along B.t., chromophores, B.t complexes and formulations for 

the speedy start of the project. The second visit to Tbilisi on July 1998 focused on 

summarizing the research, discussion the overall achievements of the joint project and 

for obtaining the last experimental data and associated information for the final report. 

The collaborating scientist (c. Chkhubianishvili) paid a reciprocal visit to Rehovot 

Israel on July 1996. Essentially, the previously reported research accomplishments 

reflect the successful outcome of such discussions and coordination. Dr. Mamuka 

Kotetishvili and Dr. Iatamze Malania from the Kanchaveli Institute arrived at Rehovot 

on November the 24th
, (1996) for a three week training in photostabilization 

techniques and bioassay procedures. Also the guests performed experiments with 

anew chromophore and visited the B.t.-producing plant in Kibbutz Dalia. The training 

period was planned in an efficient way so that during a short time the collaborating 

scientists became familiar with the relevant methodologies and approaches. The 

techniques and procedures were transferred to the Kanchaveli Institute and 

successfully implemented in the studies performed there. Dr. Kotetishvili spent an 

additional period of two months (October and November. 1998) at the laboratory in 

Rehovot. He conducted experiments aimed at photostabilizing B.t. by diatomite and 

zeolite. He also presented a poster (see abstract and poster in the appendix) at the 

International Plant Protection Congress (IPPC) in Jerusalem (July 25-30, 1999) 

sumrnarlzmg his results on photoprotection of B.t. using a diatomit-containing 

formulations. Moreover, his poster along with three other posters was selected for 

presentation in the relevant poster discussion session. Dr. Kotetishvili presented orally 

his experimental results before an international audience of scientists. Prof. 

Chkhubianishvili also attended the same international conference and presented a 

poster related to photostabilized Bt formulations. 



PLANT PROTECTION CONGRESS (ICPP) 

Diatomite as a possible UV protectant for 
the photostabilization of Bacillus tlturingiellsis 

KotetishviIi, M., Joseph T. and Cohen, E. 

Georgian 1. Kanchaveli Research Institute 
of Plant Protection, Tbilisi, Georgia. 

Department of Entomology, Faculty of Agricultural, 
Food and Environmental Sciences 

The Hebrew University of Jerusalem, Rehovot, Israel. 

Objectives: The efficiency and field performance of Bacillus thuringiensis (Bt) 
formulations largely depend on their stability under field conditions. Sunlight irradiation is 
regarded as one of the major environmental factors in decreasing the biological activity of 
Bt. The purpose of the study was to find out whether diatomite added to Bt formulations 
may be considered as a possible UV photoprotectant. Methods: A Bt-diatomite CBt-d) 
complex (0.15% in solution) was prepared using Bt Kurstaki HD.l strain. The efficiency 
for photostabilization was assayed using 1 st instar larvae of the European cabbage worm, 
Pieris brassicae L. on cabbage plants in the field. Results: Unprotected Bt samples 
underwent rapid inactivation reflected by insecticidal activity that did not exceed 63.4%. 
In contrast, Bt-d complexes yielded considerable photostabilization, as on the average the 
insecticidal activity reached 88%. Conclusions: It appears that inclusion of diatomite as 
an additive in Bt formulations will provide phtostabilization to the biocontrol agent 
exposed to sunlight irradiation. 
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DIATOMITE AS A POSSmLE UV PROTECTANT FOR THE 
PHOTOSTABILIZATION OF BACILLUS THURlNGIENSIS 
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* Department of Biological Control, L. Kanchaveli Research Institute of Plant Protection of Georgia Tbilisi 
380062, Georgia: lDepartment of Entomology, Faculty of Agricultural, Food and Environmental Sciences. The 

Hebrew University ofJerusalem, Rehovot 76100, Israel 

Introduction 

The oomrnerClaJ microbIal insecncldes. which are most WIdely used tn 

mtegrated pm managemcont ([PM) programs: ate denved from the 
entomogenons bactenum BOClihu thunngrensu (8t). The bighly 
... ,ruJent str.nns of the bloagent. producmg paraspor31 lllcius,ums of 
protem to:ons~ are ch.aJ1iCteJlZfld by a broad spect:rum of msectICldal 

dl.D.\"1tY dgd1I1St ... unous UlSect pests bdongmg to the dlfrerent UlSt!Ct 

\.~rders- Coleoptera, Lepldopte-ra, Dlptera.. The fonnulath11U on the 
h3fl:il .;'Iftlus group OfUlSectlCldes are btod~adable,. non-accumwatlVe 
md mel! long-term apphcaD01l IS eJl'Vll'onmc:nt311y fuendly 

H,:.w.;o. et". It must be uuib:ated that the full scale-o.pouca.uon af Bt m 
;P~{ progra:n3 13 ml1 itmtted L"nder field ';:OruirtIOM the m~mbtal 
:n$ectlode IS unst3ble pnm:mJ.} due to solar IDam3tlon Thus, 
~l:;.mii.C'd.It[ unpcrr.m(,.'e IS drt:i.I.:hed. to dewlop pnotolicWl..: Bt 
ftJmlui.itltJTl$ 

\.J;;my attempts: to Olc..lneve Bt photostJlnhzanOD Sluch as encapsu1at1on. 
addlnon of ..... anow screeners or 1.90130.0n of mutants Wlth mcreased 
l V resutmlce were largely l11adequare. The problem of 
pho{Qs .... abtluan..,n of Bt and vanous ewmopathogemc mse-.."11.o:l<les 
has: not been sohoed yet The purpO!ie of om srudy was to test 
dJatormte, as a pOSSlble UV protectmt for Bt 

:'<I.teri.is and :'<Iethods 

6t Kunrab. tstram·HDn cont~l.Dlg. li-endoto"Wl ctystals 3l1d 1}!ied 
IT<lctt!IT.ll cells "'<!s obtamed :::rom Blodili.i-Becl:~. IsraeL The source 
vt iliatonute powder labout lo-~ mmet shelli of diatomslI:ml) \\."35 the 
~':''w.aub~ JepO$lt (Geotg1.a). 
A BHit3toollte complex (Bt--d complex) "',,-as: prepared as followS" 
Aq\ll:!OUS Stb--perunon ~Ioo} of adler Bt md thdtolUlte wae prepared 
s~p-MJ.tclv and ml.-red. at II 1.1 ... "Olume ratIo TIle resuJtm2 nuxrure was 
i~en (J~ernJght and the prt'l.'ptJ.ate .. obtauted by ce~fugauan.. was 
washed , .. ,th db--nlled water and :rubsequentIy Iyopluhzed. 
Prehmtnary expenmenu were camed out WIth fieId--collected 1 it Instar 
l"""" of <he European .-.lIhue WODII (ECW) (PIens bmssrca< L.) to 
detemune lIl.5et.."1l.Cldat aCtI'\·ttY of Bt. Photostabt.l.tzauon of the Bt..J 
compiex. was evalnaI.ed by e:qxnure to l;V lITaduruon UlStde of UV 
chambeJ' that runulate solar mamatton condltJons. Sma11~cale field 
~xpenmellts were ~and.ucred. usmg the Bt--d compte:\:. Cabbage plants 
n~naal.ly mfe..:red Wlth I::' aud :!c.1 instu J:uvae of ECW "'"ere spnl}-ed 

\qth the Sfabtltzed complex. Unprotected Bt wns apphed as: controls. 
Tne mSec"Ucdal aco .... "lty w-u reCOJded up to J 5 days post treaonent 

Figure 1. Scanuitlg electroa micrograph of 
diatomite 

.. 

3 l..' ............. __ ~ __ ~-'-'....; 
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Bt. Jlg/ml 

Figure 2. Dose mortality r"ponse of 
Bt in Pieris brassicae larV"d.e 

Cabbage 1~'eS treated .... ,tb vanous 
~ .. mcentnmons of Bt were ted to 1 ~ mstar 
lar."'3e of P bnl5$1cae. :\fortility \"'as 
recorded I 0 days l:tter and msectlCldal 
acn ... ,ty of the mlcrobJal agen[ was estnnated 
by Prutnt allalys1S. The LC:ro value of the Bt 
under the conrutlon of the expenment ts 

8OO1ll!p"rmL 

u U 36 .t8 

E:rposure!D U\'. In 

Figure 3. Photostabiliting effect of diatomite 

St dJld the Bt-dlatomul: comple.'C were t!.:tposeti to UV I.tT'amatlon Ub,de lite UV 
..:h:mlber fOT die spt:C'lfied tl1t1e ?mads Cdbb~~.: 11!3\."eS I:mlreU WIth tit!:! santphs 
"ere fed to I r.: lnst:Er P bni5SfC8~ 13:I"\'-:le ~rorta11ty ofmsects were recoraed 10 
Jays )ater 

~t 1$ h1!Zhly S-eIl.Slt!\'1!' 10 ev trtadtatlon as after e::tpo:,"ure of 2.1 hI3 about nOd.~ of 
rhe- trC'ated la.t'\-ae !N.£Vlved. The- etTect UI already marufested after a 1:: hn 
exposure penod '\nth a reducnon of momhty by J:Qo Followmg a prolonged 
~xpOStlI1! ot tS hrs lJuly jOo IJf the U'.s~Q; dIt:d. In l."CUtr.lSr., lfu~ Br·,.uatnnllre 
... omple.'( 15 t!'t'fectwe m protectmg Bt trom lJV lllliCn ... ....mon as af'rer ::~ hrs of 
lrr2dliltlOn cl.vg.e til ~Oo.o Ilf the lar...-ae aledo Even laUIlVo'mg: e:!tp0SUfe' to 0.18 hrs 
resulted III about 00% mortabty 

Pieris brasstca~ L. 
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Figure 4. Photostability of the Bt-d complex under field conditions 

Cabbage plants naturally mi"ected by fCW Jarvae \ .. ere treated With Suspen.SlOllS of 
Bt (300 gt per hectare) and Bt-d compJex (at 3 rate of 401) gr per hectare) The mseC': 
popw.aIlOJl densIty '\\'as recorded fat 15 days and the ln$ecuadal acnVlty was 
cakulated by franz's fonnuLa that takes Ulto account 3U£">'l\"a! rare of the UlSects Ln 

treated vs c<JI11roL pLotz The nnmbers above bars represent a·:erage number of 
larvae p~ pJant 

tteid Oblferv3.b.ons shawed that due ts> ph.ototnactLvatwn of Bt as a result of solar 
uracis..anon. more l.an<le of the pest S1lf\.'lved on cabbage plana (n the expen..rnentai 
plont b'e3ced \nth 8t the decltne (If the popuJatlon denSlty was not ngrufic:an[ on the 
r i , S'!.. and;':' day post appbcanllIl. On the l~ day ~\-etl dll 11l1..~dSe m the mst!'l.[ 
popuidtttJJl deruny \\o"aS o{)st!rVci. TIns pllenomenon IS protrably reld.ted to l.:!I'1tdA:: !:hat 
hatched later from eggs. DYe-tall. the UlSl'\.'11cuial aCUVU"l of Bt under fLeld coru:il.tlOn 
was low In contrast. the Bt-d complex \\aJI much r.lOle stable resuJung m an 
extended Ul$'ectlcdal actIvIty TIns: ttend can be obseIVed already <lfter 5 dayS' where 
d thffunmce of :!~~ IS eVIdent. The gap IS mc:reased dnlIndoca!ly {by more dian 
50%) at day 15. 

Discu.''ision and Conclusions 

The effecnvenen of the apphcaton of btoratlonal msecnCldes deve10ped on the 
bob'S ,Jf diffurent 5trdlJl$ of Bt J.t:per.ds l.ugel;- on WI!If photusr..roulty w.dcr oeld 
conrunons Sunhght ur.uhanon lS eVldendy the major enVlrorunenral t'a.:ror c-aUSUlg 
Loss ofbtoLogu:al actr.rtty oftlwT group ofblOtruJect..ctdes Man"" attempta: to develop 
photostable Bt fonnulatlons based on C'V screener9 as addlrJ .... cs. are rroblematlc 
due to e:lVlfonmentU nsk5 related to \4, ater and soil pollutlOn 
By usmg dtatonnte as a phorostabthzmg additlve we took wto cOIlSld.er.mon 1[5 
1i1Xl~olO2J.cal ~nd envuonment:al properues Dta10mtle l3 chacactenzed by a uruque 
mIcroscopIc strucmre and adscnpnon proper1les. "hleh naght be usefuJ m 
apphcanOfl as a UV protectant of Bt 

Our studies have shown that the preseru."e of dta1Dmlte tn the ':OtI1P~ .:orunbuted 
photDnabtlrty of the acUVe component of 8t. \\'e C'onnder that tlus e-tTt"I.-t Wil$ a 
remit of IlUnhght deilectto. by the addtuve that resulted 111 prote.."tlng the 6· 
endocoxm from u-V -mduced photouw:b.Van01L Based on our expenrnmG we may 
conclude thatappbc:atJou OfJi.uoIDlO::.as a l~V prOtlXtmt c.m be one of me pI.lS:>lble 
ways of photostabtlwmon of Bt formuLa:uons 
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