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A b s t r a c t  
 

Crop losses caused by pests can reach 40-50 % and even more. Application of biological 
methods for regulation of the harmful species is promising and providing ecological safety. Biological 
preparations based on the living cultures of microorganisms and their metabolites meet these re-
quirements. Currently, the crystal-forming bacterium Bacillus thuringiensis is considered to be the 
most important species for production of biological insecticides, since this bacterium exhibits high 
specificity in relation to the target pathogens, safety for humans and the environment. At ARRIAM, 
the biological preparation based on the Bacillus thuringiensis var. thuringiensis (BtH1) 800/15 strain 
was developed. The strain was isolated from larvae of the Colorado potato beetle (Leptinotarsa 
deсemlineаta Say.) in the Leningrad region, studied for culture-morphological, biochemical and sero-
logical properties and identified according to the classification of De Barjac and Bonnefoi. Sequenc-
ing of the genes encoding 16S RNA and B-subunit of the DNA-gyrase (GyrB) confirmed that the 
isolated strain 800/15 belongs to Bacillus thuringiensis var. thuringiensis. The BtH1 800/15 strain was 
deposited in the Russian Collection of Agricultural Microorganisms (RCAM) under the registration 
number 611 (Patent of the Russian Federation RU 2514211 C1 of 27.04.2014). This paper is the first 
to report that the BtH1 800/15-based biologicals increases the germination of seeds, the height of 
seedlings and the root length of various crops, and also revealed the inhibitory activity against phyto-
pathogenic fungi. The goal of this study was to investigate whether the biological preparation based 
on the BtH1 800/15 strain has multifunctional properties including entomocidal activity against mass 
insect pests of crops, growth-stimulating effect on economically significant plant species and antifun-
gal activity against phytopathogenic fungi. The preparation based on the BtH1 800/15 strain is a liq-
uid that is easily diluted with water to the required concentration and contains the components of 
the cultural medium, spores and entomocidal exo- and endotoxins. The initial values of the biologi-
cal activity of the preparation were as follows: titer was 3.5½109 CFU/ml, exotoxin content for the 
Musca domestica Linn. larvae in LC50 was 3.1 μl/g of feed, entomocidal activity for the larvae of the 
Colorado beetle Leptinotarsa decemlineata Say. in LC50 was 0,28 %. The paper presents the data of 
field trials of the effectiveness of the preparation carried out on different agricultural crops in the 
period of 2014-2017 in the Leningrad Region, Krasnodar and Primorsky Krai against phytophagous 
insects, the Colorado beetle (L. decemlineata Say.), the 28-spotted potato ladybird (Henosepilachna 
vigintioctomaculata Motsch.), the diamondback moth (Plutella xylostella L.), the cabbage white and 
the small white (Pieris brassica L., P. rapae L.), cabbage moth (Barathra brassicae L.), gooseberry 
sawfly (Pteronidea ribesii Scop.), red spider mite (Tetranichus urtica Koch.) and whitefly (Trialeurodes 
vaporariorum West.). Field tests demonstrated the effectiveness of this biological preparation against 
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harmful phytophagous insects (66.7-100 %). The laboratory tests revealed that the preparation did 
not exhibit phytotoxicity, moreover, it showed a growth-stimulating effect on the seed germination 
(up to 32 %), as well as the height of seedlings and root length (up to 52 %). The efficacy of the 
preparation against phytopathogenous fungi did not exceed 54 % and was inferior to the preparation 
based on the BtH10 strain 56. The combined use of the biological preparation based on the BtH1 
800/15 strain with the chemical insecticide Decis Extra, CE (emulsion concentrate) on potato 
against H. vigintioctomaculata Motsch. was very efficient (100 %) even if the application rates were 
reduced 2 and 3 times, respectively. This combination of biological and chemical insecticides is eco-
nomically valuable and can be successfully used in potato fields when they are pest-infected, with the 
predominance of larvae of older ages and imago, which allows a significant reduction of the pesticide 
load. Overall, data obtained show that the biological preparation based on the Bacillus thuringiensis 
var. thuringiensis strain 800/15 has multifunctional properties, including entomocidal, antifungal and 
growth-stimulating activities, and is also promising for joint use with chemical insecticides. 

 

Keywords: Bacillus thuringiensis, phytophagous insects, phytopathogens, polyfunctional 
properties, entomocidal, antifungal and growth-stimulating activity 

 

The world market for chemical pesticides has recently entered a slow-
down, while the market for biologicals is on the rise. The two markets are ex-
pected to equate by 2050 [1]. Biologicals are state-of-the-art alternatives to con-
ventional chemical pesticides. They are eco-friendly; safe for humans, warm-
blooded animals, and beneficial organisms; highly selective; effective against spe-
cific pests [2, 3]. 

Crops are increasingly protected by means of biologicals based on the 
genus Bacillus, which is pathogenic to phytophagous insects [4-6], phytopatho-
gens [7-9], and plant pathogenic nematodes [10]. Biologicals based on various 
subspecies of B. thuringiensis Berliner (Bt) take the lead [11-13]. Insecticidal ef-
forts at farms mainly used biologicals based on three pathogenic Bt variants. 
Pathovar A comprises Bt subspecies (var. thuringiensis), whose endotoxin crystals 
have greatest effects on Lepidoptera, Pathovar B comprises Bt subspecies (var. is-
raelensis) that affect Diptera larvae, and Pathovar C comprises Bt subspecies (var. 
tenebrionis, var. darmstadiensis) that affect Coleoptera [4]. There has been discov-
ered Pathovar F (for fungi) that affects plant pathogenic fungi [14]. 

The insecticidal traits of Bt arise from the synthesis of various toxins [15-
17], the most important family of which is Cry, which comprises crystal delta 
endotoxins [18, 19]. In an insect’s intestines, the protein crystal transforms into 
a protoxin, which further becomes a true toxin when exposed to serine proteases. 
The true toxin causes pathological processes and septicemia, a condition that 
enables microorganisms to colonize the pest’s circulatory system, killing it. The 
thermostable water-soluble nucleotide -exotoxin is released by bacteria into the 
environment; this very important substance has a metatoxic effect, as it tampers 
with the host insect’s growth and metamorphosis [4, 20].  

Bt-based biologicals have polyenzymatic traits; they have been discov-
ered to produce a variety of hydrolases, which is seemingly what kills pests (in-
sects and fungi) [21, 22]. Bt antifungal effects are also associated with the syn-
thesis of other lytic enzymes, in particular, proteases and chitinases, which de-
stroy the cell walls of phytopathogenic fungi [23, 24]. Recently, Bacillus bacteria 
have been discovered to synthesize lipopeptide antibiotics that have an antago-
nistic effect [25-27]. 

One aspect to the multifunctionality of Bacillus bacteria is that they can 
promote plant growth [28-30]. They colonize soil rhizosphere and rhizoplane, 
where they produce physiological agents that may activate plant resilience genes 
[31]. R&D of Bt-based biologicals requires finding and selecting active strains 
from natural sources (soil, affected insects, infected tissue and organs of plants); 
strains are selectively engineered to be easy to produce, to have strong broad-
spectrum effects [32]. 

The All-Russian Research Institute of Agricultural Microbiology (ARRI-
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AM) has developed a liquid broad-spectrum biological against mass plant pests, 
which is based on B. thuringiensis var. thuringiensis 800/15 (BtH1 800/15) (Russian 
Patent No. 2514211 dd. April 27, 2014) [33]; it can be easily diluted in water to 
the required concentration and easily disseminated using standard sprayers.  

This paper presents the first study of the plant growth promotion effects 
of the BtH1 800/15-based biological, as well as its antifungal effects against phyto-
pathogenic fungi. The biological has been found to improve germination rate by 
6% to 21%, the seedling height by 4% to 52%, and the root length by 12% to 52% 
in a variety of crops. Its inhibitory efficacy against phytopathogens is up to 54%. 

The goal hereof was to study the multifunctionality of a biological based 
on the strain Bacillus thuringiensis var. thuringiensis 800/15. 

Techniques. Bacillus thuringiensis var. thuringiensis 800/15 (BtH1 800/15) 
was isolated from dead Colorado beetle larvae collected in the Leningrad Re-
gion; the team studied the cultural, morphological, biochemical, and serological 
traits of the strain to classify it per De Barjac and Bonnefoi [34-36].  

Gene sequences encoding 16S rRNA and B-subunits (gyrB) were em-
ployed to define the isolate by molecular phylogenetics. The strain was cultured 
in TY medium for 24 hours, after which 108 bacterial cells were moved to TE 
buffer (10 mM Tris-HCl, 1 mM EDTA, pH 8.0) and incubated for 10 minutes 
at 95 C. The resulting DNA was used to amplify the sequences encoding 16S 
rRNA (27f 5´-GTTTGATCMTGGCTCAG-3´ primers), 1492R (5´-TACGG-
YTACCTTGTTACGACTT-3’) (37), gyrB (gyrB_F 5´-CTTGAAGGACTAGA-
RGCAGT-3´, gyrB_Rf 5´-CCTTCACGAACATCYTCACC-3´) [38] by PCR. 
The reaction mixture had a volume of 20 µl, which comprised 1 µl of bacterial 
DNA, 0.5 µl of each primer, and 10 µl of Fermentas-DreamTaq green PCR mas-
ter mix (Thermo Fisher Scientific, USA). PCR was carried out on a T100tm 
Thermal Cycler (Bio-Rad, USA) using the following procedure: 15 minutes at 
95 C (for initial denaturation); 30 s at 94 C (denaturation), 30 s at 55 C 
(annealing), 1 min at 72 C (elongation) (31 cycles); 10 minutes at 72 C (fi-
nal elongation). Sanger sequencing was performed at the Collective Lab for 
Genomic Technologies, Proteomics, and Cell Biology, ARRIAM [39]. BLAST 
(https://blast.ncbi.nlm.nih.gov/Blast.cgi) was used to determine the closest strains 
in terms of 16S rRNA and gyrB sequences. 

BtH1 800/15 was deposited in the Russian Collection of Agricultural Mi-
croorganisms (RCAM) as a spore microorganism under the registration number 
611. BtH1 800/15 was cultured in dense nutrient media (meat-peptone agar, 
MPA, and fish agar, FA) at 28-30 C until the spore generation and crystal endo-
toxin synthesis were complete. Microscopy was performed on Day 7 [40] using 
black aniline dye. Strain productivity was measured in yeast-polysaccharide me-
dia by submerged cultivation in Erlenmeyer flasks on an aerated rocker at 220 
rpm and 28 C over 72 hours. 

ARRIAM’s Ecos branch based in Kolpino, St. Petersburg, used this strain 
to produce a liquid biological. Cellular population, entomocidal activity (LC50 
for the larvae of Leptinotarsa decemlineata Say from a natural population), and 
the exotoxin content (LC50 for domestic fly Musca domestica Linn.) were deter-
mined per [32]. 

The antifungal effects of Bt against various plant pathogenic fungi were 
determined by the agar block method in Petri dishes [41]. The biological based 
on BtH1 800/15 was compared against a reference based on BtH10 56. For tests, 
the team used the plant pathogenic fungi Botrytis cinerea Pers. (strain C-5), 
Pythium spp. (strain C-2), Bipolaris sorokiniana (Sacc.) Shoemaker (strain C-20), 
Fusarium avenaceum (Fr.) Sacc. (strain C-8), F. solani App. et Wr. (strain C-15), 
Verticillium dahlia Kleb. (strain 27). Liquid Bt biological (5% concentration) was 
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injected in a molten Czapek medium cooled down to 40 C. Blocks cut out of a 
10-day culture of the fungi were placed on the congealed agar. For control, the 
team used a medium that did not contain the biological. Fungal colony diame-
ters were measured 5 days later. The inhibitory efficacy of Bt was calculated by 
the Abbot’s formula [42]: 

Х =    
 ½ 100, 

where X is the degree of inhibiting fungal colony growth, %; Dc and Dt are the 
diameters of fungal colonies (control and test, respectively), cm. 

The phytoregulatory effects of the BtH1 800/15-based biological were as-
sessed by laboratory germination of seeds in rolls of filter paper at 26 C and a 
humidity of 86%. Tomato (Solanum lycopersicum), cucumber (Cucumis sativus), 
marrow (Cucurbita pepo var. giromontina), beet (Beta vulgaris), pumpkin (Cucurbita 
pepo), and cabbage (Brassica oleracea) seeds were soaked for 3 hours in a liquid 
culture of BtH1 800/15, as well as in a nutrient medium for control. Germination 
was rated in 5 days; seedling and root length was measured in 3 weeks [43]. 

Field tests were carried out at farms in the Leningrad Region, Krasno-
dar Territory, and Primorye Territory in 2014-2017. Vegetating Solanum tu-
berosum plants were treated with a liquid biological suspension while the Colora-
do beetle larvae L1-2 were hatching. In the Krasnodar Territory, soy (Glycine 
max) was treated against red spider mite (Tetranychus urticae L.) in the field, 
while cucumbers were treated against red spider mite and whitefly (Trialeurodes 
vaporariorum West.) indoors. The biological was applied at 15 to 20 l/ha; the 
solution application rate was 200 to 400 l/ha. 

In the Leningrad Region, white cabbage (Brassica oleracea) was treated 
against diamondback moth (Plutella xylostella L.), cabbage butterfly, and small 
white (Pieris brassicae L., P. rapae L.), cabbage moth (Barathra brassicae L.) (10-
15 l/ha); gooseberry (Ribes uva-crispa) was treated against common gooseberry 
sawfly (Pteronidea ribesii Scop.) (20 l/ha). In the Primorye Territory, potato 
was treated against 28-spotted potato ladybird (Henosepilachna vigintioc-
tomaculata Motsch.) with the tested biological, as well as with Decis Extra, CE 
(emulsion concentrate, Decis®, Bayer AG, Germany), both applied in recom-
mended dosages (15 and 0.03 l/ha, respectively), also mixed in a tank with re-
duced dosage (7.5 l/ha and 0.01 l/ha).  

The collected data was processed by analysis of variance at 95% CI [44]. 
For processing, the researchers calculated the means (M) and the standard errors 
of the mean (±SEM). Significance was tested by Student’s t-test at a confi-
dence interval of 95% (p < 0.05). 

Results. Following the conventional approach [34-36], the strain 800/15 
had earlier been described as B. thuringiensis var. thuringiensis. We confirmed its 
taxonomy by molecular systematics. Using BLAST, Bacillus cereus VLS-S-1, Ba-
cillus thuringiensis HC2, Bacillus toyonensis PgBe301 were identified as strains of 
a nearly identical 16S rRNA sequence. Thus, the 16S rRNA locus is too con-
servative for accurate identification of the strain’s taxonomy, but provides prov-
ing the strain to be a Bacillus. 

To clarify the phylogenetic position of 800/15, wwe sequenced its gene 
gyrB that encodes the B-subunit of DNA gyrase. This locus is less conservative 
than 16S rDNA, which helps differentiate phylogenetically close groups. The 
gyrB sequence in 800/15 was found to be closer to that of Bacillus thuringiensis 
ATCC 10792 and Bacillus thuringiensis Bt 407, earlier classified as serotype BtH1 
[37]. Thus, molecular systematics confirmed that 800/15 was indeed B. thurin-
giensis var. thuringiensis. 

The next step was to find whether the BtH1 800/15-based biological was 
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multifunctional. To that end, its samples were first tested for activity. The titer 
was 3.5-3.6±0.2 billion CFU/ml, with the Musca domestica exotoxin concentra-
tion at LC50 being 3.1-3.2±0.1 µl/g of food and the entomocidal activity against 
Leptinotarsa decemlineata larvae at LC50 being in the range 0.26-0.28±0.02%. 

In field tests, the biological killed 70% to 100% of insects, see Table 1. 
Its application improved the yield of potatoes (Leningrad Region, Krasnodar 
Territory) and cabbage (Leningrad Region) as compared to the controls (no da-
ta available).  

1. Efficacy of the liquid Bacillus thuringiensis var. thuringiensis 800/15-based bio-
logical as tested on phytophages in different Russian regions over 2014-2017 

Pest species Geographic location Crop Biological efficacy, % 
Leptinotarsa decemlineata Say. Krasnodar Territory, 

Leningrad Region Potato 95.9-98.8 
Henosepilachna vigintioctomaculata Motsch. Primorye Territory Potato 66.7-70.0 
Tetranichus urticae Koch.) 

Krasnodar Territory 
Cucumber 97.6-98.4 
Soybean 95.8-96.2 

Trialeurodes vaporariorum West. Krasnodar Territory Cucumber 99.8-100.0 
Plutella maculipennis Curt. Leningrad Region Cabbage 80.0-90.1 
Pieris brassicae L. Leningrad Region Cabbage 94.7-95.6 
Pieris rapae L. Leningrad Region Cabbage 84.5-96.7 
Barathra brassicae L. Leningrad Region Cabbage 90.0-92.8 
Pteronidear ribesii Scop. Leningrad Region Gooseberry 70.8-72.4 
N o t e. Efficacies are averaged-based. 

 

Laboratory tests showed the biological was not phytotoxic; on the con-
trary, it promoted plant growth, e.g. it increased the germination rates of: beet 
and cabbage by 6%, cucumbers by 10%, marrows by 21%, tomatoes by 11%, and 
pumpkins by 21%; beet seedlings gained 4% in height, cucumbers gained 8%, 
marrows gained 52%, cabbage gained 36%, and pumpkins gained 38%; root 
length rose by 12% in beet, 19% in cucumbers, 52% in marrows, 28% in to-
matoes, 48% in cabbage, and 42% in pumpkins, see Table 2. The crops re-
sponded differently to BtH1 800/15. Marrows, tomatoes, cabbage, and pump-
kins were stimulated to a far greater extent than beet or cucumbers. Seedlings 
that sprouted from treated tomato, cabbage, pumpkin, and marrow seeds were 
6.4±0.7 to 14±0.75 cm or 36% to 52% higher than controls (4.2±0.65 to 
9.9±0.25 cm); the roots of treated cabbage, pumpkin, and marrow were 7.4±0.55; 
15.9±0.75, or 22.5±0.9 cm longer than the controls (5.0±0.25; 11.2±0.45, or 
14.8±0.75 cm (difference from the controls deemed significant at p < 0.05). The 
biological also proved to significantly boost the pumpkin, cabbage, and marrow 
root growth (by 42-52%). 

The BtH1 800/15-based biological had antifungal effects, albeit weaker 
than those of BtH10 56, see Table 3. On average, the fungi Botrytis cinerea Pers., 
Pythium spp., Bipolaris sorokiniana and Verticillium dahliae were inhibited by 
BtH1 800/15 by 51.15±1.75; 40.35±1.65; 21.55±1.45, and 18.45±0.45%, respec-
tively. A further selection of BtH1 800/15 for antifungal effects requires more 
specific criteria, which will be set forth by further research. 

In the Primorye Territory, the BtH1 800/15-based biological was com-
pared against Decis Extra, CE for protection against 28-spotted potato ladybird. 
Tests showed mixing both agents in lower doses was as efficient as the chemical 
reference, as 100% of the pest was dead on the 10th post-treatment day. Thus, 
combining these agents is appropriate and cost-effective for fields inhabited by this 
pest, predominantly by older larvae and imago.  

Laboratory tests showed that neither at sublethal dosages nor at higher-
than-recommended concentrations in combination did Decis Extra hinder the 
viability of BtH1. 
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2. Bacillus thuringiensis var. thuringiensis 800/15-based biological and its phytoregulatory effects on different crops 

Crop 
Seed germination, %  Seedling height, cm Root length, cm 

controls 
post-treatment 

controls 
post-treatment 

controls 
post-treatment 

total percent of the control total percent of the control total percent of the control 
Beet 92-96 99 106 4.2-5.0 4.8-5.1 104 3.5-4.0 3.8-4.7 112 
Cucumbers 87-90 99 110 4.6-5.3 5.2-5.7 108 4.9-5.2 4.9-5.2 119 
Marrows 77-80 91-96 120 9.7-10.2 11.4-15.7 142 14.0-15.9 14.0-15.9 152 
Tomatoes 88-91 99 111 4.3-4.8 5.6-7.0 152 12.9-14.0 12.9-14.0 128 
Cabbage 92-94 99 106 4.9-5.9 7.1-7.9 136 4.8-5.3 4.8-5.3 148 
Pumpkin 77-80 91-98 120 7.4-8.3 10.4-11.3 138 10.7-11.8 10.7-11.8 142 
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3. Antifungal effects of the strains Bacillus thuringiensis var. thuringiensis (BtH1) and 
Bacillus thuringiensis var. darmstadiensis (BtH10) 

Вид фитопатогенного гриба 
Ингибирование роста колоний гриба 
через 5 сут, % 

BtH1 800/15 BtH10 56 
Botrytis cinerea Pers (штамм С-5) 48,3-54,0 100 
Pythium spp. (штамм С-2) 38,7-42,0 83,2-86,5 
Bipolaris sorokiniana (Sacc) Shoemaker (штамм С-20) 20,1-23,0 74,1-75,3 
Fusarium avenacrum (Fr.) (Sacc) (штамм С-8) 0 50,0-51,2 
Fusarium solani App. et Wr. (штамм С-3) 0 25,2-26,0 
Verticillum dahlia Kleb. (штамм 27) 18,0-18,9 50,7-52,0 
П р и м е ч а н и е. Ингибирующую активность препарата рассчитывали по формуле W.S. Abbot (см. раз-
дел «Методика»). 

 

Combining chemicals and biologicals subjects plants to less stress and is 
a cost-effective solution, as both agents can thus be applied in lesser quantities. 
The synergistic effects of B. thuringiensis-based biologicals in combination with 
chemicals have been noted in research literature. Thus, using B. thuringiensis var. 
israelensis-based bactoculicide in combination with dimilin, a chitin synthesis 
inhibitor, at a quarter to an eighth of the recommended dosage did kill up to 
91.2% Lycoriella solani Winn. while boosting the yield by up to 58.6% [45]. 
Ivantsova evaluated B. thuringiensis var. darmstadiensis-based bacicol in combi-
nation with Fastac®, BASF SE, Germany, at low-toxic dosage; the agents am-
plified each other, and the combination was extremely efficient against mustard 
pests [46]. Bactoculicide has been proven effective against Cricotopus sylvestris 
Fabr. in combinations with Proponit®, Arysta LifeScience S.A.S., France, Basa-
gran®, BASF SE, Germany, 2M-4X MCPA, Bayer AG, Germany, and 
Ordram®, Syngenta AG, Switzerland. The herbicides had no identifiable nega-
tive effects on the viability of B. thuringiensis var. israelensis [47]. 

Thus, the Bacillus thuringiensis var. thuringiensis 800/15-biological has en-
tomocidal, plant growth-promoting, and antifungal effects. It is a promising solu-
tion for combating mass pests affecting a wide range of crops, from potatoes and 
cruciferous crops to berries. Use in combination with a chemical insecticide seems 
appropriate and cost-effective for fields populated with older larvae and imago of 
Leptinotarsa decemlineata Say. and Henosepilachna vigintioctomaculata Motsch. 
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