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Приведены результаты исследований влияния средств защиты растений на культуры тома-
та и сои в условиях Приморья. Изучение препаратов производили на районированных сор-
тах томата Новичок и сои Приморская 86. Оценена эффективность различных комбинаций 
биопрепаратов на основе штаммов бактерий Bacillus subtilis Бактофит, Гамаир и регуляторов 
роста Циркон, Мивал-Агро. Препараты применяли для обработки семян и опрыскивания ве-
гетирующих растений. Комплексная обработка Бактофитом обеспечивала снижение проявле-
ний септориоза на томате на 3,9%, биологическая эффективность составила 22,1%. Регулятор 
роста Мивал-Агро (обработка семян и растений) обеспечил эффективность против фитофто-
роза на 36,8%. Наибольшая урожайность томата отмечена при обработке семян и растений 
препаратом Гамаир (20,0 т/га), прибавка к контролю составила 4,9 т/га. Максимальная эффек-
тивность (29,7%) против септориоза на сое зафиксирована в варианте Гамаир + Мивал-Агро. 
По вариантам опыта биологическая эффективность против пероноспороза составила от 21% 
(комплексная обработка Гамаиром) до 25,4% (Бактофит + Мивал-Агро). Применение всех 
препаратов положительно сказалось на росте и развитии растений сои. Самый большой при-
рост высоты растений в фазу полной спелости отмечен в варианте с применением Бактофита 
и Мивал-Агро (73,1 см), в контроле – 61,8 см. При использовании биопрепаратов и регулято-
ров роста масса 1000 семян достоверно увеличивалась по сравнению с контролем (176,2 г) на 
13,5–22,0%. Высокие показатели урожайности по сравнению с контролем (1,8 т/га) достигну-
ты в варианте Бактофит с Мивал-Агро (2,7 т/га), прибавка составила 0,9 т/га.
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The results of research on the effect of crop protection agents on tomato and soybean crops under 
Primorye conditions are presented. The study of preparations was carried out on zoned varieties 
of tomato Novichok and soybean Primorskaya 86. The effectiveness of different combinations of 
biological preparations based on Bacillus subtilis strains Bactofit, Gamair and growth regulators 
Zircon, Mival-Agro was evaluated. The preparations were used for seed treatment and spraying 
of vegetative plants. Complex treatment with Bactofit provided a 3.9% reduction of septoriosis 
manifestation on tomato, the biological efficiency was 22.1%. Growth regulator Mival-Agro (seed 
and plant treatment) provided 36.8% effectiveness against late blight. The highest tomato yield 
was observed with the treatment of seeds and plants with Gamair (20.0 t/ha) with an increase of 
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4.9 t/ha compared to the control. The maximum efficiency (29.7%) against septoriosis on soybeans 
was recorded in the variant Gamair + Mival-Agro. The biological efficacy against peronosporosis 
ranged from 21% (Gamair complex treatment) to 25.4% (Bactofit + Mival-Agro). The application 
of all preparations had a positive effect on the growth and development of soybean plants. The 
largest increase in plant height in the phase of full ripeness was noted in the variant with the use of 
Bactofit and Mival-Agro (73.1 cm), in the control - 61.8 cm. Thousand-kernel weight increased with 
certainty by 13.5 – 22.0% in comparison with the control (176.2 g) after the usage of biopreparations 
and growth-regulating chemicals. High yield was achieved in the Bactofit + Mival Agro variant (2.7 
t/ha), in comparison the control was 1.8 t/ha, the addition amounted to 0.9 t/ha.
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INTRODUCTION 

Intensive farming is gradually leading to 
environmental degradation. Fertilizer and pes-
ticide transformation products, which have mu-
tagenic and toxic effects on living organisms, 
are accumulating in soil and water [1].

The demand for organic products is now 
increasing everywhere. The term 'ecological 
products', i.e. products produced according 
to ecological agricultural environmental man-
agement standards, has been adopted world-
wide. The products must be inspected and 
labelled in accordance with established rules. 
The production of organic products is based 
on biological farming methods. This implies 
the reduction or complete rejection of syn-
thetic mineral fertilizers and chemical plant 
protection agents with the maximum use of 
biological factors to increase soil fertility, sup-
pression of diseases, pests and weeds that do 
not have a negative impact on the state of the 
natural environment. In this connection, inter-
est in the use of microbiological advances in 
agriculture has increased [2, 3].

The use of growth regulators can increase the 
plant's resistance to negative factors. These in-
clude natural and synthetic organic compounds 
that in small doses actively affect plant metabo-

lism, resulting in visible changes in growth and 
development [4, 5].

The use of biological plant protection agents 
is one of the main elements of modern technolo-
gies for phytosanitary optimisation of vegetable 
agrocenoses. Bacteria belonging to the genus 
Bacillus, especially Bacillus subtilis strains, are 
effective for biological control of many plant 
diseases caused by soil pathogens. Preparations 
based on Bacillus strains are characterized by 
high activity against phytopathogenic fungi, do 
not have a negative impact on the environment, 
contribute to the conservation and development 
of beneficial soil microbiota. The antagonistic 
activity of Bacillus subtilis is shown against 
a large number of pathogens, which allows to 
protect agricultural crops, especially those for 
which there are practically no effective means 
of protection, such as vegetable crops, as they 
are used mainly in raw form [6–9].

The use of biopreparations and growth regu-
lators is an environmentally friendly method of 
increasing yields and product quality.

The purpose of the work is to obtain experi-
mental data on testing biological preparations 
against diseases and growth regulators for pre-
sowing treatment of seeds and vegetative plants 
of soybeans and tomatoes, to determine the ef-
fect on productivity and yield.
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MATERIAL AND METHODS 

The research was conducted in 2018, 2019 
on zoned varieties of tomato Novichok and 
soybean Primorskaya 86. Employees of the 
Biomethod Department of the Far Eastern Re-
search Institute of Plant Protection (DVNIIZR) 
studied the effectiveness of bacterial prepara-
tions based on Bacillus subtilis bacteria strains 
(Bactofit, Gamair) and growth regulators (Zir-
con and Mival-Agro).

Bactofit is a microbial preparation (fungicide 
and bactericide) containing spores and cells of 
Bacillus subtilis culture, strain IPM-215. Bac-
teria of this species synthesize substances with 
antibiotic properties as well as growth-regulat-
ing components that enhance plant growth1.

Gamair is a biological bactericide based on 
natural bacterium Bacillus subtilis, strain M-22 
VIZR, has antibacterial and antifungal effect. 
It suppresses root rot pathogens, protects from 
mass manifestation of tracheomycosis wilt, 
various leaf and stem diseases. It reduces pesti-
cide stress in plants [10].

Mival-Agro is a complex preparation con-
taining an analogue of phytohormones from 
the auxin group in addition to a biologically ac-
tive organosilicon compound. It has properties 
of cryoprotector and adaptogen. It effectively 
stimulates protein and nucleic acid synthesis. It 
stimulates root formation, reduces the degree of 
root rot. It does not interact with fertilizers and 
pesticides [11, 12].

Zircon (natural mixture of hydroxycin-
namic acids and their derivatives) is a disease 
resistance inducer, seed germination activator, 
flowering stimulator. It reduces susceptibility to 
stress factors, increases crop yields. The active 
ingredient of the product belongs to plant phe-
nols, isolated from the medicinal plant Echina-
cea purpurea [13].

In the experiment on tomatoes the seeds were 
soaked in the working solution of the prepara-
tions for 2 hours, in the variant with Zircon - 3 

hours. The working fluid consumption was 1 
l/kg of seeds. Vegetation spraying with bio-
preparations was carried out three times dur-
ing the season. The first one was done 10 days 
after seedling planting in the open ground, 
the next ones were done with 10 days inter-
val. The working solution consumption rate 
was 400 l/ha. Growth regulators spraying was 
carried out 1-2 days before seedlings planting 
in the ground, in the phases of the beginning 
of budding and flowering of 1, 2 brushes. The 
consumption rate of the working solution is 
300 l/ha. 

The soil of the experimental plot was mead-
ow-brown podzolized with humus content of 
2.4%, N-NO3 - 8.2 mg/kg, P2O5 - 21.2 mg per 
100 g of soil, K2O - 55 mg per 100 g of soil, pH 
of the salt extract 4.5. The plot area was 5,6 m2. 
Five variants of the experiment were carried 
out; triple replication, systematic placement. 
The sowing was carried out manually.

All records and observations in the field 
experiments were carried out according to the 
current methods and guidelines2–4. Tomato har-
vesting was carried out separately for each plot 
and the fractional composition of the crop was 
determined. In the soybean experiment, the 
preparation was processed one day before sow-
ing by hand in a semi-dry method. For this pur-
pose, the preparation was diluted in clean water 
(at the rate of 10 l/t) and, without letting the 
suspension settle, applied it to the seeds, which 
were then thoroughly mixed until the prepara-
tion was evenly distributed. The spraying was 
carried out during the phase of full sprouts and 
during the phase of budding - the beginning of 
flowering.

The soil of the experimental plot is meadow-
brown, heavy loam by texture. Agrochemical 
characteristics of the soil are as follows: humus 
content 3.08-3.13%, easily hydrolyzable nitro-
gen - 9.5 mg/100 g, P2O5 - 14.12 mg/100 g, pH 
of the salt solution - 5.3. Tillage: autumn plow-

1List of pesticides and agrochemicals permitted for use in the Russian Federation. М., 2018. 1117 p. 
2Basic methods of phytopathological research / Edited by Chumakov A.E. Moscow: Kolos, 1974. 187 p. 
3Guidelines for state testing of fungicides, antibiotics and seed protectors for agricultural crops / Edited by K.V. Novozhilov, 

Corresponding Member of VASKhNIL, 1985. 380 p. 
⁴Dospekhov B.A. Methodology of field experience (with the basics of statistical processing of research results). 5th edition, 

revised and enlarged. Moscow: Agropromizdat, 1985. 351 p. 
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ing to a depth of 22 cm, early spring harrowing, 
two tillage and pre-sowing tillage. Grain was 
the forecrop. No fertilizer was applied. Sow-
ing of soybeans was carried out by SKS 6-10 
seeder. Seed rate was 90 kg/ha.

There were five variants in the experiment, 
repeated four times, and the area of the plot 
was 10 m2. The arrangement was randomized. 
Agronomic techniques of soybean cultivation 
in the experiment were common for Primorsky 
Territory (see footnote 4). Harvesting was done 
manually by variants in one pass. Sheaf sam-
ples were collected from two 0.25 m2 (0.35 × 
0.71 m) plots on each plot. The yield structure 
was determined under laboratory conditions. 

All records and observations in the field 
experiments were carried out according to the 
current methods and guidelines, preparations 
were used according to the instructions, and the 
results were processed by analysis of variance 
(see footnote 4)5,6. 

RESULTS AND DISCUSSION 

The weather conditions in the years of study 
were contrasting. The summer months of 2018 
were characterized by an abundance of precipi-
tation, with an uneven distribution over ten-day 
periods. August was the wettest. Summer tem-
peratures were in line with the long-term aver-
age. The weather conditions in 2019 were unfa-
vorable for crops in terms of precipitation. Par-
ticularly low rainfall occurred in June and July, 
when crop formation took place, which affected 
crop yields. August was the wettest, with 226.5 
mm of precipitation during the month, which 
resulted in waterlogging of land. Temperatures 
were 0.6-3.8°C above the long-term average for 
each month.

The phytosanitary situation of the experi-
ment allowed the efficacy of biopreparations 
and growth regulators to be observed. During 
the work, such tomato diseases as septoriosis, or 
white spot disease (Septoria licopersici Speg.), 
phytophthorosis (Phytophthora infestans De 
Bary) were identified. Septoriosis turned out 
to be the most harmful; its development in the 

variants was from 13.7 to 15.1%, while in the 
control it was 17.6% (see Table 1). 

It was found that the complex treatment with 
Bactofit biopreparation provides a 3.9% reduc-
tion of septoriosis manifestation on tomato, the 
biological efficiency was 22.1%. Phytophthora 
development by variants was from 6.0 to 6.9%. 
The most effective treatment of seeds and 
spraying of plants with growth regulator Mi-
val-Agro, where the biological efficiency was 
36.8% while the development of the disease in 
the control was 9.5%. 

The research revealed a growth-stimulating 
effect of the preparations. The treatment of 
seeds with biopreparations and growth regu-
lators resulted in 3 days earlier emergence of 
seedlings and 4 days earlier formation of buds 
compared to the control.

The main indicator for the effectiveness of 
any agricultural practice is yield. The applica-
tion of biopreparations and growth regulators 
had an impact on the productivity of tomato 
plants. When growth regulators were used, the 
increase was 3.7 t/ha (LSD05 = 2.5). The highest 
yield was observed when seeds and plants were 
treated with the biological preparation Gamair 
(20.0 t/ha), while the yield of the control was 
15.1 t/ha (see figure). The increase with the use 
of biological preparations was 4.1 to 4.9 t/ha.

The effect of biopreparations and growth 
regulators on soybean plants showed that the 
preparations have a positive effect on soybean 
growth and development, duration of pheno-
phases, productivity and yield. The soybean 
plants grew more quickly in leaf mass, and the 
duration of the interphase periods was reduced 
by 2-3 days.

According to the results of analysis of the 
experiment data, treatment of seeds and spray-
ing of vegetative plants with biological prep-
arations and growth regulators had a positive 
effect on the main indicators determining plant 
productivity. There was a significant (7-12 cm) 
difference in plant height in the phase of full 
ripeness compared to the control (61.8 cm) 
(see Table 2). All experimental variants gave a 

5System of agricultural production in the Primorsky Territory. Edited by Chaika A.K. Novosibirsk, 2001. 364 p.  
6James B. Sinclair. Compendium of Souben Diseases. Published by The American Phytopathological Society, 1982, 104 p.



24 Siberian Herald of Agricultural Science • 2021 • 51 • 5 Agriculture and chemicalization

Combined use of biopreparations and growth regulators to improve 
soybean and tomato yields

Syrmolot O.V., Kocheva N.S. 

significant increase in the number and weight 
of seeds compared to the control variant. The 
complex treatment with Bactofit stimulated an 
increase in the number of seeds per plant by 23 
units and seed weight per plant by 2.0 g.

The 1000 seeds weight in all variants of the 
experiment reliably exceeded the indicator of 
the variant without treatment by 13.5-22.0% 

(LSD05 = 16.0 t/ha). The maximum weight was 
recorded in the variant with treatment of seeds 
with Bactofit and spraying of vegetative plants 
with Mival-Agro (215.0 g).

Simultaneously with the study of the effect 
on productivity, the preparations were evalu-
ated for their ability to reduce the infestation of 
soybean plants with septoriosis (Septoria gly-

Табл.  1 .  Влияние обработок препаратами на фитосанитарное состояние томата (среднее за 2018, 
2019 гг.), %
Table 1.The influence of preparation usage on phytosanitary state of tomato (mean value for 2018, 
2019), %

Experiment option 
Septoriosis Phytophthora 

Disease 
progression

Biological 
effectiveness

Disease 
progression

Biological 
effectiveness

Control (no treatment) 17,6 9,5
Seed treatment (2 g/kg) and plant spraying 
with Gamair (0.06 kg/ha) 14,8 15,9 6,9 27,4
Seed treatment (1.5 g/kg) and plant spraying 
with Bactophyt (0.5 kg/ha) 13,7 22,1 6,3 33,7
Seed treatment (6 ml/kg) and plant spraying 
with Zircon (0.01 l/ha) 15,1 14,2 6,1 35,8
Seed treatment (1 g/kg) and spraying of 
plants with Mival-Agro (0.015 kg/ha) 14,1 19,8 6,0 36,8

LSD 05 1,5 2,0 1,7 0,9

Урожайность томата при применении препаратов (среднее за 2018, 2019 гг.), т/га
Yield of tomato with preparation usage (mean value for 2018, 2019), t/ha
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cines Hemmi) and peronosporosis (Peronos-
pora manshurica (Naum.) Syd.) Treatment of 
soybean seeds with Gamair and spraying of Mi-
val-Agro plants contributed to the reduction of 
septoriosis infestation by 8% (29.7% biological 
efficiency). Against peronosporosis the greatest 
biological efficacy had Bactofit + Mival-Agro 
(25.4%). 

The yield record showed a significant in-
crease in seed productivity of soybean in all 
variants of the experiment. The studied growth 
regulators and biological preparations provided 
increase of soybean yield due to increase of 
indicators of elements of yield structure and 
reduction of disease infestation. The increase 
of the soybean yield in comparison with the 
control amounted to 0.6-0.9 t/ha (see Table 3). 
The maximum soybean yield (2.7 t/ha) was ob-
tained on the variant of complex application of 
Bactofit biopreparation with growth regulator 
Mival-Agro.

CONCLUSION 

In the course of the research carried out un-
der the conditions of Primorsky Territory, it 
was found that the use of biopreparations and 
growth regulators is promising for use on soy-
bean and tomato plants. All the studied prepara-
tions inhibit the development of leaf spot dis-
ease during the growing season, have a positive 

effect on plant growth and development and 
significantly increase the crop yield. The high-
est yield of tomatoes was observed with the 
treatment of seeds and plants with the biologi-
cal preparation Gamair (20.0 t/ha). The com-
bined application of Bactofit with Mival-Agro 
promoted active plant growth and increased 
elements of structural analysis of soybean 
yield. The high indices of the yield were ob-
served in the variant of treatment of the seeds 
with Bactofit with the spraying of the vegeta-
tive plants with the growth regulator Mival-
Agro (2.7 t/ ha) in comparison with the control 
(1.8 t/ha). The high efficiency of biological 
preparations was noted both when used to-
gether with growth regulators and when used 
separately. 
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