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JlanbHegocmoyuHblll HAYYHO-UCCE008AMENbCKUN UHCIMUMYM 3AUUmMbl pAcmenu
[Ipumopckuii kpaid, c. Kamenb-Pri0ono, Poccust

[IpencraBiensl pe3yabTaTsl MPUMEHEHUS IKOJIOTHYECKH OE30IacHBIX METOJI0B OOpHOBI ¢ Bpe-
nutensiMu kaprodens. [IpoBeeHbl CpaBHUTENBHBIE TIOJIEBbIC MCIBITAHUS MHCEKTOAKAPHIIUIOB U
MHUKPOOHOJIOrMYECKUX IMPEnapaToB Ha Mocajakax Kaprodelss palloHMpOBaHHOIO copra SIHTapp B
[Ipumopckom kpae B 2018, 2019 rr. OObEKT HCCIe0BaHNN — JIMYMHKH U )KYKH KapToheITbHOMN KO-
poBku Henosepilachna vigintioctomaculata. 1locanky xinyOHed NMPOBOJUIN B ONTHUMAJIbHBIC IS
peruoHa CpoKM — KOHEII anpesis — Hayajio Mas. B mccieoBaHuAX MCIONB30BaHbl Ipenaparsl du-
ToBepM Ha ocHoBe aBepcekTrHa C (50 1/1), Akapun Ha ocHoBe aBeptuHa N (2 r/m), Bamukon Ha
OCHOBe wrTamma Bacillus thuringiensis var. darmstadiensis (BtH, ), Butokcubanumiin Ha ocHOBE
wramma Bacillus thuringiensis var. thuringiensis (BtH, ). I[Ipenaparsl usy4ensl B OTAENBHBIX OTIbI-
Tax U B COBMECTHBIX ¢ nHcektuiuaoM Kopano. Pactenus kaprodenst onpbIcKMBaIM MpenapaTamMmu
OIHOKPATHO. YYeThbl YHCICHHOCTH BPEANUTENS IPOBOIMIN 10 00paboTKK U mocie 00padoTKH Ha 5,
10, 15-e cytku Ha 10 pacteHusix kaprodeist B TpeX MOBTOPHOCTSX B COOTBETCTBHHU C YTBEPIKIICH-
HBIMU MeToanKamu. Beicokyto apdexruBHocTh 90,5-94,0% mnokaszan OuonmHcektuimn duroBepm
B HopMe npumeHeHust 0,16 yi/ra. OnMHOKpaTHOE NMPUMEHEHHE OMOMHCEKTHIMIOB Ha MPOTSHKCHUH
15 cyT cnepKuBajJO HHTEHCUBHOCTb PAa3BUTHSI BPEANUTENS HIDKE IIOPOroBoro yposHsa. CoBMECTHOE
HCIOJIb30BaHNE OMOMHCEKTULMIOB U MHCEKTUIHA IPOTHUB KapTo(hebHONH KOPOBKH 00€CIeYNBAaIIO
CHIKEeHHUE yrciaeHHocTH purtodara Ha 90,8-99,8% no cpaBHEHHUIO ¢ KOHTPOJIBLHBIM BapHaHTOM (0e3
MIPUMEHEHUS] CPEACTB 3alIUTHl pacTeHui). BritoueHne npemnapartoB OHOIOTHYECKOTO MPOMCXOXK-
nennst Guroepm, Axapus, banukos, BUTOKCHOAIMIITUH B TEXHOJIOTHH BO3/ICIIBIBAHUS KapTO(ess
MO3BOJIUT OTPAHUYHUTH YUCICHHOCTh KapTO(heIbHOW KOPOBKH M PEHIUThH MPOOIEMY IKOJIOTHU3AIMH
3alIUThl pacTeHuil Ha tore JlanpHero BocToxka.

KiroueBble cioBa: kaprodenb, BpeauTenb, KaprodeiabHas KOPOBKA, HHCEKTOAKApULU, OHO-
WHCEKTULU]I, HTHCEKTHLIUA, Onoaorndeckas 3pQeKTuBHOCTD, YPOKAHMHOCTD
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The results of the application of environmentally friendly methods of potato pest control are
presented. Comparative field trials of insectoacaricides and microbiological preparations were
carried out on potatoes of the recognized variety Yantar in the Primorsky Territory in 2018 and
2019. The object of research was the larvae and beetles of the potato ladybird Henosepilachna
vigintioctomaculata. The tubers were planted at the optimal time for the region, late April —
early May. The study used Fitoverm preparations based on aversectin C (50 g/l), Akarin based
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on avertin N (2 g/l), Batsikol based on the strain of Bacillus thuringiensis var. darmstadiensis
(BtH, ), Bitoxybacillin based on the strain of Bacillus thuringiensis var. thuringiensis (BtH,). The
preparations were studied independently and with Corado insecticide. Potato plants were sprayed
with the preparations once. Pest counts were carried out before treatment and after treatment on the
5th, 10th, 15th day on 10 potato plants in three replications in accordance with the approved methods.
Bioinsecticide Fitoverm showed a high efficiency of 90.5-94.0% at the application rate of 0.16 1/ha.
A single application of bioinsecticides for 15 days restrained the intensity of the pest development
below the threshold level. The combined use of bioinsecticides and an insecticide against the potato
ladybird provided a decrease in the phytophage population by 90.8-99.8% compared to the control
variant (without the use of plant protection products). The inclusion of preparations of biological
origin Fitoverm, Akarin, Batsikol, Bitoxybacillin in potato cultivation technology will allow to limit
the number of potato ladybird and solve the problem of plant protection in an environmentally-

friendly way in the south of the Far East.
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INTRODUCTION

The 28-spotted potato ladybird Henosepi-
lachna vigintioctomaculata Motsch., 1853
(Coleoptera, Coccinellidae) causes significant
damage to potato plantings in the south of the
Far East. When protecting crops, insecticides
belonging to different chemical classes are
used. The systematic use of chemicals leads
to the formation of resistant populations of the
pest, which is a factor in the deterioration of
the ecological situation. One of the methods of
reducing the negative impact of pesticides on
the environment is the treatment of planting
material with combined preparations with in-
secticidal and fungicidal properties [1, 2]. The
studies carried out indicate that the pre-planting
treatment of tubers with Prestige, SC is promis-
ing for the control of potato pests in the Primor-
sky Territory [3].

Currently, manufacturers prefer environ-
mentally friendly biological plant protection
systems. The use of biological products con-
tributes to the conservation of environmental
biodiversity [4, 5]. In the conditions of Primor-
sky Territory, work was carried out to study and

evaluate the effectiveness of microbiological
preparations against the potato ladybird but the
range of biological preparations has been sig-
nificantly updated recently. Insectoacaricidal
preparations based on avermectins synthesized
by the actinomycete Streptomices avermitilis
are used to protect crops from harmful organ-
isms [6-9].

Of greatest interest are preparations based
on the entomopathogenic bacteria Bacillus
thuringiensis Berliner, which have a selective
effect and are safe for humans, warm-blooded
animals and the environment. Due to the pres-
ence of crystals of endotoxin, exotoxin, phos-
pholipase C, and spores, B. thuringiensis exhib-
its entomotoxic, entomopathogenic, and meta-
toxic effects [10, 11]. The All-Russian Research
Institute of Agricultural Microbiology (ARRI-
AM, St. Petersburg - Pushkin) has developed
entomopathogenic biological products Batsikol
and Bitoxibacillin. Batsikol is based on the Ba-
cillus thuringiensis var. darmstadiensis (BtH ),
which has a specific effect on coleoptera. The
basis of Bitoxibacillin is the bacterium Bacil-
lus thuringiensis var. thuringiensis (BtH,). The
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preparations are designed to combat a wide
range of mass phytophagous pests of agricul-
tural crops [12—-14]. The study of new bioin-
secticides is important for improving the range
of biological agents for controlling the potato
ladybird in the Primorsky Territory.

The purpose of the research is to evaluate
the biological and economic efficiency of prep-
arations of biological origin against the potato
ladybird in the soil and climatic conditions of
the southern Far East.

MATERIAL AND METHODS

Studies to assess the biological effectiveness
of drugs were carried out in 2018, 2019. Field
experiments were carried out in the village of
Dubovy Klyuch of the Ussuriysk district of the
Primorsky Territory on the planting of potatoes
of the zoned Yantar variety. The object of re-
search is the larvae and beetles of the potato
ladybird. The tubers were planted at the opti-
mal time for the region (late April - early May).
The plot area was 16.8 m?. In each variant of
the experiment three replications were carried
out. The placement of plots in replicates is
randomized. To regulate the number of potato
ladybirds Fitoverm, EC preparations (a.i. aver-
sectin C, 50 g /1) were used at application rates
of 0.07 and 0.16 1/ ha (LLC NBTs "Farmbi-
omed"), Akarin, EC (a.i. avertin N, 2 g /1) - 1.2
and 1.6 1/ ha, Batsikol, F (Bacillus thuringien-
sis, strain BtH, ) - 15 1/ ha and Bitoxibacillin,
F (Bacillus thuringiensis, strain BtH,) - 151/ ha
(ARRIAM). The preparations were used sepa-
rately and together with the insecticide Corado,
SC (a.i. imidacloprid, 200 g /1) - 0.1 1/ ha. Po-
tato plants were sprayed with the preparations
once. Pest counts were carried out before treat-
ment and after treatment on the 5th, 10th, 15th
day on 10 potato plants of each replication in
accordance with the approved methods'. The
biological effectiveness of the preparations was
determined by the reduction in the number of
the pest adjusted for control and was calculated
using the Henderson and Tilton formula (see

footnote 1). Statistical data processing was car-
ried out according to B.A. Dospekhov?.

RESULTS AND DISCUSSION

In 2018, the number of potato ladybird lar-
vae before protective measures ranged from 6.9
to 15.0 ind./plant with a population of 69.3%
of plants. Larvae of the first - third instars were
present on the plants. In 2019, at the time of
treatment, young larvae prevailed on the plants
with numbers from 5.9 to 8.5 ind./plant with a
population of 78.7% of plants.

Avermectin-based preparations showed high
biological effectiveness against the potato lady-
bird. A significant initial effect was shown by
the bioinsecticide Fitoverm at the rate of ap-
plication of 0.16 1 / ha, ensuring the death of
93.3% of the larvae of the pest on the 5th day
after treatment. The effectiveness of the protec-
tive action of the drug remained at the level of
90.5-94.0% for 15 days. In the norm of appli-
cation of 0.07 1/ ha the effectiveness of bioin-
secticide in the years of research was signifi-
cantly lower and amounted to 79.7-84.7% on
the 5-15th day (see Table 1).

A rather high efficiency of 74.0-81.6%
against the larvae of the potato ladybird was
shown by another preparation based on aver-
mectins, Akarin. There was no significant dif-
ference in biological effectiveness between the
variants with different application rates (1.2
and 1.6 1/ ha).

Throughout the entire reference period, the
bioinsecticide kept the number of potato lady-
bird below the economic threshold of harm-
fulness. In the course of the research, it was
found that Fitoverm, in the norm of application
of 0.07 1 / ha, showed almost the same effec-
tiveness with the drug Akarin in regulating the
number of potato ladybirds, but in the norm of
application of 0.16 1/ ha the efficiency was sig-
nificantly higher. Fitoverm at this consumption
rate showed insecticidal activity at the level of
the chemical preparation Corado.

The effectiveness of microbiological prepa-
rations based on Bacillus thuringiensis on the

"Methodical guidelines for registration tests of insecticides, acaricides, molluscicides and rodenticides in agriculture. SPb.:

ARRIBPP, 2009. 321 p.

“Dospekhov B.A. Field experiment technique. M: Kolos, 1985.336 p.
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Tao6a. 1. DddexTnBHOCTH ONOMHCEKTHITUIOB POTHUB KapTo(helbHOM KopoBKH (cpemHee 3a 2018, 2019 rr.)

Table 1. Effectiveness of bioinsecticides against potato ladybird (average for 2018, 2019)

Average number of larvae, number. (on .
) average per one plant) Decrease in the number of pests
Preparation relative to the original, adjusted
Option ra_te O.f after treatment for control aftgr tregtment
application, | pefore by day of registration by day of registration, %
Vha treatment

5 10 15 5 10 15

Control - 7,2 8,4 8,2 5,9 - - -
Fitoverm, EC 0,07 9,2 2,2 1,4 1,4 81,7 84,7 79,7
Fitoverm, EC 0,16 6,7 0,7 0,9 0,4 93,3 90,5 94,0
Akarin, EC 1,2 6,8 2,2 2,0 1,7 74,0 75,3 74,2
Akarin, EC 1,6 8,6 3,0 2,3 1,8 74,4 80,5 81,6
Batsikol, FI. 15 8,0 3,7 2,2 0,7 63,8 80,5 87,7
Bitoxibacillin, FI. 15 8,7 3,1 2,0 1,5 69,2 84,7 84,5
Corado, SC 0,1 9,7 0,2 0,05 0,01 97,7 99,6 99,8
Fitoverm, EC + Corado, SC 0,03 + 0,03 7,5 0,3 0,08 0,2 96,8 99,3 97,0
Akarin, EC + Corado, SC 0,6 +0,03 8,0 0,6 0,1 0,01 92,0 97,7 99,8
Batsikol, F1 + Corado, SC 7,5+ 0,03 6,8 0,4 0,05 0,01 94,2 99,2 99,7
Bitoxibacillin, F1 + Corado, SC 7.5+ 0,03 7.8 0.9 0.08 02 90.8 99.2 977
LSD, — - - - - 8,3 5,5 6,0

5th day after treatment was marked significant-
ly lower. These preparations showed a low effi-
ciency 0f 56.6-61.0% in 2018. In the same year,
at the time of treatment, in addition to the larvae
of the first and second instars larvae of the third
instar were observed on the plants (in 2019,
only young larvae were present on the plants).
Weather conditions (frequent heavy rains dur-
ing the growing season) did not allow the treat-
ment to be carried out in time and subsequently
influenced the effectiveness of the preparations.
By the 10th day, in the variants with the use of
Batsikol and Bitoxibacillin, an increase in the
toxic effect was observed, the decrease in the
number of the pest was 80.5-84.7%. The effec-
tiveness of the protective action remained at the
level of 84.5-87.7% and on the 15th day after
treatment. By this time, significant differences
were noted in the biological effectiveness of
Batsikol with the preparations Fitoverm (0.07 1
/ ha) and Akarin (1.2 1/ ha).

The use of tank mixtures of chemical plant
protection products with biological products
helps to reduce the pesticide load. When using
preparations based on actinomycetes (Fitoverm

and Akarin), Bacillus thuringiensis (Batsikol
and Bitoxibacillin) and Corado (0.03 1/ ha), the
number of pests on the 5th day after treatment
decreased by 90.8-96.8%. On the 10-15th day,
almost complete death was noted (97.0-99.8%).
Tank mixtures of preparations showed efficien-
cy at the level of an insecticide at a consump-
tion rate of 0.1 1/ ha.

The use of chemical and biological prepa-
rations had an effect on the yield of potatoes,
the increase in the yield of potato tubers aver-
aged over 2 years from 2.3 to 4.6 t / ha, while
the control indicator was 26.0 t / ha (see Table
2). The largest yield increase of 3.8-4.6 t / ha
was obtained when Fitoverm was used at a con-
sumption rate of 0.16 1 / ha and the combined
use of biological preparations with an insecti-
cide.

CONCLUSION

The studies carried out confirm the prospects
of using preparations based on actinomycetes
(Fitoverm and Akarin) and Bacillus thuringien-
sis (Batsikol and Bitoxibacillin) in regulating
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Ta6a. 2. YpoxaifHOCTh KapTodens pu MPUMEHEHUH npenaparoB (cpennee 3a 2018, 2019 1)

Table 2. Productivity of potatoes with the application of preparations (average for 2018, 2019)

Experiment option Prepa.ratif)n rate of Average yield, t/ha Yield gain

application, I/ha t/ha %
Control - 26,0 - -
Fitoverm, EC 0,07 29,0 3,0 11,5
Fitoverm, EC 0,16 29,8 3,8 14,6
Akarin, EC 1,2 28,3 2,3 8,8
Akarin, EC 1,6 28,8 2,8 10,8
Batsikol, FL. 15 28,6 2,6 10,0
Bitoxibacillin, FI. 15 28,3 2,3 8,8
Corado, SC 0,1 30,2 42 16,2
Fitoverm, EC + Corado, SC 0,03 + 0,03 30,0 4,0 15,4
Akarin, EC + Corado, SC 0,6 +0,03 29.9 3,9 15,0
Batsikol, FI + Corado, SC 7,5+ 0,03 30,3 43 16,5
Bitoxibacillin, F1 + Corado, SC 7,5+0,03 30,6 4.6 17,7
LSD,, 3,0

the number of potato cows in Primorsky Krai. A
single application of bioinsecticides ensured a
decrease in the number of pests by 63.8-94.0%
and had an impact on the formation of the yield.

A high level of effectiveness of biologi-
cal products Fitoverm, Batsikol, Bitoxibacil-
lin, Akarin was observed when used together
with the insecticide Corado. In these variants, a
significant protective result (97.0-99.8%) was
noted on the 15th day after application. The ad-
dition of biological products to the insecticide
allows reducing the pesticide consumption rate
by 3 times without reducing the overall biologi-
cal effectiveness of the mixture, increasing the
yield by 15.0-17.7% and reducing the chemical
load on the agrobiocenosis.
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