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Abstract. Experiments on comparative assessment of effectiveness of bioagents to control the most significant
fungal diseases were carried out on crops of potato breeding line in the Zernograd district, Rostov region.
Biofungicide Metabakterin, WP based on Methylobacterium extorquens NVD VKM B-2879D + Validamycin
Streptomyces hygroscopicus subsp. limoneus VKPM AC-1966 + Bacillus subtilis VKPM B-2918 IPM 215
and biofungicide Vitaplan based on Bacillus subtilis, strain VKM-B-2604D + Bacillus subtilis, strain VKM-
B-2605D were studied in the research. The results showed that Metabakterin, WP at the rate of 80 g/ha was the
most effective for control of early blight, late blight, fusarium dry rot and rhizoctonia canker on potatoes, while
protection period of the biofungicide against these fungal diseases ranged from 19 to 27 days. It was noted that
application rate of 80 g/ha of Metabakterin, WP provided the maximum increase in potato yield.
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Introduction

Potato occupies one of the first places among crops in dry matter production per unit
area, while its tubers are a universal product and the main source of vitamin C. The im-
portance of potatoes as one of the main food crops of the Russian Federation can hardly
be overestimated; the average annual consumption of this crop only for food is estimated
at 15 million tons. However, a large share of the market today is represented by foreign
cultivars, especially for seed planting material, which is a serious challenge to the country’s
food security. Therefore, according to the plan of the Ministry of Agriculture of the Rus-
sian Federation, half of seed potatoes should be produced in Russia by 2025. Among the
tasks of modern potato breeding, in addition to creating highly productive varieties with
high taste qualities, the seed production program indicates the mandatory adaptability of
varieties to biotic and abiotic factors when cultivated in various climatic conditions [1, 2].

The problem of adapting planting material obtained in vitro to open ground conditions
is not only in successful survival of plants, but also in their ability to withstand stress
caused by a complex of secondary phytopathogens, among which the most harmful to
potatoes are early blight, late blight, fusarium dry rot and rhizoctonia canker' [3-6].
Chemical fungicides, conventionally used to control pathogenic microbiota, often cre-
ate additional stress for young plants [7, 8], while in order to preserve agronomic traits
of crop, especially in selective crops, it is preferable to use non-chemical methods for
controlling phytopathogens to reduce the pesticide load on plants and improve physio-
logical and biochemical parameters of the final product [2, 9, 10].

The purpose of the study was to evaluate the effectiveness of Metabakterin, WP
and Vitaplan for biological control of early blight, late blight, fusarium dry rot and
rhizoctonia canker on potato breeding lines and their influence on crop yield formation.

Materials and methods

In controlling mycoses on potatoes, the most commonly used non-chemical product
is Vitaplan based on Bacillus subtilis, strain VKM-B-2604D + Bacillus subtilis, strain
VKM-B-2605D at a recommended application rate of 20 g/ha. Vitaplan and Metabak-
terin, WP based on Methylobacterium extorquens NVD VKM B-2879D + Validamycin
Streptomyces hygroscopicus subsp. limoneus VKPM AC-1966 + Bacillus subtilis VKPM
V-2918 IPM 215 were used when developing a system for controlling the most significant
diseases on potatoes in open ground conditions.

To evaluate the effectiveness of bioagents Metabakterin, WP and Vitaplan, the studies
were carried out on crops of potato breeding line in the Zernograd district of the Rostov
region. The experiment consisted of four replications of four experimental plots (25 m?)
with a sequential arrangement in accordance with the Guidelines for Registration Testing
of Fungicides in Agriculture?.

" Gannibal F.B. Monitoring al’ternariozov sel’'skokhozyaistvennykh kul'tur i identifikatsiya gribov roda Alternaria
[Monitoring of Alternaria diseases of agricultural crops and identification of fungi of the genus Alternaria]. Saint-
Petersburg; 2011. (In Russ.).

2 Dolzhenko VI. Metodicheskie ukazaniya po registratsionnym ispytaniyam fungitsidov v sel'skom khozyaistve:
metodicheskoe posobie [Guidelines for registration testing of fungicides in agriculture]. Saint-Petersburg; 2011. (In Russ.).
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Pre-planting treatment of tubers was carried out with Metabakterin, WP based on
active ingridient Methylobacterium extorquens NVD VKM B-2879D + Validamycin
Streptomyces hygroscopicus subsp. limoneus VKPM AC-1966 + Bacillus subtilis VKPM
V-2918 IPM 215 with a titer concentration of at least 10" CFU/g + 0.5 g/kg + titer of
at least 10! CFU/g at the rate of 15 g/t and 20 g/t. Subsequent treatments of vegeta-
tive plants were carried out by spraying three times during the growing season after
the appearance of 2—4 true leaves and then with an interval of 12—14 days at the rate
of 40+40+40 g/ha and 80+80+80 g/ha. Pre-planting treatment of tubers with Vitaplan
titer 10'° + 101° CFU/g Bacillus subtilis, strain VKM-V-2604D + Bacillus subtilis,
strain VKM-V-2605D was carried out at a rate of 20 g/t, followed by three treatments
of vegetative plants after the appearance of 2—4 true leaves and then with an interval
of 12—14 days at the rate of 20+20+20 g/ha. Treatments with the biofungicides were
carried out using a backpack pump sprayer “Zhuk Optima” with a spray mix volume
rate of 300 L/ha (Table 1).

Table 1
Scheme of the experiment to evaluate effectiveness of Metabakterin, WP
Variant Treatment Application rate
1 Metabakterin, WP 15 g/t + (40 + 40 + 40 g/ha)
2 Metabakterin, WP 20 g/t + (80 + 80 + 80 g/ha)
Vitaplan, titer 10" +10'° CFU/g Bacillus subtilis,
3 strain VKM-B-2604D + Bacillus subtilis, strain VKM-B-2605D 20 g/t + (20 +20 g/ha)
4 Control (no treatment) -

Potato harvesting was carried out manually from 10 plants, 3 rows of each plot. The
results of field experiments, as well as harvest data, were statistically analyzed using
the MS Excel.

Results and discussion

The following fungal diseases were found on potato crops: early blight (Alter-
naria sp.), late blight (Phytophthora sp.), fusarium dry rot (Fusarium sp.) and rhizocto-
nia canker (Rhizoctonia sp.), which are typical mycosis for the crop [2, 4, 5, 8, 11-14].
Biological efficiency of Metabakterin, WP at the rate of 40 g/ha against Alternaria was
78.1 %. At the same time, increase in the application rate to 80 g/ha increased efficiency
to 81.2 %. Vitaplan at the rate of 20 g/ha controlled the development of Alternaria blight
at 77.5 %. In addition to the bacterium Bacillus subtilis, which is the main active com-
ponent of Vitaplan, Metabakterin, WP also includes Methylobacterium extorquens and
Streptomyces hygroscopicus subsp., which ensures a higher effectiveness of the biofun-
gicide. A complex of two bacterial genera and an actinomycete is capable of suppressing
phytopathogenic microbiota to a greater extent than monocomponent biological products.
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To control late blight, Metabakterin, WP at the rate of 40 g/ha showed 73.2 % effi-
ciency, increase in the application rate to 80 g/ha led to increase in efficiency to 80.3 %.
At the same time, efficiency of Vitaplan at the rate of 20 g/ha was at the level of 71.8 %.

Efficiency of Metabakterin, WP against Fusarium at a consumption rate of 40 g/ha
was 69.3 %. Thus, it was close to Vitaplan application at the rate of 20 g/ha, wich ef-
ficiency was 68.2 %. Further increasing the application rate to 80 g/ha did not lead to
a significant increase in efficiency, amounting to 70.2 %.

In controlling rhizoctonia canker, Metabakterin, WP at the rate of 40 g/ha
showed 67.3...68.2 % efficiency, which was lower compared to Vitaplan 20 g/ha with
68.4...69.38 % efficiency. When application rate was increased to 80 g/ha, effectiveness
of Metabakterin, WP increased to 71.4...73.2 %. (Tables 2 and 3).

The yield increase obtained in the variant with Metabakterin, WP at the rate of
40 g/ha was 10.9 %, increasing the application rate to 80 g/ha provided 13.9 % yield
increase, using Vitaplan increased yield by 11.7 % compared to the control (Table 4).

Table 2

Efficacy of Metabakterin, WP against early blight, late blight,
fusarium dry rot canker on potato breeding line, Rostov region, 2023

Dates of treatments: 5 and 27 May; 10 and 24 June

Early blight Late blight Fusarium dry rot

05.06 15.06. 25.06. 15.06. 25.06. 25.06. 05.07

Variant

Application rate, L/ha
Number of treatments

Progression, %
Efficacy, %
Progression, %
Efficacy, %
Progression, %
Efficacy, %
Progression, %
Efficacy, %
Progression, %
Efficacy, %
Progression, %
Efficacy, %
Progression, %
Efficacy, %

Metabakterin, WP 40

(15 g/t + (40+40+40 g/ha) g/ha 4|68 (638| 94 (628 7.6 (78142 (669 | 56 |732| 6.2 |70.9|9.3|69.3

Metabakterin, WP 80

(20 g/t + (80+80+80 g/ha) g/ha 4|56 (702| 80 (68465 (81224 (811 41 |803| 55 |742|9.0|70.2

Vitaplan, titer 10" +10™
CFU/g Bacillus subtilis, strain 20
VKM-B-2604D + g/ha 4 (58 (691|833 |672| 78 |775|36 (71.6| 59 |71.8| 6.1 [71.4|9.6 682
+ Bacillus subtilis,

strain VKM-B-2605D

Control (without treatment) - | —[188| — [253| — [346| — [127| — | 209 | — | 213 | — |302| —
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Table 3

Efficacy of Metabakterin, WP against rhizoctonia canker on potato breeding line, Rostov region, 2023

Dates of treatments: 5 and 27 May; 10 and 24 June
Rhizoctonia canker
. Application Number of
Variant rate, L/ha treatments 25.06 05.07
Progr;ssmn, Efficacy, % Progr;sswn, Efficacy, %
Metabakterin, WP
(15 g/t + (40+40+40 g/ha) 40 g/ha 4 6.4 67.3 10.7 68.2
Metabakterin, WP
(20 g/t + (80+80+80 g/ha) 80g/ha 4 5.6 714 9.0 73.2
Vitaplan, titer 1010 +1010 CFU/g
Bacillus subtilis, strain
VKM-B-2604D + Bacillus subtils, 20g/ha 4 62 684 103 693
strain VKM-B-2605D
Control (without treatment) - - 19.6 - 336 -
Table 4
Productivity of potato breeding line after application of Metabakterin,
WP (Rostov region, 2023)
Productivity by replications, t/ha Average productivity
Variants
1 2 3 4 t/ha % to control

Metabakterin, WP
(15 g/t + (40+40+40 g/ha) 25.0 25.8 25.8 25.9 25.6 110.9
Metabakterin, WP
(20 g/t + (80+80+80 g/ha) 23.9 27.2 28.4 25.8 26.3 113.9
Vitaplan, titer 1010 +1010 CFU/g
Bacillus subtilis, strain
VKM-B-2604D + Bacillus subtilis, 238 255 27.8 26.1 25.8 m.7
strain VKM-B-2605D
Control (without treatment) 20.0 231 24.5 24.8 231 100

LSD(05) % = 2.59

Conclusions

Results of the experimental comparison of Metabakterin, WP and Vitaplan effec-
tiveness for control of early blight, late blight, fusarium dry rot, rhizoctonia canker on
crops of potato breeding line and their influence on productivity led to the following
conclusions:

1) use of Metabacterin, WP biofungicide at the rate of 80 g/ha provides the maxi-
mum increase in potato yield;

2) protection period of Metabakterin, WP against early blight, late blight, fusarium
dry rot and rhizoctonia canker amounts 19, 22, 21 and 27 days;
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3) due to multicomponent composition, Metabakterin, WP at the rate of 80 g/ha is
most effective for controlling early blight, late blight, fusarium dry rot and rhizoctonia
canker on potatoes.
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OueHka 3a¢p¢peKTUBHOCTM BuonpenapaToB AJ11 KOHTPons
Hanbonee 3HaYMMbIX MMKO30B Ha nocagkax kaprodens

E.H. Hakuna' -~ = C.HL Ikypkun® ~, M.T. Myxuna?

'Poccuiickuii yHUBepCUTeT APY>KObI HapoAoB, 2. Mockea, Poccutickas ®edepayus
’BcepoCCHIICKUI HayYHO-HCCIIeI0BaTe/TbCKUN MHCTUTYT arpoxuMunt UM. [1.H. TIpsiHUIITHUKOBA,
2. Mockea, Poccutickass @edepayus
P e-pakina@yandex.ru

AnHoTanus. OmbITE [0 CPaBHUTENTBHOH OLieHKe 3 GeKTHBHOCTH GHOJIOrYeCcKUX rpernapaToB MeTabakre-
puH, CIT Ha ocHoBe fieficTBytomero BerjectBa Methylobacterium extorquens NVD BKM B-2879D + BanmuamuipHa
Streptomyces hygroscopicus subsp. “limoneus” BKIIM AC-1966 + Bacillus subtilis BKITM B-2918 UTIM 215
v Burarian Ha ocHoBe Bacillus subtilis, mramm BKM-B-2604D+ Bacillus subtilis, mramm BKM-B-2605D aist
KOHTpOJIs Hanbosiee 3HaUMMBIX IPUOHBIX 00s1e3Hel MPOBOAMIIICE Ha TI0CAZiKaX CeleKLIMOHHOMN JTMHUHN KapTode-
7151 B 3epHOTPaZicKoM paiioHe PocToBCKo# o6sacTy. YcTaHOB/IEHO, uTo npenapat Mertabakrepus, CIT B Hopme
pacxoza 80 r/ra okasascst Harbonee 3 QeKTUBHBIM [i71s1 KOHTPOJIS aJIbTepHapro3a, putodroposa, ¢y3aprosa
Y PU30KTOHHO03a Ha KapTodesie, TIPY 3TOM NePUOZ, 3alL{UTHOTO /1eiCTBYS Iperapara MpoTHUB 3TUX TPUOHBIX 60-
nie3Hel coctaBui ot 19 o 27 aueit. OTMeueHo, UTO JaHHast HOpMa pacxozia MertabakrepuHa, CIT obecrieuria
MaKCHMaJIbHYI0 TIPHOABKY ypO>KalHOCTH KapTogeris.

KiiroueBble ¢/10Ba: ajbTepHapHo3, GuTohTopo3, (y3apro3, pu3okToHH03, MeTabakTepyH, BuraniaHn

3asB/eHHe 0 KOHQUIMKTe HHTepecoB. ABTOPbI 3asIB/IAIOT 00 OTCYTCTBUM KOH(/IMKTa MHTepecoB. ITpenapar 6b11
TNpeJiCTaB/IeH JJIsl HAyYHBIX UCC/Ie/J0BAaHUH C 11e/IbI0 TIPOBE/IeHNs JaIbHEHIINX perucTpaliiOHHbIX UCTIbITaHUH.

®dunaHcupoBaHue. biarogapHocru. ITybnvkarys moarotTosaeHa NpH nojjep)kke MuHobpHayku Poccumn
(npoekt FSSF-2023-0015).

Hcropus cratbu: nocTtynuia B pefakuyio 20 oktsiops 2023 r., mpuHsTa K mybmikarmu 15 Hosopst 2023 1.
Jnst purupoBanus: ITakuna E.H., IIkypkun C.H., Myxuxia M.T. OueHka 3¢ ¢eKTHBHOCTH OHoTperapaToB
JU1s1 KOHTPOJIsl Hanboee 3HAUMMBIX MMKO30B Ha Nocazikax Kaptocdess / BectHuk Poccuiickoro yHuBepcuTeTa

Ipy>x0b1 HapozoB. Cepuisi: ATpoHOMUST U )KUBOTHOBOZACTBO. 2023. T. 18. Ne 4. C. 501—507. doi: 10.22363/2312-
797X-2023-18-3-501-507

PESTICIDES. LOOKING TO THE FUTURE 507


https://orcid.org/0000-0001-6493-6121
mailto:e-pakina%40yandex.ru?subject=%D0%9F%D0%B0%D0%BA%D0%B8%D0%BD%D0%B0%20%D0%95%D0%BB%D0%B5%D0%BD%D0%B0%20%D0%9D%D0%B8%D0%BA%D0%BE%D0%BB%D0%B0%D0%B5%D0%B2%D0%BD%D0%B0
https://orcid.org/0000-0002-7123-4213
https://orcid.org/0009-0006-7901-6858
mailto:e-pakina%40yandex.ru?subject=%D0%9F%D0%B0%D0%BA%D0%B8%D0%BD%D0%B0%20%D0%95%D0%BB%D0%B5%D0%BD%D0%B0%20%D0%9D%D0%B8%D0%BA%D0%BE%D0%BB%D0%B0%D0%B5%D0%B2%D0%BD%D0%B0

