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[Ipencrasiens! pe3ynbTaThl H3y4eHUs 3PPEKTUBHOCTH (DYHTHIIMIHBIX IPOTpaBUTEICH B OOpbOE
C KOPHEBBIMU THIWJISIMU W JINCTOCTEOETHHBIMU Oose3HsIMu con. MccnenoBanus nposenens! B lpu-
MopckoM kpae B 2019, 2020 rr. B ycnoBusax aenssHogHoro ombita. [Ipemapar Jlpmut Ilpo (x.B. mu-
paknoctpobus, 200 1/m) npumensu B HopMme pacxona 1,0 /T, Penuro [Ipo (11.B. mpoTHOKOHA30IT,
150 r/n + tebykonazon, 20 r/m) — 0,9 /1. Ilpenapars! UCMOAB30BANU [T TPOTPABIMBAHUS CEMSH
MOJYCYXHM cII0coO00oM Tepen moceBoM. Berseieno, uro Jpmut Ipo u Penuro Ipo He oxa3biBaroT
HEraTUBHOTO JICHCTBHSI HAa KYJIBTYPY U MOJOKUTEIHLHO BIHSIOT Ha BCXOXKECTh ceMsiH con. OTMedeHa
BBICOKAsA (PYHTULIUAHAS aKTHBHOCTH OTBITHBIX TIPOTPaBUTENEH B OTHOIIIEHNH KOPHEBBIX THHJIEH, TT0-
paxaromux KyneTypy. [Ipemaparsr criocoOcTBOBaM CHHYKEHUIO HHTEHCUBHOCTH Pa3BUTHS WH(DEK-
uui B ¢azy nserenus Ha 17,0% (Hamut I1po) u 24,9% (Pemuro Ilpo). 3ammrHOe AeiicTBUe mpe-
[IOCEBHOM 00pabOTKM ceMSH MPOTPABUTEIISIMU HPOSBISUIOCH TAK)KE B CHIDKCHHU MOPAKCHHOCTH
JrCTOCTEOCNBHBIMU 3a00JIEBAaHUSAMU. YCTaHOBICHO, YTO MpenapaTsl 00JaialoT BBICOKOW OHOJIOTH-
yeckoi 3¢ (eKTUBHOCTBIO TIPOTUB cenropuo3a (16,7-25,2%), uepkocnoposa (0—44,6) u nepoHo-
cniopo3a (29,5-87,5%). llpumenenne Jpmut I1po 1 Peauro IIpo criocobcTBOBaIO aKTHBHOMY POCTY
pacTeHui U NOBBILIEHUIO OCHOBHBIX [TOKA3aTeIeil NpoayKTUBHOCTU: Macchl ceMsiH Ha 0,1-0,6 1, ux
yucna Ha 1,4-2,8 wt. ¢ ogHOoro pacteHus, a Takxke Maccol 1000 cemsin Ha 8,5-9,3 . JlocToBepHbIe
npubasku ypoxkas 3epna 0,19 1/ra (2019 1) u 0,20 1/ra (2020 r.) HoNMy4YeHB! B BapUaHTE C UCTIONb-
3oBanueM nporpasurens Peauro [po. Ilpumensiemble nmpenaparbl CriocoOCTBOBAIN POCTY YPOBHS
penTabenbHOCTH Ha 222 1 564% COOTBETCTBEHHO.

KuroueBble ¢ji0Ba: cosl, MaTOTeH, TPHOHBIC 0OJIC3HH, MPOTPABHUTENH, 3PHEKTUBHOCTD, YpOKaii-
HOCTh

FUNGICIDAL PROTECTANTS DELETE PRO AND REDIGO PRO AGAINST
FUNGAL PHYTOPATHOGENS OF SOYBEANS
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The results of research into effectiveness of fungicidal protectants against root rot and leaf-stem
diseases of soybeans are presented. The study was carried out in the Primorsky Territory in 2019,
2020 in the conditions of plot experiment. Delete Pro (active agent pyraclostrobin, 200 g/I) was used
at a consumption rate of 1.0 1/t, Redigo Pro (active agent prothioconazole, 150 g/l + tebuconazole,
20 g/1) — 0.9 1/t. The preparations were used for seed treatment in a semi-dry way before sowing.
It was revealed that Delete Pro and Redigo Pro do not have a negative effect on the crop and have
a positive effect on the germination of soybean seeds. A high fungicidal activity of the protectants
used in the experiment was noted in relation to root rot affecting the crop. The chemicals helped
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to reduce the intensity of infections during the flowering phase by 17.0% (Delete Pro) and 24.9%
(Redigo Pro). The protective effect of pre-sowing seed treatment with protectants was also revealed
in reducing leaf-stem diseases. It was found that the chemicals have high biological effectiveness
against septoria (16.7-25.2%), cercosporosis (0—44.6%) and peronosporosis (29.5-87.5%). The use
of Delete Pro and Redigo Pro contributed to active growth of plants and an increase in the main
productivity indicators: seed weight by 0.1-0.6 g, seed number by 1.4-2.8 pcs from one plant, as
well as thousand-seed-weight by 8.5-9.3 g. Significant increase in grain yield of 0.19 t/ha (2019)
and 0.20 t/ha (2020) was obtained in the variant with Redigo Pro. The protectants used contributed
to the increase in the profitability level by 222 and 564%, respectively.
Keywords: soybean, pathogen, fungal diseases, protectant, efficiency, yield
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INTRODUCTION

Soybeans, one of the leading grain legume
crops in the world, are of great economic, en-
vironmental and social importance in the ag-
ricultural sector [1, 2]. The area occupied by
soybeans in world production is 123.5 million
hectares (the third place after wheat and rice).
Such widespread distribution of soybeans is as-
sociated with the versatility of its use as food,
fodder and industrial crops [3]. In Russia, soy-
beans are sown in 45 regions. The Far Eastern
Federal District accounts for 88% of the sown
area and 86% of the gross harvest of soybeans
[4, 5]. In 2020, 377.4 thousand tons of soybeans
were harvested in the Primorsky Territory from
an area of 252.6 thousand hectares with a yield
of 1.5t/ hal.

One of the main problems hindering the in-
crease in soybean yields is the harm caused by
pathogens [6]. More than 50 soybean diseases
have been identified in the world, about 30 of
them have a fungal etiology. They can both
negatively affect the state of soybean crops and
not cause significant damage to the crop [7, 8].
Fungal diseases of soybeans are widespread in

Primorye. Among them, the causative agents of
peronosporosis, septoria, cercosporosis, asco-
chitosis, and fusarial root rot are dominant [9].
Leaf-stem infections (septoria, cercosporosis,
peronosporosis) are especially dangerous as the
most harmful in the Primorsky Territory, since
they sharply reduce the assimilation surface of
plants, preventing them from realizing the po-
tential yield of the variety [10, 11].

Most soybean diseases are transmitted
through seed, since seeds are a complete nu-
trient medium for many microorganisms that
produce mycotoxins [12]. High contamination
of soybean seeds significantly reduces their
sowing qualities (energy, germination), leads
to damage to the root system by various types
of rot, significant shortfalls in grain yield and a
decrease in its quality [13].

An operative method of protecting seeds and
seedlings from damage by phytopathogenic
fungi is their treatment with fungicides [14].
Seed dressing is the most important strategic
technique for the formation of the optimal phy-
tosanitary state of crops, which contributes to
an increase in yield by 0.2-0.7 t / ha [15].

"Information on the progress of agricultural work in the regions of the Primorsky Territory as of December 16, 2020 // Data
of the Department of Agriculture and Food of the Primorsky Territory [Electronic resource]. 2020. Access mode: http: // agrodv.

ru/f/svodka/16_dekabrya 2020 g .xIsx.
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There are many drugs based on one to three-
component active substances of different class-
es on the modern market. Their use contributes
to obtaining healthy seedlings, even with an ini-
tially high level of seed infection. However, the
effectiveness of individual disinfectants varies
greatly depending on the type of disease. With
the widespread use of chemicals for plant pro-
tection, resistance of pests to pesticides arises.
In this regard, there is a need to create new
drugs or expand their range at the expense of
those registered in other cultures [16].

At present, given the high cost of high-qual-
ity dressing machines, there are violations in
the processing technology of the seed material.
It is important that the technique is correctly
calibrated. Often, in practice, the consumption
rate of the drug can be very different from the
planned one. It is possible for the disinfectant
to settle on the walls of the processing machine:
the consumption rate will be underestimated
and the drug will not show effectiveness. An
outdated or inaccurate technique applies liquid
preparations unevenly: most of the working so-
lution falls on the seeds that arrive first, the rest,
which enter the applicator (auger) later, remain
practically untreated. About 20-30% of the
seeds receive an excess of the chemical. From
this it can be concluded that it is necessary to
test drugs in high dosages.

In connection with the need for phytosani-
tary optimization of soybean cultivation tech-
nologies, it is important to form an assortment
of dressing agents that are effective against the
main pathogens of crop diseases.

The purpose of the work is to obtain experi-
mental data on testing the chemical preparations
Delit Pro and Redigo Pro as fungicidal dress-
ing agents for pre-sowing treatment of soybean
seeds against the main fungal phytopathogens;
to determine the effect of dressing agents on the
structure of soybean yield and crop productiv-

1ty.

MATERIALS AND METHODS

The studies were carried out in 2019, 2020
at the experimental field of the Far Eastern Re-
search Institute of Plant Protection. The soil of
the experimental site belongs to the subtype

of meadow-brown podzolized, medium loamy
in granulometric composition. Humus in the
soil is 3.8%, the reaction of the soil solution is
weakly acidic (pH 5.3).

Soil preparation was carried out according to
the agricultural technology adopted in the Pri-
morsky Territory: autumn plowing to a depth
of 18-20 cm, early spring harrowing, and two
cultivations. Sowing was carried out in a sin-
gle-line method with a row spacing of 45 cm.
The area of the experimental plot was 10.8 m?
(1.8 x 6 m), fourfold replication, the placement
of variants was randomized. Soybean variety -
Asuka, seeding rate - 110 kg / ha. Seeds were
treated before sowing in a semi-dry way. Ex-
periment scheme: control (without treatment);
Delit Pro, KS (d.v. pyraclostrobin 200 g / 1) at
a consumption rate of 1.0 1/ t; Redigo Pro, KS
(a.v. prothioconazole 150 g / 1 + tebuconazole
20g/D)-091/t.

The work is experimental. Redigo Pro, not
registered in the "List of pesticides and agro-
chemicals permitted for use in the Russian
Federation" on soybeans, but having a strong
suppressive effect on a wide range of various
pathogens of other crops was selected for the
study. The drugs were tested in overestimated
doses in order to assess not only the biological
effectiveness, but also the safety for the culture.
In agricultural organizations, drug overdose of-
ten occurs due to the use of etching equipment
with inaccurate dispensers.

During the growing season of soybeans,
manual weeding of experimental plots was car-
ried out. When conducting field experiments,
records, observation of growth and develop-
ment, statistical processing of data was car-
ried out in accordance with generally accepted
methodological recommendations .

The manifestation and intensity of devel-
opment of soybean diseases are largely deter-
mined by weather conditions. Growing seasons
2019 and 2020 were humid and warm, which
favorably influenced the spread of pathogens.
The amount of precipitation in June 2019
amounted to 144.4 mm, which is 63.7 mm high-
er than the average annual indicator (80.7 mm).
The air temperature varied from 16.7 to 18 °C.
The amount of precipitation in June 2020 was
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115.4 mm (29.2 mm more than the average an-
nual), the temperature was from 17.2 to 18.4 °
C. July of 2019 was very hot with temperatures
reaching 24.5 ° C with 121.4 mm of precipita-
tion per month. In 2020, in the third decade of
July, a drought was recorded: the total amount
of precipitation for the month did not exceed
69.8 mm at an average air temperature of 21.5
° C. August in both years of research turned out
to be wet: the total precipitation in 2019 was
225 mm, in 2020 - 209.4 mm, which is 59.5
and 54.5 mm, respectively, more than the aver-
age annual values. Such weather conditions led
to the rapid development and spread of root rot
and leaf-stem diseases in soybeans.

RESULTS AND DISCUSSION

Evaluation of the safety of higher doses
of preparations for soybeans showed that the
dressing agents do not have a negative effect
on the crop. On the contrary, the use of drugs
has a positive effect on seed germination. On
average, over 2 years of testing, the field germi-
nation of seeds in the control variant was 79%,

80 73,6
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50

36,2
0 40 36,7

30

20

10 1’4 9,7

0 —
Control ‘ Delit Pro, | Redigo Pro,
1,0 it 0,9 1t
Full shoots

Development intensity

when using the disinfectants Delit Pro and Re-
digo Pro - 80 and 83%, respectively (LSD 05 =
7%).

The use of fungicidal dressing agents Delit
Pro and Redigo Pro made it possible to signifi-
cantly reduce the intensity of root rot develop-
ment on soybeans. Both drugs had a healing ef-
fect on soybean seedlings (see Fig. 1).

The biological efficiency of Redigo Pro in
the full germination phase was 73.6%, in the
flowering phase - 41.4%. The use of this disin-
fectant made it possible to significantly (rela-
tive to control) reduce the degree of pathogen
development: by 3.8 times (full shoots) and
1.7 times (flowering). The effectiveness of
Delit Pro against root rot turned out to be low
(28.2%) and was recorded only in the soybean
flowering phase.

The first signs of leaf-stem diseases in soy-
beans were noted in the second decade of June
in the phase of the appearance of the third tri-
foliate leaf, the maximum development of the
disease - by the end of August. During the study
period, such leaf spots as septoria (Septoria
glycines Hemmi), cercosporosis (Cercospora

60,2
432 41,1
35,3
28,2
Control | Delit Pro, | Redigo Pro,
1.0 11t 0,9 I/t
Flowering

M Biological efficiency

Puc. 1. IHTEHCUBHOCTb Pa3BUTHUS KOPHEBBIX THUIEH COM U Ononornyeckas 3pQpeKTUBHOCTh NPOTPABHU-

tenei (cpennee 3a 2019, 2020 rT.)

Fig. 1. Intensity of development of soybean root rot and biological effectiveness of the protectants

(average for 2019, 2020)

“Dospekhov B.A. Field experiment technique. M.: Agropromizdat, 1985.351 pp.
3Korsakov N.I., Ovchinnikova A.N., Mizeva V.I. Study of the resistance of soybeans to fungal diseases: method. directions.

L.: VIZR, 1979.46 pp.

*Chumakov A.S., Minkevich LI., Vlasov Yu.l. The main methods of phytopathological research: scientific works. Moscow:

Kolos, 1974.190 pp.

SJames B. Sinclair. Compendium of Soybean Diseases. St.Paul, Min, 1982, 104 p.
®Methodical instructions for registration tests of fungicides in agriculture. SPb.: VIZR, 2009.378 p.
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sojina Hara), ascochytosis (Ascochyta sojae-
cola Abramov) and peronosporosis (Peronos-
pora manshurica (Naum.) Syd.) were recorded.
Septoriosis manifested itself in the phase of the
third trifoliate leaf on primordial leaves. On
average, the development of the disease in the
control during the growing season was in the
range of 6.1-41.0% (see Table 1). The overall
assessment of the intensity of the growth of in-
fection and its harmfulness is the relative indi-
cator of AUDPC, which is a graphical display
of the area under the curve of the development
of the disease during the growing season. The
greater its value, the more intensive the growth
of the disease occurs in the culture. Judging by
the AUDPC indicator (area under disease prog-
ress curve, c. u.), the development of the disease

in the variant with the use of Delit Pro was 1.3
times less than in the control. The biological ef-
fectiveness of the drug was 25.2% (see Fig. 2).
The years of research were favorable for
the development of cercosporosis. For the first
time, the disease was noted in the phase of
three trifoliate leaves. It was found that Delith
Pro had no protective effect against the disease.
Redigo Pro, on the other hand, significantly re-
duced the development of cercospora, while the
biological efficiency was 44.6% (see Fig. 2).
Ascochitosis was registered in the phase
of three trifoliate leaves in the form of single
spots. In the control variant, the intensity of de-
velopment on average for the growing seasons
of 2019, 2020. varied from 0.1 to 2.8% (see
Table 1). It is impractical to evaluate the bio-

Ta6a. 1. Brustane nporpaButesneit Ha HHATCHCUBHOCTD PAa3BUTHS JINCTOCTEOCTHLHBIX OOJIE3HEH CON

(cpemuee 3a 2019, 2020 rT.)

Table 1. Effect of the protectants on the intensity of development of soybean leaf-stem diseases

(average for 2019, 2020)

Vegetation phase
Experiment option Threle; ;r\jg(s)liate Flowering Beans plumpness | Maturation start AUDPC, c. u.
Disease growth rate, %
Septoria blight
Control 6,1 14,4 243 41,0 1280,9
Delit Pro, 1,01/t 2,2 5.4 22,9 40,9 958,3
Redigo Pro, 0,91/t 3,0 12,5 17,1 18,8 1066,7
LSD, 3.4 4,9 1,1 3,0 137,2
Cercospora blight
Control 0,0 0,2 5,6 12,3 215,7
Delit Pro, 1,01/t 1,0 0,8 14,2 33,9 241,2
Redigo Pro, 0,91/t 0,0 0,4 2,7 5,1 119,6
LSD 0,0 0,7 2,1 3,9 64,9
Ascochyta blight
Control 2,8 0,4 0,1 0,7 34,5
Delit Pro, 1,01/t 0,0 0,0 0,0 1,1 13,5
Redigo Pro, 0,91/t 0,0 0,2 0,0 0,6 9,5
LSD,, 0,0 0,6 0,5 0,5 245
False mildew

Control 0,0 6,3 10,8 33,0 823,2
Delit Pro, 1,01/t 0,0 0,0 5,2 10,3 580,5
Redigo Pro, 0,91/t 0,0 0,0 1,1 4,2 102,6
LSD,, 0,0 2,0 5,4 4,4 68,2
44 Siberian Herald of Agricultural Science * 2021 * 51 « 2 Plant protection
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logical effectiveness of drugs at such low rates
of disease development, since the behavior of
the disinfectants at a high infectious load is un-
known.

Weather conditions in late July - early Au-
gust were favorable for the development of
downy mildew. For the spread of the pathogen's
conidia, rains, prolonged fogs or abundant dew
are necessary, when water droplets remain on
the leaves for at least 5 hours.

The damage of adult plants was observed in
a local form. For the first time, the disease was
recorded in the flowering phase on the leaves
of the upper tier in the control variant with a
development rate of 6.3%. In the experimen-
tal variants, the pathogen manifested itself in
the phase of filling the beans, the degree of its
development was 5.6% (Delit Pro) and 9.7%
(Redigo Pro) less than in the control. By the
beginning of the ripening of the beans, perono-
sporosis in the control variant exceeded the es-
tablished threshold of harmfulness (25%), but
the disinfectants continued to effectively con-
trol the disease. The drug Redigo Pro (87.5%)
had the highest biological effectiveness against
peronosporosis (see Fig. 2) 7.

The analysis of the sheaf material showed
the presence of quantitative differences in some
structural elements of the crop. The height of

100,0
90,0
80,0
70,0
60,0
50,0
40,0
30,0

25,2
20,0 16,7
10,0

Septoria

Delit Pro, 1,0 I/t

soybean plants on average for 2 years was the
maximum with the pre-sowing treatment of
seeds with Delit Pro, 3.6 cm more than in the
control. In the variant with the use of Redigo
Pro, no changes in this indicator were noted
(see Table 2).

The size of the yield depends on many in-
dicators, among which the characteristic of the
structure of its commercial part occupies an
important place. The Redigo Pro preparation
stimulated an increase in the mass of seeds (by
0.6 g) and their number (by 2.8 pcs.) From one
plant in comparison with the unprotected vari-
ant. Both preparations significantly increased
the thousand-seed-weight (see Table 2).

Correlation analysis of research results
showed that the relationship between the yield
of soybeans and the intensity of development
of the main fungal phytopathogens, such as
septoria (r = —0.57), cercosporosis (r = —0.82),
ascochitosis (r =-0.89), root rot (r =—0.94) and
peronosporosis (r = —1.00), characterized as
moderate and strong negative.

In the control variant, on average for 2 years,
the lowest yield (1.64 t / ha) was obtained than
with the use of dressing agents, which had an
effective suppressive effect on crop diseases. In
the variant with the use of Redigo Pro, a sig-
nificant increase in yield was obtained (0.19—

87,5
44,6
29,5
0,0

Cercosporosis

Peronosporosis

M Redigo Pro , 0.9 1/t

Puc. 2. buonornueckast 53pQeKTUBHOCTD NPENapaToB MPOTUB JTUCTOCTEOCTBHBIX 00JIe3HEN cou (CpeaHee

3a2 2019, 2020 rr.)

Fig. 2. Biological efficacy of the chemicals against leaf-stem diseases of soybeans (average for 2019,

2020)

"Review of the phytosanitary state of agricultural crops in 2018 and the forecast of the development of harmful objects in
2019 / FSBI "Russian Agricultural Center", Branch of FSBI "Rosselkhoztsentr" in the Primorsky Territory. Vladivostok, 2019.72 p.
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Taba. 2. Biausiaue npenaparoB Ha CTPYKTYpHBIC dJIeMEHTHI ypokas (cpemuee 3a 2019, 2020 rr)
Table 2. Influence of the protectants on the structural elements of the crop yield (average for 2019,

2020)
Experiment Preparation . Number of seeds per Seed weight Thousand-
. . Plant height, cm :
option consumption rate, 1/t one plant, pcs. from one plant, g seed-weight, g

Control - 56,4 19,5 3,1 154,4
Delit Pro 1,0 60,0 20,9 3,2 162,9
Redigo Pro 0,9 56,3 22,3 3,7 163,7
LSD, 2,5 2,0 0,4 32

0.20 t / ha). When using Delit Pro, there was
a tendency to increase the yield relative to the
control, but the increase turned out to be insig-
nificant: 0.08 t / ha in 2019 and 0.11 t / ha in
2020 (see Table 3).

High values of net income indicate the cost-
effectiveness of experience options. This in-
dicator, taking into account prices for 2020,
amounted to 2.3 thousand rubles / ha (Delit
Pro) and 5.9 thousand rubles / ha (Redigo Pro).
The level of profitability increased relative to
control by 222% (Delit Pro) and 564% (Redigo
Pro).

CONCLUSION

In the course of the two-year tests of fungi-
cidal dressing agents, it was found that in the
agro-climatic conditions of the Primorsky Ter-
ritory, pre-sowing treatment of soybean seeds is
a highly effective way of protecting against root
rot and leaf-stem diseases. The use of Delit Pro
(1.0 1/t) and Redigo Pro (0.9 1/ t) preparations
contributed to the active growth of plants and
an increase in the main elements of the yield
structure: plant height, seed mass and their

Taoa. 3. Biusnue npenaparoB Ha yposKaltHOCTh
cou, T/ra

Table 3. Effect of the protectants on the soybean
yield, t/ha

Option 2019 2020 Mean
Control 1,52 1,76 1,64
Delit Pro, 1,01/t 1,60 1,87 1,74
Redigo Pro, 0,91/t 1,71 1,96 1,84
LSD,, 0,12 0,15

number per plant, as well as 1000 seeds. In the
experimental variants, a tendency to an increase
in yield relative to control was noted.
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