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the soybean plant and seed damage by pathogens

Abstract. Soybeans are a strategic leguminous crop for global agriculture and play an important
role in ensuring food security in many countries. Therewith, biotic factors, in particular, pathogens
prevent obtaining a rich and high-quality yield of the crop. Their control is conducted using various
methods and technques. However, with an excessive increase in the use of chemical protective
equipment, the environmental situation in agrocenoses becomes more complicated. Therefore, it
is important to reduce the pesticide load in crop cultivation technologies. The purpose of the study
is to assess the effect of the Pseudomonas fluorescens bacteria and stimulating substances on
soybean plant productivity and seed damage by pathogens. The experiments were conducted in the
conditions of the Ukrainian scientific-research station on plant quarantine of the Institute of Plant
Protection of the National Academy of Agrarian Sciences of Ukraine. The soil of the experimental
plot is grey forest heavy-loamy. The Ksenia soybean variety was used in the study. Field studies were
conducted according to generally accepted methods. Soybean crops were sprayed during the growing
season in the following periods: true three-leaf, flowering, and bean formation. For the treatment
of soybean plants, a preparation based on the Pseudomonas fluorrescens bacteria with a titrant of
3x10° CFU/cm? was used with a consumption rate of 5.0 I/ha per use in combinations with substances
of stimulating action. Over the years of research, the amount of precipitation (in certain months of
soybean vegetation) was higher than the average monthly perennial norm. Pre-harvest desiccation
of crops was not conducted. Phytopathological examination of seeds obtained from soybean plants
for various treatment options was conducted in accordance with DSTU 4138-2002. Studies show a
positive effect of the drug based on P. fluorescens and substances of a stimulating nature on biometric
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indicators of soybean plants and their productivity. In particular, the weight of 1000 seeds in variants
with spraying plants increased in the range from 16 to 66 g. Joint application on soybean crops of
P. fluorrescens together with substances of the group of ammonium salts of dihydropyrimidine
and stimulating substances provided an increase in the yield of soybean seeds up to 11 t/ha. There
was also a decrease in infection of soybean seeds with pathogens of Fusarium, Alternaria and
penicillosis - Fusarium oxysporum Schlecht, Alternaria spp., and Penicillium expanum Link fungi.
The investigation of the immunoprotective and stimulating effects of combinations of biocomplexes
is promising for the development of environmentally safe measures to increase soybean yield and

reduce seed damage by pathogens

Keywords: bacteria; plant productivity, seed infestation; fungi

RELEVANCE

Soy (Glycine max (L) Merrill) is a strategic legu-
minous crop for global agriculture. Its seeds
are one of the few complete plant-based pro-
tein products with nine essential amino acids
(Michelfelder A.J.,2009). Soy plays an important
role in the food security of many countries and is
used for feed, food, technical, and other purpos-
es (Cherenkov A.V. et al., 2014)

In different countries, soybean acreage has
been growing dynamically over the past decades
(Babych A.A. Babych-Poberezhna A.A.,2012). The
leaders in its production are mainly the coun-
tries of South America, in particular, Argentina,
Paraguay, and Brazil (De Maria M. et al, 2020).
Ukraine is among the top ten leading coun-
tries (Berbenets O.V. 2019). Therewith, diseases
prevent obtaining a high yield of high-quality
soybean grain (Pikovskyi M.L,, Kyryk M.M., 2012;
Baetsen-Young, A.M., Swinton S.M,, Chilvers M.I,
2021; Diaz-Cruz G.A., Cassone B]J., 2021). Their
control is conducted using various methods and
techyniques (Dorrance A.E. et al, 2009; Kurle
James, Grau Craig, Oplinger Edward, Mengistu
Alemu, 2001; Reznikov S. et al., 2019). However,
with an excessive increase in the use of chem-
ical protective equipment, the ecological situa-
tion in agrocenoses becomes more complicat-
ed due to the violation of natural processes of
harmonious coexistence of representatives of
natural biota. Therefore, the issue of biologisa-
tion of plant protection is relevant (Baranov VEF,
Makhonin VL., 2014).
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ANALYSIS OF RECENT STUDIES
AND PAPERS

Various methods can be used to prevent, reduce,
or control plant diseases, including chemical
pesticides that can pollute the environment.
Therefore, as an alternative to crop cultiva-
tion technologies, there is the development of
biological agents (Chandrashekara K.N. et al,
2020). Studies of the effect of antagonist mi-
crobes against soy pathogens are being con-
ducted in different countries of the world. In
particular, the activity of the Rhizobium japon-
icum bacteria was evaluated against Fusari-
um solani and Macrophomina phaseolina soil
pathogens - pathogens of root rot. It was iden-
tified that rhizobial culture filtrate caused in-
hibition of radial growth of phytopathogens in
vitro. Sowing with seeds treated with bacterial
culture (with the introduction of F solani and
M. phaseolina infection into the soil) substan-
tially increased seed germination and caused a
substantial decrease in the intensity of root rot
development in the field. These results indicate
thatR. japonicum may be an important element
for disease control (Alani Rakib et al., 2012).
Arfaoui et al. (2018) evaluated bacteria ex-
tracted from rhizosphere soil and rhizoplanes
of healthy soybean plants and investigated their
antifungal effect against Phytophthora sojae soy-
beanisolates. Among those tested, nine bacteria
were identified (belonging to Paenibacillus and
Streptomyces sp.), which inhibited the hyphal
growth of P. sojae in vitro. Therewith, the use of
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bacterial strain S11 for seed treatment reduced
the development of the disease by 571% and
increased the mass of roots and shoots by 140
and 108%, respectively, compared to the control
(Arfaoui A. et al., 2018).

Potential research is also being conducted
on Pseudomonas sp. as a biocontrol agent for
soybean diseases caused by soil pathogens. in
particular, Pseudomonas sp. CRB suppressed
growth of pathogenic fungi (Sclerotium rolfsii,
Fusarium oxysporum, and Rhizoctonia solani)
in vitro by 111-60.0%. Therewith, CRB-16, CRB-
44, CRB-86, CRB-102, and CRB-109 isolates are
promising for the development of biological
protection (Susilowat Ari et al., 2013).

Gram-positive  bacterium  Paenibacil-
lus BRF-1, showed strong antifungal activity
against the brown stem rot pathogen soy fun-
gus Phialophora gregata. Seed treatment also
provided better growth of plant shoots (Zhou
Kegqin et al., 2008).

Against the causative agent of soy anthrac-
nose (Colletotrichum dematium fungus (Pres.
Ex.Fr,)) antagonism of the Trichoderma lignorum
and Trichoderma viride fungi and the Bacillus
megaterium and Bacillus brevis bacteria was
established. They inhibited the linear growth of
C. dematium, and culture filtrates of the corre-
sponding bioagents inhibited the germination
of pathogen spores. Spraying soybean plants
with antagonist suspensions or their culture fil-
trates resulted in a substantial reduction in the
development of the disease (Jahan Akida et al.
2015). There is also information about the ability
of Trichoderma spp. to suppress soybean stem
rot caused by Sclerotinia sclerotiorum (Zhang
Fuli et al., 2016).

In the conditions of Ukraine, the effective-
ness of preparations of biological origin for
growing soybean plants was investigated. It was
noted that combinations of Trichodermin (2 1/t) +
Gaubsin (1.51/t) and phytodoctor (1.01/t) + Tricho-
dermin (2 1/t) had the greatest effect on fungal
infections (Solomiychuk et al.,, 2020). The posi-
tive effect of pre-sowing seed inoculation with
the microbial preparation Rizohumin, micro-
fertiliser Reakom, and plant growth stimulator

)

BiosSil was also determined in various combina-
tions. The effectiveness of using microfertiliser
and BioSil solutions during the growing sea-
son of bactericidal plants on the formation and
functioning of legume-rhizobial symbiosis and
soybean grain yield was identified (Kabanets,
Sobko, Murach, 2017). This indicates the impor-
tance of investigating the combinations of bio-
complexes with drugs of a stimulating nature to
assess their impact on plant yield and pathogen
damage.

The purpose of the study is to conduct an as-
sessment of the impact of the Pseudomonas fluo-
rescens bacteria and substances of a stimulating
nature on the productivity of the soybean plant
and seed damage by pathogens.

MATERIALS AND METHODS

The study was conducted during 2019-2020 at
the Ukrainian scientific-research station on
plant quarantine of the Institute of Plant Protec-
tion of the National Academy of Agrarian Scienc-
es of Ukraine. The soil of the experimental plot is
grey forest heavy-loamy. Its availability of mo-
bile forms of phosphorus is 148.4 mg kg, potas-
sium - 1854 mg/kg, and nitrogen - 83.0 mg/kg.
Equilibrium soil density - 1.46 g/cm?. The Ksenia
soybean variety was used in the study. Sowing
was conducted in the usual rowing way. In June
and July 2019, precipitation was 129 and 99 mm,
respectively, and in August - 110 mm, which
was higher than the average monthly perennial
norm. In June and July 2020, they were 130 mm
per month at the norm of 75-85 mm. In Septem-
ber 2020, 104 mm of precipitation fell, which
exceeded the perennial average. Desiccation of
crops was not conducted.

Abacterial-based preparation Pseudomonas
fluorrescens with a titrant of 3x10° CFU/cm? with
a consumption rate of 5.0 1/ha was used in the
study. In combinations, the use of a biological
product based on the P, fluorrescens bacteria was
combined with succinic acid (ethane-1,2 dicar-
boxylic acid HOOC(CH,),COOH. Excipients were
also examined: dimethyl sulfoxide (DMSO) - a
chemical substance with the (CH,),SO formula,
which is a bipolar solvent and is used to increase
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trans-tissue transport of active substances; di-
methylaminoethanol (DMAE), which is an im-
munoprotector and affects various transmem-
brane functions.

Field research was conducted according
to generally accepted methods (Tribel et al,
2001). Soybean crops were sprayed during the
growing season in the following periods: true
three-leaf, flowering, and bean formation.
During the biometric analysis of plants, the
number of formed beans on plants was deter-
mined, pcs., the weight of 1000 seeds (g), and
yield, t/ha. Phytopathological examination of
grain obtained from soybean plants for various
treatment options was conducted in accord-
ance with DSTU 4138-2002 (Seeds of agricul-
tural plants. Methods for seeds testing, 2003).
Morphological analysis of pathogens was
conducted through the creation of microscop-
ic preparations, which were analysed using
light microscopy and identified (Kyryk M.M.,
Pikovskyi M.Y,, Azaiki S., 2015).

Statistical processing of experimental data
was performed using the Microsoft Office® pro-
gramme for Microsoft Windows®.

RESULTS

As the results of the study show, spraying soy-
bean plants with a biological product based
on the P fluorrescens bacteria separately and
in combination with substances of the group
of ammonium salts of dihydropyrimidine and
stimulating substances had a positive effect on
the productivity of soybean plants. Thus, the
number of beans formed under different spray-
ing schemes increased by 0.4-5.9 pcs./ plant. In
particular, in variants with spraying schemes
P fluorrescens, 51/ha + 0.1% xymedone solution +
2 ml DMAE + 2 ml DMSO, P. fluorrescens, 5 1/ha +
0.2% succinic acid solution + 2 ml DMAE + 2 ml
DMSO, and P. fluorrescens, 5 l/ha + 01% xyme-
done solution + 0.2% succinic acid solution +
2 ml DMAE + 2 ml DMSO the most beans were
formed - 11.3-14.2 pcs./plant (Table 1).

Table 1. Soybean productivity depending on the treatment of plants with the Pseudomonas
fluorescens bacteria in combination with stimulating substances
(Ksenia variety, average for 2019-2020)

5884 53 g
. Q g A s =] =
Options E S Qe op £ 0 <
SEEE 23 ol
2% 23 =S) S
ol —
Control 1
(without treatment); 83 105 18
Control 2
P fluorrescens, 51/ha 86 135 21
P fluorrescens, 51/ha + 2 ml DMAE + 2 ml DMSO 87 148 22
P fluorrescens, 51/ha + 0.2% succinic acid solution + 2 ml DMAE
+2ml DMSO 129 152 27
P fluorrescens, 51/ha + dihydropyrimidine derivatives 104 138 24
(Amine 1- 0.5% solution + 2 ml DMSO) ’ :
P fluorrescens, 51/ha + dihydropyrimidine derivatives 108 191 23
(Amine 3 - 0.25% solution + 2 ml DMSO) ) '
p :
P fluorrescens, 51/ha + 0.1% xymedone solution + 2 ml DMAE + 2 13 165 24
ml DMSO
P fluorrescens, 51/ha + 0.1% xymedone solution + 0.2% 142 171 29
succinic acid solution + 2 ml DMAE + 2 ml DMSO ’ '
HIP,, 01 39 009
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Positive dynamics were also noted regard-
ing the mass of seeds. Thus, the weight of 1000
seeds in variants with spraying plants increased
in the range from 16 to 66 g. Joint application
P fluorrescens, 5 l/ha + 0.2% succinic acid solu-
tion + 2 ml DMAE + 2 ml DMSO ensured the for-
mation of seeds by plants, the mass of 1000 of
which was 152 g; in the case of use P. fluorrescens,
51/ha + 01% xymedone solution + 2 ml DMAE +
2 ml DMSO - the weight of a 1000 seeds reached
165 g and for spraying with P fluorrescens,
51/ha + 01% xymedone solution + 0.2% succinic
acid solution + 2 ml DMAE + 2 ml DMSO - 171 g.
These were the highest indicators compared to
the control (without treatment).

In the end, separate and joint application
on soybean crops of P fluorrescens together
with substances of the ammonium salts of di-
hydropyrimidine and stimulating substances
increased the yield of soybean seeds from 0.3 to
11t/ha. The best result was noted in the version
using a preparation based on P. fluorrescens,
5 1/ha + 01% xymedone solution + 0.2% suc-
cinic acid solution + 2 ml DMAE + 2 ml DMSO.

Therewith, the soybean yield was 2.9 t/ha, which
is 0.8 and 1.1 more than in the control variants
(without treatment and with P, fluorrescens).

According to the results of the phyto-
pathological examination of soybean seeds,
selected from various variants of the experi-
ment, the damage by such micromycetes was
identified: Fusarium oxysporum Schlecht, Al-
ternaria spp., and Penicillium expansum Link.
During germination of seeds infected with the
F oxysporum fungus, weak, underdeveloped,
deformed seedlings were formed, which later
rotted. Seeds affected by Fusarium infection
could also lose their ability to germinate and
become covered with a whitish-pink coating
(Fig. 1a). On the surface of soybean seeds af-
fected by Alternaria spp. symptoms of the dis-
ease initially appeared in the form of a light,
later smoky-grey - black coating. In many
cases, normal seedlings were formed, but the
seeds with severe damage did not germinate
(Fig. 1b). P expansum fungi developed on seeds
in the form of a mouldy coating of green-blue
colour (Fig. 1c).

Figure 1. Symptoms of soybean seed diseases with varying degrees of damage: a — Fusarium;
b - Alternaria; ¢ - mould caused by P expansum

D
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Analysis of using the P. fluorrescens bacteria
and their combinations together with substanc-
es of ammonium salts of dihydropyrimidine
group and stimulating substances showed that
all of them provided a reduction in infection of
soybean seeds with F. oxysporum, Alternaria spp.,
and P expansum fungi (Table 2). In particular, the
number of seeds affected by the causative agent

of Fusarium infection ranged from 87 to 12%
(331% in the control). Infection with Alternaria
spp. was detected in 7.2-10.8% of seeds (29.6% in
the control).

Mould caused by the P expansum fungus,
infected 1.8-3.2% of soybean crops in various
treatment options, while in the control this fig-
ure was 14.2%.

Table 2. Effect of treating soybean plants with the Pseudomonas fluorescens bacteria
in combination with stimulating substances for seed infestation by fungi
(Ksenia variety, average for 2019-2020)

Options Seeds are affected by fungi, %

Foysporun Aermariaspp
(Withgftnttrre";tlment) 331436 296+28 142+24
. ﬂuofroelslzre‘,’qf 5 1ha 12405 108+05 32403
P fluorrescens, 51/ha + 2 ml DMAE +2 ml DMSO 9.8+ 04 106+0.3 30+04
P fluorrescens, 5 l/}]lja;;r A%Z:/ozsrlrllf]callr\ldlg Scid solution + 2 ml 89+ 06 97405 25+04
P e diydopyinidnedonaies | go0q | spsos | 23v0s
Puorgscens Sl Ginroprimdnedettis | ppuor | sasos | 26504
P fluorrescens, 5 lékﬁ;ff‘?ﬁrg&ds(gle solution + 2 ml 106405 79+ 04 21+02
Pl Sl Oymlone Mo 97 | 7s0s | 72s0s | swe2

Among the various treatment options for
soybean crops, the smallest number of seeds af-
fected by pathogens was noted with the use of P
fluorrescens, 5 1/ha + 01% xymedone solution +
0.2% succinic acid solution + 2 ml DMAE + 2 ml
DMSO, which is due to their immunoprotective
and stimulating effect.

CONCLUSIONS

Studies showed that the combination of the
P fluorenscens bacteria with preparations of
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a stimulating nature and various derivatives
of ammonium salts of dihydropyrmidine for
spraying soybean plants provided an increase
in the yield of soybean seeds from 0.8 to 1.1 t/ha.
In addition, all of them led to a decrease in in-
fection of soybean seeds with the F. oxysporum,
Alternaria spp., and P expansum fungi. The use of
combinations of biocomplexes is promising for
further study as environmentally safe measures
to increase soybean yield and reduce seed dam-
age by pathogens.
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M.MN. Conomiituyk

KaHAamMAaaT CinbCbKOrocnoaapCbKMx HayK

YKpaiHCbKa HayKOBO-A0CNIAHA CTAHLIA KapaHTUHY POC/IMH IHCTUTYTY 3aXMCTy POCAUH
HauioHanbHOI akaaemii arpapHMx HayK YkpaiHm

60321, c. boAaHu, YkpaiHa

M.H. MikoBcbKuMi

JOKTOp CiNbCbKOrocnoAapCbKMX HayK, AOLEHT

HaujioHanbHMin yHiBEpcUTET BiopecypciB i NPMPOAOKOPUCTYBAHHS YKpaiHK

03041, Byn. Tepois ObopoHu, 15, m. Kuis, YkpaiHa

Bnnue 6akTepinn Pseudomonas fluorescens i pe4oBUH
CTUMYNIOIOYOi MPUPOAN Ha NPOAYKTUBHICTb POC/IUHMU COI
Ta ypa)XeHHs HaciHHSA naToreHamMu

AHoTauig. Cos € CTpaTerivHoI0 3epHO6060BOI0 KYJIBTYPOIO AJI CBITOBOTO CilIbCHKOTO T'OCIIOAAPCTBA
Ta Mae BaKIUBY pOib y 3abe3lledyeHH] IPOMOBONEYUOi 6e3rmeRu 6HaraThox KpaiH. BomHouac
OTPUMAaHHIO BUCOKOTO i IKiCHOTO YPOsKaio KyJIETYPU IIEPELIKOIKAI0Th 610TUYHI YMHHUKY, 30KpeMa
36y IHUKY XBOPO6. IXHIil KOHTPOJIB 3AIACHIOETHCA 38 JOIIOMOTIOI0 PiSHHUX METOZIB i cr1oco6iB. OmHaK
3a HaAMipHOTO 36i/bIIeHHS 06'€MIB 3aCTOCOBYBAaHHA XiMiUHMX 3ac06iB 3aXUCTy YCKIaAHIOETHCS
eKOJIOTIYHa CHUTyallid B arpoleHos3ax. TOMy aKTyaJbHUM € 3MeHIIeHHd MeCTULUAHOIO
HaBaHTa)KeHHS B TEXHOJIOTiAX BUPOUIYBAHHS KyJIBETYPU. MeTOI0 IOCIiZIKeHb € ITPOBeeHHA OL[iHKU
BIUTHBY 6akTepiti Pseudomonas fluorescens i pe4oBUH CTUMYITIOI0UOI TPUPOAU Ha TTPOAYKTUBHICTD
POCIMHMU Ol Ta ypayKeHHS HaCiHHA ITaToreHaMu. EKClieprMeHTH ITPOBOAMIIN B YyMOBaX YKPaiHCBKOI
HayKOBO-ZIOC/IiAHOI CTaHIIil KApaHTHUHY POCJINH [HCTUTYTY 3axucTy pociuH HAAH. I'pyHT focnigHol
IiNSHKY — CipuH JIiICOBUM Ba)KKO CYITIMHKOBUIL. [[J1 OCIiZKeHb BUKOPUCTOBYBAJIU COPT col KceHs.
BUKOHAHHATIONBOBUXIOCITIIREHbIIPOBOAWIN 3TiHOI33araIbHOIIPUMHATUMUMeToauKaMu. [TociBu
coi OBIIPUCKYBaJIM BITPOZOBIK BeTreTallii y Taki rmepiofu: CpaBKHik TPiXuyacTU JIMCTOK, LBITIHHA
Ta opMyBaHH:A 606iB. [[711 06p06KU POCIMH COI BUKOPUCTOBYBAJIU IIPEIapar Ha OCHOBI 6aKTepi
Pseudomonas fluorescens 3 TutpoM 3 x 109 KVO/cMm® 3 HOpMOIo BUTpaty 5,0 Ji/Ta 3a 3aCTCOyBaHHS
y KoM6iHallifax i3 peyoBMHAMU CTUMYIIOOYO] Jil. 32 POKMU HOCTIIKeHb KIJIBKICTh aTMochepHUX
orazis (B [eBHi Micalli BereTailii poc/ivH coi) 6y/ia Bullle cepefHbOMICAYHOI 6araTopidHOi HOPMH.
[Tepen36upayibHy OeCHKallilo TOCIBiB He ITPOBOAWIN. (PITONATOJNOTIUHY eKCIIepTH3y HaCiHHA
OTPMMAaHOTO 3 POCJIMH COi 33 Pi3HMUX BapiaHTiB 06p060OK 3mikicHIOBaIK 3TiAgHO 3 ICTY 4138-2002. V
IOCIIiZPKeHHSX BiZiMiueHO MO3WUTHMBHUM BIUIMB IIpelapaTry Ha ocHOBi Pseudomonas fluorescens i
PEYOBHH CTUMYJIIOI0UO0] TIPUPOAY Ha 6i0MeTpUYHI TTOKA3HUKY POCIIUH COi i IXHIO TPOAYKTHUBHICTb.
30kpeMa, Maca 1000 HaciHMH y BapiaHTax 3 OBIPUCKYBAaHHSM POCIMH 36ibIIyBasaca B MesKax
Biz 16 1o 66 I. CyMicHe BHeceHHs Ha IociBax coi Pseudomonas fluorescens pa3oM i3 peyoBUHaMU
TPYIIH aMOHIMHUX COJIEH AUTIAPOMipiMIIMHY Ta CTUMYITIOIOYHX PEYOBUH 3a6e3I1eUyBajio 3pOCTaHHA
yposkaMHOCTi HaciHHA col mo 11 T/ra. TakOX BigMiueHO 3HIDKeHHS iHOIKyBaHHS HaciHHA cOl
36ymHUKaMu Gy3apiosy, aibTepHapio3y Ta MeHIInIb03y — rpubaMu Fusarium oxysporum Schlecht,
Alternaria spp. Ta Penicillium expansum Link. BuBUYeHHSI iMyHOIIPOTEKTOPHOI Ta CTUMYJIIOIOUiN
Iii KoMbiHaLiY 6i0KOMIIIEKCIB € ITePCIIeKTUBHUM IJIS PO3PO6KU €KOJIOTIYHO 6e3MeYHrX 3aX0miB
MiIBUIIEHHS YPOKAMHOCTI COi Ta 3HMUYKEHHS YpaykeHHs HaCiHHS ITaToreHaMu
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