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ABSTRACT

The basic principle of EM technology is to apply and increase the population of effective and useful soil microor-
ganisms which will displace degenerative microorganisms, especially soil pathogens.

There are data on the use of probiotics not only in soil improvement but also in prevention of disease attacks. With
regard to this, our objectives were to study the impact of probiotics on soil microflora and, more specifically, to
determine the number of each group of microorganisms and their influence on certain processes in the soil, even
in the control of certain pathogens, to estimate the effect of application of one probiotic or their combination, as
well as the best model of application - when usual cultural practices are applied in order to produce healthy and
good quality tobacco seedlings.

Investigations included two probiotics - EmFarma Plus and Ema 5 (probiotic with enriched formula and with rath-
er fungicidal effect), and their combinations, as well as the modes of application.

It can be concluded from investigations that probiotics have a positive effect on the number of certain groups of
microorganisms.

The best results in increasing the number of actinomycetes were obtained with EmFarma Plus + Ema 5 (with and
without herbicide application). The small number of bacteria is compensated by increased number of actinomy-
cetes. A balanced ratio of bacteria and fungi was recorded, too. The application of Ema 5 also confirmed its effects.
It may be concluded that probiotics with their effect on increasing some groups of microorganisms can prevent the
attack of soil pathogens.
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E®EKTOT HA TPOBUOTHULHUTE BP3 IIOYBEHATA MUKPO®JIOPA BO
SAIITUTATA HA TYTYHCKHUOT PACAJI O BOJIECTH

OcuoBHHUOT puHIMI EM TeXHOJIOTHjaTa € aluInKaIlija i 3roJIeMyBamke Ha TIOITyTalijaTa Ha e(puKacHU U KOPHCHU
MHKPOOPIaHM3MH BO [I0YBATA, CO LITO CE HCTUCHYBAAT AEICHEPATUBHUTE MUKPOOPTAaHU3MHU, OCOOCHO MOYBEHUTE
[IaTOTeHU.

[TocTojar mogaromy 3a MprMeHa Ha IPOOHOTHITNTE HE CaMO BO HACOKa Ha MOA00pyBamke Ha CBOjCTBATa Ha TI0YBATA,
HO W CIpedyBame Ha HamaaoT of OonecTr. 3aToa, HAIIaTa [eJ Oele 1a Ce MCIUTA BIIFjaHHeTO Ha TPOOHOTHITUTE
Bp3 mouBeHaTa MUKpodiopa. [loTouHo, yTBpAyBameTo Ha OpOjHOCTA HA ONICITHH IPYITH MUKOOPTaHU3MH, IITO OH
3Ha4eJI0 HUBHO BJIMjaHUE BP3 OZPEICHHU MPOLIECH BO [10YBaTa, AypPH M HAIaJOT O IIATOTCHUTE.

Hcro Taka, 1a ce yTBpau epeKTOT O IpUMEHaTa CaMo €IeH WM HUBHA KOMOMHAIIN]a, KaKO M HajI00pHOT MO
Ha aluIMKalyja [py MpUMeHa Ha BOOOMYAeHHTE arpOTeXHWYKH MEPKH, 3a Ja Ha KpajoT MPOU3BEIMME 31paB U
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KBAJINTETEH TYTYHCKHU pacaj.
HcnuryBamara ce W3BpILICHH NPH arvivkaiuja Ha npoduorunure EmFarma Plus 1 Ema 5 (mpoduotuk co 3jakHara
(dopMyIa 1 uyne J1ejcTBO € noBeke (GpyHIHIUIHO), IPH Pa3HU HUBHU KOMOMHAIMHY, KaKO M HAYMHH Ha arlIMKaIuja.
On ucnuTyBamara MOXKE Jla C€ KOHCTarupa Jieka NpOOMOTHIMTE MMaaT MO3MTHBEH e(ekT Bp3 OpojHOCTa Ha
OJJICITHH TPYIIH MUKPOOPTaHU3MH.

3abenexxuresieH pe3yaTaT Bo 3rojieMyBambhe Ha OpojHOCTa Ha aKTHHOMULETUTE ce 3a0eleKyBa Kaj TPEeTMaHUTe CO
EmFarma Plus + Ema 5 (0e3 u co mpumena Ha xepOuiun). Masiata OpojHOCT Ha OaKTepHHTE CE KOMIICH3HPaHa CO
3rosieMeHara Ha akruHomuuerute. Ce 3a0enexyBa n u3dajiaHcupaH oJHoC Ha Oakrepuute U rabure. [Ipumenara
Ha Ema 5 ucTo Taka ro moTBpau CBOETO JICjCTRO.

Moxxe aa ce KOHCTaTHpa Jieka HPOOHOTHIIMTE CO CBOETO J€JCTBO BP3 HAMHOXYBAWETO HAa OJJICIHH TIPYIH

MHKpPOOpPIraHU3MH, MOXKAT Jia BIIMjaaT BP3 CIIPEUyBambe Ha HAIMa/I0T OJ TIOYBEHUTE NAaTOrCHH.
Kayunu 360poBu: npoororuk, EmFarma Plus, Ema 5, akrunomuneru, 6akrepuu, rabu

INTRODUCTION

EM (eftective microorganisms) technology
is one of the main modes of environmental
management aimed at establishing a sus-
tainable production.

The basic principle of this technology is the
application and increase of the population
of effective and beneficial microorganisms
in soil which eliminate degenerative micro-
organisms, especially soil pathogens, thus
creating a healthy environment for plants.
Effective microorganisms continue to coex-
ist in the rhizosphere and plants grow well,
free of pathogens. Therefore, plant growth
regulators which exibit no pesticidal activi-
ty but instead can promote, inhibit or modi-
fy the physiology of plants, are also regulat-
ed as biopesticides (BPIA, 2014).

EM farma are bioproducts based on tech-
nology of effective microorganisms. Its in-
clude four group of microorganisms: lactic
acid bacteria, yests, phototrophic bacteria
and actinomycetes in carbohydrate medi-
um. Introduction of beneficial microorgan-
isms in any living system will ensure that
the healthy microbes dominate the dis-
ease-causing populations (ProBioticsPols-
ka, 2015).

There are data on the use of probiotics not
only to improve the soil but to prevent the
attack from diseases (Higa et al., 1989;
Tokeshi et al., 1997; Okorski et al., 2008).
The presence of some groups of micro-or-
ganisms implies that they have an influence
on certain processes in the soil, on condi-
tions for infection provoked by soil patho-
gens and on development of diseases.

Our main objective was to study the effect
of probiotics on some groups of soil micro-
flora, by indirect monitoring of the inten-
sity of damping off disease. Analyses were
also made on the effect of biofungicide
EMa 5 used alone or in combination with
EM farma probiotics, applying all neces-
sary agro-technical measures. Identification
of the best model of application of these
products will increase the possibility of re-
alization of the basic principle of effective
microflora and EM technology will also
become applicable from the aspect of seed-
lings protection from diseases. The ultimate
goal is to provide healthy and good quali-
ty tobacco seedlings produced by the stan-
dards of sustainable tobacco production.

MATERIAL AND METHODS

Trials were set up in tobacco seed-
beds and sown with seed of the variety
P-66-9/7 at a rate of 6,75 g/ 10 m.

Treatment of soil in the appropriate variants

was carried out the previous day. Variants
and treatments are presented in Table 1.
Each variant was tested in three replicates
and the area of each replicate was 3,33 m>.
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Table 1. Variants and treatments

No.

Variant

Treatment

1 Check, untreated

Standard treatment

(herbicide, funcigide and saltpe-
ter)

3 EmFarma Plus +Ema 5; herbicide

4 Ema 5; without herbicide

5 Ema 5; without herbicide

EmFarma Plus +Ema 5
6 lings
after emergence of seedlings;

after emergence of seed-
lings - Ema 5

after emergence of seed-

EmFarma Plus EmFarma Plus

+Ema 5 +Ema 5
Ema 5 Ema 5
Ema 5 Ema 5

EmFarma Plus EmFarma Plus

+ Ema 5 + Ema 5

EmFarma Plus EmFarma Plus +

+ Fma 5 Ema 5

EmFarma Plus EmFarma Plus +

+ Ema 5 Ema 5

EmFarma Plus EmFarma Plus +

herbicide EmFarma Plus + Ema 5
EmFarma Plus +Ema 5; without
7 ..
herbicide
3 Seed with EmFarma Plus +soil
with Ema5; without herbicide
9 Seed with EmFarma Plus +soil

with Ema5; herbicide

+ Ema 5 Ema 5

Treatment of seedlings

EM-farma was applied in a rate of 1000
ml/100m?, i.e. 30 ml/3,33 m?.

Ema 5 was applied in a rate of 300 ml/100
m?, or 10 ml/3,33 m>.

Tobacco seed (2,25 g/3,33 m?) was soaked
in 3 ml of the prepared solution of EM far-
ma (100 ml/10m?) and stored 24 hours be-
fore sowing.

In variants using herbicide Gamit 4 EC the
rate was 0,07 ml/m?2.

The second treatment was after 15 days in
all variants (including 4 and 6).

Standard treatment (Variant 2) was applied
on the same day, using the fungicides Top
M (0,1%) and Ridomil (0,25%) and fertil-
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ization with 15 g/m? ammonium saltpeter
the day before.

Third treatment with preparations and their
combinations followed 15 days after the
second one.

Monitoring of seedlings and damping off
disease was made on daily basis.

Two evaluations of damping off disease
were made — the first one prior to the second
treatment and the second one - prior to the
third treatment.

The percentage of infected area was calcu-
lated for the three replicates of each variant
and analysis was made on average values.
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Microbiological analysis

The number of major groups of microor-
ganisms (bacteria, fungi and actinomy-
cetes) was counted.

Soil samples from all replicates of each
variety including the check were collected
in sterile paper bags and they were used to
make an average sample of 10 g soil.
Applied method of dilution — from the ini-
tial 10" to 10*. 1ml of each dilution was
transferred in 5 petri dishes. For the three

groups of microorganisms, the following
dilutions were used: 10 for fungi, 10~ for
actinomycetes and 10 for bacteria.

For each group of organisms, specif-
ic nutrient base was used: Capek’s agar
for fungi, Mesopepton agar for bacteria
and Waxmans agar for actinomycetes.
The number of colonies was the average of
the 5 replicates multiplied by the appropri-
ate dilution..

RESULTS AND DISSCUSION

The late treatment with Ema 5 (variant 4)
influenced the number of fungi. Therefore,
there is the lowest number of fungi in this
variant (Table 2). But also, in its application
before sowing without herbicide (variant

5), the presence of this group of microor-
ganisms is less than the other two. These
data also confirming the effect of Ema 5 as
biofungicide.

Table 2. Presence of the main groups of microorganisms in the soil

Group of
microorganisms
2 Fungi Actinomycetes Bacteria
(x 10%) (x 10%) (x 109
Variant
1
Check, untreated 5,7 6,0 4,0
2 Standard treatment (herbicide,
funcigide and saltpeter) 30 L7 83
3 EmFarma Plus +Ema 5; herbicide 3,0 10,0 3,3
Ema 5; without herbicide
2,7 6,3 5,0
after emergence of seedlings
5  Ema 5; without herbicide 7,3 11,0 13,7
6  EmFarma Plus +Ema 5
after emergence of the seedlings; her- 7.3 10,0 13.3
bicide
" — =
7 EmFarma Plus +Ema 5; without herbi 12,0 9.6 18.3
cide
8 Seed with EmFarma Plus +soil with
Ema5; without herbicide >3 7.6 15,3
9  Seed with EmFarma Plus +soil with 9.0 7 203

Ema5; herbicide
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The greatest numbers is determined in the
variant 7 (Ph 1), where is the smallest inten-
sity of damping off disease (Graph 1).
Compared to this variant, there is signifi-
cantly lower number in the variant 3, which
indicates effects of herbicide. However, it
is same as the amount of fungi in standard
treatment, which favors their application in
the use of herbicide.

In application of probiotics on the seed at
variant 9 there is almost twice higher val-
ue than in variant 8 - without herbicide (Ph
2).

5- with Ema 5 treatment without the use
of herbicide (Ph 3). But also they are rep-
resented by 10 and 9.6 x 10° in treatments
EmFarma Plus + Ema 5 (with and without
application of herbicide), which is a re-
markable result. The same results was in
application of EmFarma Plus + 5 Ema, after
emergence of seedlings.

Their number is especially important be-
cause actinomycetes are active participants
in the decomposition of carbohydrate and
albuminous complexes in soil (Koncynocka,
1999). Hence, increased numbers of actino

Ph 1. Presence of fungi in Variant 5- Ema 5; without herbi-
cide and 7 - EmFarma Plus + Ema 5; without herbicide

The presence of actinomycetes are the
smallest in the standard treatment. In the
treatment with probiotics, the largest num-
ber (11 x 10°) is determined in the variant

Ph 2. Presence of fungi in variants 8 and 9: seeds with EmFarma

Plus + Ema 5; without and with herbicide treatment

mycetes along with numerous enzyme com-
plex means providing more nutrients and
destroying of pathogens.

Ph 3. Presence of actinomycetes in Variant 5- Ema 5;

without herbicide
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Ph 4. Presence of bacteria in the variants: 5 - Ema 5 without
herbicide, 2- standard treatment and 3- EmFarma Plus +
Ema 5; with herbicide
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Graph 1. Influence of probiotics on the intensity of damping off disease

Bacteria, as actinomycetes, have the bigest
presence in variant 5 (Table 2, Ph 4), fol-
lowed by variant 9 (20,3 x 10°). But vari-
ant 7 has one of the highest values of the
presence of bacteria. This is of great impor-
tance for the effect of EM technology on
attack of damping off disease. Free living
rhizobacteria and endophytic bacteria use
some of the same mechanisms to promote
plant growth and control phytopathogens
(Blomberg, 2001) The small numbers of
bacteria in variant 3 is compensated with
the number of actinomycetes.

According to the results, variants where
the soil is treated with probiotics EmFarma
Plus + Ema 5 before sowing, without and
with herbicide treatment and two addition-
al treatments, have the smallest intensity of
the disease (Graph 1, Ph 5,6).

In these variants, particularly in the appli-
cation of both probiotics, it is estimated the
biggest numbers of fungi (in variant 7) or
actinomycetes (in variant 3). At increased
presence, their role in the processes influ-
enced by them increased and they have a
positive effect on the prevention of attack
by pathogens.

The fungi break down highly complex and
resistant compounds such as cellulose,
starch, gums and lignin (Cinklin, Jr. A. R.
2002, loc cit. Sanko Sangyo Co, 2004).

Actinomycetes produce and release in the
soil solution antibiotics such as streptomy-
cin, actinomycin and neomycin, and are
involved in the decomposition of complex
organic compounds such as phospholip-
ids (Cinklin, Jr. A. R. 2002, loc cit. Sanko
Sangyo Co, 2004).

The strenghteen formula of EMa 5 certainly
contributes to this effect i.e the best results
is achieved in their mutual application. Ap-
plication of these probiotics before sowing
as well as aditional treatment unable de-
velopment and multiplying of beneficial
microflora. Therefore, the best result in re-
ducing the damping off disease is achieved
when applied in a soil or direct to foliage
(Gveroska, 2014a, b).

Higa et al. (1989) emphasize the role of EM
on the supression of several destructive soil
pathgens, too. Increasing in microbial com-
munity — promoters of plant growth are re-
sponsible for this effect. The widely recog-
nized mechanisms of biocontrol mediated
by plant growth-promoting microorganisms
are competition for an ecological niche or
a substrate, production of inhibitory al-
lelochemicals and induction of systemic re-
sistance in host plants to a broad spectrum
of pathogens (Combant et al., 2005).
According to Okorski et al. (2008), increas-
ing of the microbial diversity of soil im-
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proving health and productivity of plants.
Sudarma and Suprapta (2011) found that
the number of groups of microorganisms
like bacteria , fungi and actinomycetes was

Ph S. Intensity of damping off disease in
the check
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higher in soil in which there are no symp-
toms of disease caused by Fusarium, unlike
that in which the plants suffer from the dis-
ease caused by this pathogen.

Ph 6. Seedlings in Variant 3-EmFarma
Plus + Ema 5; with herbicide

CONCLUSIONS

The tested probiotics reduce the intensi-
ty of damping off disease.

Probiotics have a positive effect on the
number of some groups of microorgan-
isms and reduce the presence of soil
pathogens.

The lowest intensity of disease was ob-
served in the variants where Ema 5 was
applied in combination with EmFarma
Plus in the soil before sowing.

The highest number of fungi was re-
corded in soil treatment with  EmFarma
Plus + Ema 5 without herbicide appli-
cation.

The highest number of bacteria was re-
corded by seed treatment with EmFar-
ma Plus + Ema 5, with herbicide appli-
cation.

The highest actinomycetes value was
obtained during treatment with Ema 5,
without herbicide application.
Significant increase in the number of ac-
tinomycetes was recorded in treatments
with EmFarma Plus + Ema 5 (with or

without herbicide application).

- Increased number of actinomycetes is
of major importance because they are
active participants in degradation of
protein and carbohydrate complexes in
the soil.

- Postemergence treatments with biofun-
gicides had no positive effect on mi-
croflora or on reducing the intensity of
damping off disease.

- The application of bioproducts on the
seed before sowing did not give the ex-
pected results (with respect to microflo-
ra and disease intensity).

- Probiotics with their effect on increas-
ing some groups of microorganisms can
prevent the attack of soil pathogens.

- The use of probiotics in the tobacco
seedling protection from diseases has
good prospects in the sustainable tobac-
co production.
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