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ABSTRACT

Modern EM technology has a particular contribution to environmental management and sustainable agricultural production.
The aim of the research was to determine the effect of the application of the probiotic EMa 5 or the combination EMa 5+
EmFarma, as well as the best model of application (on the soil before sowing; after the emergence of tobacco seedlings; on
the seeds) and with/without herbicide application.

Probiotics have a positive effect on tobacco seedlings. The best development of the root system, as well as the total length of
the tobacco seedling, was determined in the variant - application of EmFarma Plus + Emma 5 on the soil, before sowing and
during the application of herbicide. The length of the root system of the seedling in the standard treatment is lower than that
of the seedling of all variants of probiotic application.

Application of probiotics is possible under standard sowing conditions, that is, when herbicide is used.

The results of these researches create a good perspective for their application in the production of tobacco seedlings.
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IMPUMEHA HA EM TEXHOJIOTHJATA BO ITPOU3BOJACTBOTO HA
TYTYHCKHU PACAJ

Cospemenata EM texHon0THja iMa 0COGEH IPHUIOHEC BO yIIPAaBYBAmbETO CO )KUBOTHATA CPEAMHA U OLAPKHBOTO 3€MjOEICKO
TIPOU3BOICTRO.

LlenTa Ha HCTpaXKyBameTo Oerre qa ce yTBpAX edeKToT O IprMeHaTa Ha poduoTukoT EMa 5 nnu xombunanujata EMa 5+
EmFarma, xaxo u HajqoOpHOT MOZIEN Ha aIlIkKaIyja (Bp3 IIoYBaTa Ipej cenada; o IOHUKHYBalke Ha TYTYHCKHOT paca; Bp3
CEMeTO) H co/0e3 mpuMeHa Ha XepOuIu.

[Mpo6uoTHIMTEe MMAaT MO3UTHBEH e(EKT BP3 TYTYHCKUOT pacan. Hajmobap pa3Boj Ha KOPEHOBHOT CHCTEM, KaKO M BKYIHA
JO/DKMHA Ha TYTYHCKHOT pacaj € yTBpICHa Kaj BapujaHTarta - aumnkandja Ha EmFarma Plus + Ema 5 Bp3 mo4Bara, mpen
cenzba ¥ pu npuMeHa Ha xepouuuna. JIomKrHaTa Ha KOPEHOBHOT CHCTEM OJI pacajioT IPU CTAHAAPIHUOT TPETMaH € oMasa
OJI Taa Ha pacagoT Of CUTE BapHjaHTH HA IIPUMEHA HA IIPOOHOTHUIIH.

IIprMeHa Ha MPOOMOTUIIUTE € MOXHA [IPU CTAHAAPIHU YCIOBH Ha cernada, OMHOCHO IPHU yIoTpeda Ha XepOumm.
PesynraTuTe 0 OBHE HMCTpaXkyBama CO3[aBaaT A0Opa MEpCIEeKTHBa 32 HHBHA NIPUMEHA BO MPOH3BOACTBOTO HA TYTYHCKH
pacap.

Kay4unn 360opoBu: tytyH, EM texHonoruja, npodbuotunu, EmFarma Plus, Ema 5, pa3Boj, kopeH
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INTRODUCTION

The integrated concept of sustainable
agricultural production is based on the principles
of ecology and the relationships between
organisms and the environment.

EM technology is one of the basic ways to
manage the environment in the direction of
sustainable agricultural production. The basic
principle of this technology is application and
increase of the population of efficient and
beneficial microorganisms in the soil.
Increasing the population of EM in the soil with
application models increases the development of
existing soil microorganisms. Thus, the
microflora in the soil becomes rich and the soil
develops a well-balanced microbial system
(Nayak et al, 2020). Degenerative
microorganisms, especially soil pathogens, are
pushed out. This creates a healthy environment
for the plants where the effective
microorganisms continue to coexist in the
rhizosphere.

But plant roots secrete substances such as
carbohydrates, amino and organic acids and
active enzymes. Effective microorganisms use
these secretions for their development. But,
during those processes they also secrete and
provide amino and nucleic acids and many
vitamins and hormones that are used by plants.
Thus, EM coexists with the plant root in the
rhizosphere (Higa and Wididana, 1989).

Thanks to all the microbiological processes in
which the soil, and especially the rhizosphere
microflora participates, the plants are provided

with all the nutrients. Thus, they have an
outstanding opportunity for proper development.
Modern EM technology, or generally accepted
term "probiotics", includes four very important
groups of microorganisms - lactic acid bacteria,
photosynthetic bacteria, actinomycetes and
yeasts, mixed in a carbohydrate medium.
Depending on the purpose, certain preparations
have a "fortified" formula in which, in addition
to the basic components, other bioactive
components are represented, e.g., plant extracts.
Such is the case with the preparation EMa 5
(SCD Probiotics, 2012).

Application of probiotics doesn’t mean only
improvement of soil properties and proper
development of plants, but also prevention of
disease attack. In that regard, the preparation
EMa 5 is particularly noteworthy, which is why
it is mainly used as a biofungicide.

Therefore, our aim was to investigate the
possibility of using probiotics in tobacco
seedling production and determine the effect of
the application of EMa 5 alone (given its
promotion as a biofungicide) or in combination
with the probiotic EM Farma. Specifically, our
aim was to confirm their multifunctionality and
promising role in the production of tobacco
seedling.

The examinations also ensure the determination
of the best application model. What is most
important, it is adapted for application during
usual cultural practices in the production of
tobacco seedling.

MATERIAL AND METHODS

The examinations were carried out in tobacco
seedbeds in 2020. The soil treatment, which was
planned when defining the variants, was carried
out the previous day. The seedbeds were sown
with tobacco seeds of variety P -66-9/7. Seed
amount of 6.75 g/10 m? was used.

Each variant was tested in three replications, and
the area for each replication was 3.33m>.

The preparation EmFarma was applied in a dose

14

of 1000 ml/100 m?, i.e., 30 ml / 3.33 m?.

The preparation Ema 5 was applied in a dose of
300 ml /100 m?,i.e., 10 ml/ 3.33 m?.

Tobacco seeds (2.25 g/3.33 m?) were soaked in
3 ml prepared solution and kept for 24 hours
before sowing. For this purpose, a solution with
EM farm was previously prepared in a dose of
100 ml/10m?. An overview of the variants with
the respective treatments is given in Table 1.
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Table 1. Variants and treatments

z

§ Variant Treatment

1 Control, without any treatment
Standard treatment with

2 herbicide, fungicide and
supplement

3 EmFarma Plus +Ema 5 EmFarma Plus EmFarma Plus
Herbicide +Ema 5 +Ema 5

5 Emas Ema 5 Ema 5
Without herbicide

7 EmFarma Plus+ Ema 5 EmFarma Plus EmFarma Plus
‘Without herbicide +Ema 5 +Ema 5

4 Herbicide after emergence Ema 5 Ema 5
Ema 5 after emergence Ema 5

6  Herbicide after emergence EmFarma Plus EmFarma Plus
EmFarma Plus + Ema 5 EmFarma Plus + Ema +Ema$5 +Ema 5
after emergence 5

8  Seed treated with EmFarma EmFarma Plus EmFarma Plus
Plus +Ema 5 +Ema 5
+ soil treated with Ema 5
Without herbicide

9  Seed treated with EmFarma EmFarma Plus EmFarma Plus
Plus +Ema 5 +Ema 5
+ soil treated with Ema 5
Herbicide

- Serbicide Gamit 4 EC was applied in a dose
207 ml'm” in the respective variants.

- eatment after seedling emergence was
=¢ only in the respective variants
s marked 4 and 6).
¢ second treatment was performed in all

ws. The same day, the second control i.e.,
received treatment with the fungicides
M 10.1%) and Ridomil (0.25%). Fertilizing

The third treatment with probiotics was
performed at the beginning of the vigorous
growth phase.

During the research, the seedling was observed
daily, and the growth and condition of the
damping off disease was monitored.

Seedling length was measured twice, first time
before the third treatment and second time in the
phase of vigorous growth, before pulling for
transplanting.

% 15 2m" of ammonium nitrate was carried
= 1ous day.

RESULTS AND DISSCUSION
> and 3 present the results about the size of tobacco seedling in the three replications of each
However, for better conclusions about the impact of probiotics on the development of tobacco

e the average values were analyzed (Table 4 and 5). '
= have the lowest growth in the control (without any treatment), which is quite expected (Table
ver, the largest length of the root system, as well as the total length, has the seedling of the 4th
1e. Ema 5 after emergence. They are larger than the dimensions in the standard treatment with
fungicide and fertilizer. Ema 5 is a probiotic with a fungicidal effect. In addition to the basic
son characteristic of EM technology, it also contains plant extracts (SCD Probiotics, 2012). According
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to the multiple effect (including antagonistic effect against fungal and bacterial pathogens and
detoxifying effect on the soil from pesticide residues) it is expected that the composition of all its active

components will act very stimulative.

Acting against fungal and bacterial pathogens, it detoxifies the soil of pesticide residues. Starting from
the base (probiotic i.e., EM technology) and its additional effect, it is expected that the composition of
all its active components will act not only fungicidally, but also stimulating.

Table 2. Impact of probiotics on the development of tobacco seedling - 1 evaluation

" replication
82 i il il
28
252 S Variant e i B
= 9 = = =
= 2 = root  stalk g @  root stalk ‘2 2D root stalk % 2
<% = o = o = 3
1 :
o ik 325 950 975 260 1150 1410 200 9.6 11.16
treatment
2 Standard treatment with
herbicide, fungicide and 2.62° 1637 18.99-."2.50 12.50 15.00 3.00 15.33 18.33
supplement
3 EmFarmaPlus+Ema5 5.5 1415 1724 266 1700 1966 333 13.66 16.99
o= Herbicide
z 5 Ema 5
.f:; Wt b e 26271400, 16.22 3100 1283 15337 8:66 13.16 16.82
2 7 EmFarma Plus+ Ema 5
Witho it hebicide 3.25 - 15.00 182503333 15.33 18.66 3.00 17:50 20.50
e 375 1525 19.00 266  13.16 1582 416 1833 2249
o Ema 5 after emergence
& 0 6  Herbicide
g EmFarma Plus + Ema 5 3:00; 1445 177540338 15.83 19.16 2.66 15.66 18.32
: after emergence
8 Seed treated with
EmFarma Plus
—§ T R T 3.33. 5.15.00 18.33...3.16 17.83 2099 3.16 15.16 18932
a Without herbicide
k= 9 Seed treated with
=
1) EmFarma Plus
i riad i Bios 5 305901462 17.87711'383 14.50 17.83 3.00 13.50 16.50
Herbicide

Good development of the whole plant and, what
is of particular importance, the root system, has
the seedling of variants 7 and 8. Although there
are different ways of application (after
emergence and on seeds), both variants are
without any use of herbicide. It is known that the
herbicide has a harmful effect on the soil as well
as on the rhizosphere microflora (Ayansina and
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Oso0, 2006). Such a negative effect can be long-
lasting and affect the entire microflora-plant
system. The soil in which there is no harmful
effect of the herbicide is a good substrate for the
reproduction and development of the effective
microflora and its activity, thus providing the
root system with various nutrients.
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Table 3. Impact of probiotics on the development of tobacco seedling - 2 evaluation

replication

II I

Variant

al probiotios
Mark

Applivation

root stalk

Total
length

root stalk

stalk

root

Total
length

(-

Control, without any

treatment 3.50

12.10

15.60

3.10 12.40 3.30 12.20 15.50

Standard treatment
with herbicide,
fungicide and
supplement

3.374 1:1925

22.62

3.16 17:33 2.50 18.66 21.16

EmFarma Plus +Ema 5

Hesile 3.40

14.20

17.60

4.20 18.20 22.40  4.60 35.00 39.60

Tma S

Without herbicide o

15.25

19.50

5.50 16.33 21.83  2.66 15333 1799

on the SOI

EmFarma Plus+ Ema 5

Without Berbicide 5.87

17.50

21537

4.66 19.33 23.99 ¢ 3.66 20.66 24.32

Herbicide

Ema 5 after emergence T

16.75

2112

4.66 18.66 2332 423 17.13 21.36

Herbicide
EmFarma Plus + Ema 5
after emergence

after
emergence

375 21k25

25.00

3:33 19.66 22.99% 333 21.00 24.33

Seed treated with

EmFarma Plus

+ soil treated with
Ema 5

Without herbicide

3.95-"=1875

22.00

2.83 15.00 17.83  4.00 23.66 27.66

Seed treated with
EmFarma Plus

+ soil treated with
Ema 5

Herbicide

on the seed

4.50 19.50

24.00

2.83 13.66 1649 2.83 14.33 17.16

The effect of the seedling treatment with
probiotics is best seen in the stage of vigorous
growth. According to Table 5, the length of the
root system of the seedling in the standard
treatment is the smallest. It is even smaller than
the control - without any treatment, which can
certainly be explained by the special conditions
of water supply that favor the development of the
root in length. But it lags behind all variants
treated with probiotics.

Tobacco seedling of the variants 3 and 7 had the
best development, especially of the root system,
but also of the whole plant, when EmFarma Plus
+ Ema 5 was applied to the soil, before sowing.
The obtained results are in accordance with the
statements of Ashraf et al. (2004). According to

them, the introduction of effective microflora
can activate nitrogen fixation, phosphorus
solubility, increased release of siderophores,
phytohormones, exopolysaccharides, known
microbial products that increase plant
development and protect them from abiotic
stress.

Also, Combant et al (2005) claims that
proliferation of microorganisms that are
promoters of plant growth in the soil, especially
in the rhizosphere, stimulates plant
development. At the same time, through the
competition for space and food and creation of
inhibitory substances, they induce systemic
resistance of plants.

17
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Table 4. Impact of probiotics on the development of tobacco seedling -

(1 evaluation - average values)

g | f:) length
.2 %
22 < Variant /
a, % = g root stalk “?Ole
<Q4 - plant
) Control, without any 261 10.05 11.67
treatment
Standard treatment with
2 herbicide, fungicide and 2.70 14.73 17.44
supplement
EmFarma Plus +Ema 5
= 3 Herbicide 3.03 14.92 17.96
% Ema 5
= 5 Without herbicide 3.09 13.16 16.25
g
2 EmFarma Plus+ Ema 5
7 Without herbicide 3.19 15.94 19.13
WEC 4 AT 3.52 15.58 19.10
=8 Ema 5 after emergence
% B Herbicide
=) 6 EmFarma Plus + Ema 5 2.99 1541 18.41
i after emergence
Seed treated with
EmFarma Plus
"§ 8 + soil treated with Ema 5 et - 1921
4 Without herbicide
= Seed treated with
=
k= e HE SRR 319 1420 17.40

+ soil treated with Ema 5

Herbicide

Increasing soil microbial diversity improves
plant health and productivity (Okorski et al.,
2008). The same value of the root system length
in these two variants (without and with the use
of herbicide) confirms the possibility of using
probiotics under standard sowing conditions 1.€.,
when using herbicide.

Also, the application of probiotics on the soil
confirms the positive effect of probiotics on
plant development and at the same time
represents a good application model and
perspective for their application in the
production of tobacco seedling.

The seedling from the variants where the seeds
were treated with EmFarma Plus and the soil
with Ema 5 have a poorly developed root system
and a similar average value of the total length of
the plant as the seedling from the standard

treatment. There are certain dilemmas whether
probiotics applied to sceds increase the
percentage of germination, whether they
develop a strong secondary root system and a
healthy stalk, and whether it is a good
application method, (Olle and Williams, 2013).
Bharti et al. (2007) present facts that the
rhizosphere is a microbial center where there are
different but at the same time significant
interactions between microorganisms and the
soil together with the plants. The nature of these
interactions is entirely determined on a
molecular basis. These positive beneficial
interactions  significantly  affect  plant
development and growth, and subsequently
result in a progressive impact on yield and
production.
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Table 5. Impact of probiotics on the development of tobacco seedling -
(2 evaluation - average values)

8 length
Bee .
D52 § Variant
(=% -
<;:4 L‘cg root stalk whole plant
P 1o keanalmathontany 350208 15.50
treatment
Standard treatment with
2 herbicide, fungicide and 3.01 18.41 21.42
supplement
EmFarma Plus +Ema 5
3 Horbicide 4.06 22.40 26.53
% Ema 5
8 5 Without herbicide 413 15.63 19.77
o
] EmFarma Plus+ Ema 5
7 Without herbicide 4.06  19.16 23.22
il o & 423 1713 2136
~ & Ema 5 after emergence
d% %" Herbicide
g 6  EmFarma Plus + Ema 5 3.47 20.63 24.10
7 after emergence
Seed treated with
EmFarma Plus
§ 8 + soil treated with Ema 5 S50 Lek et
3 Without herbicide
=) Seed treated with
S EmFarma Plus
19
? + soil treated with Ema 5 . S Ll
Herbicide

=se data confirm the results of our research
et the best development of the root system as
#cll as the whole plant is determined when
robiotics are applied to the soil, before sowing
the same time highlighting it as the best
cation model). The soil is a natural

wronment for these groups of

Probiotics have a positive effect on the
ievelopment of tobacco seedling, especially on
oot system.

The length of the root system of the seedling
with standard treatment was smaller than the
Jength of the seedling treated with all the
probiotic variants.

microorganisms, in which they best manifest
their activity (specific processes). At the same
time, early interactions occur in the soil (among
microorganisms, but also microorganisms-
plants) which lead to an increase in their activity.
All this leads to stimulation of plant growth.

CONCLUSIONS

- Tobacco seedling had the best development
especially of the root system, but also of the
whole plant, when EmFarma Plus + Ema 5 was
applied to the soil, before sowing. At the same
time, it represents a good application model of
probiotics in the production of tobacco seedling.

19
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- Application of probiotics is possible under - Probiotics have a good perspective for their
standard conditions of sowing, i.e., when using application in the production of tobacco
herbicide. seedling.
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