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ABSTRACT

Fungi of the genus Trichoderma are biological control agents applied in the control of pathogens, but they are also
multifunctional and have a stimulating effect on root and plant growth.

Trianum P is biopreparation which active ingredient are living spores of Trichoderma harzianum T22.

The aim of this study was to determine the effect of this preparation on tobacco seedling, the most effective model
of application and the possibility of its application in the standard mode of planting.

The highest effectiveness in the control of damping off disease in tobacco seedling was recorded in variants where
the seed was treated, with and without herbicide application.

The highest stimulating effect of Trianum P on tobacco seedling was recorded in the variant where the seed was
stored in suspension of the preparation and two additional treatments, characterized by the highest total length and
root length.

Trianum P with its fungicidal and stimulating effect on tobacco seedling has a good perspective in the sustainable
production of tobacco.
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OYHI'MIUIHO U CTUMYJATUBHO JEJCTBO HA BUOIIPEITAPATOT
TRIANUM P BP3 TYTYHCKHNOT PACAJ]

I'abure ox pomor Trichoderma ce OMOKOHTPOJIHM arcHCH KOM MMaar 3Ha4yajHa MPUMEHa BO OHoJomikara 0opoa,
HO KCTO TaKa Ce KapaKTepU3MPaaT co MYATH(YHKIMCKO JCjCTBO M JICjCTBYBaaT CTHMYIATHBHO BP3 Pa3BOjoOT Ha
KOPEHOT M PACTCHHETO.

Trianum P e Guonpenapar ynja akTUBHA MaTepHja ce kuBH criopu o1 Trichoderma harzianum T22.

LlenTa Ha OBa UCTpaXXyBame € Jla e YTBPAU BIHjaHHETO HA MPENapaToT BP3 TYTYHCKHOT pacaj, HajeukacHHOT
MOJIEIT Ha alyIMKalija i MOKHOCTA 33 TIPUMEHA NP CTaHap/IHeH HaYrH Ha cenioa.

HajnoOpa edukacHOCT BO KOHTpojaTa Ha OOJieCTa CeUCHhE Kaj TYTYHCKHOT pacaj MOKakaa BapUjaHTHTE CO
TPETUPAHO ceMe, o U Oe3 yrnoTpeda Ha XepOUIHI.

CTuMyaTUBHOTO fejcTBO Ha Trianum P Bp3 TYTYHCKHOT pacaj ¢ Haju3pa3cHO Kaj BapHjaHTaTa Kaje CeMETo ¢
YyBaHO BO CYCIICH3Mja O]l MPEMaparoT W JBa JAOMOJHUTEIHH TPETMAaHH, MITO CE KapaKTepusupa co Hajrorema
BKYITHA TOJDKHMHA M JIOJUKHHATA HA KOPEHOT.

Buonpenaparor Trianum P co cBoeTo GyHTHIINAHO U CTUMYIATHBHO JICjCTBO BP3 TYTYHCKHOT pacaja uma aoopa
MEPCIICKTHBA BO OJPKIMBOTO TIPOM3BO/ICTBO HA TYTYH.

Kayunn 360poBu: Trianum P, ceueme, pyHruunaeH edekrt, pa3Boj, CTUMYJIaTUBEH e€eKT
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INTRODUCTION

Fungi of the genus Trichoderma are antag-
onists and biocontrol agents of pathogens
and their use is of particular importance,
but they also have multifunctional effect on
the plant.

They are found in soil and root system, con-
stantly multiplying stimulated by root ex-
udates and activating numerous biocontrol
mechanisms which attack the pathogen. In
the complexity of actions, antibiosis, my-
coparasitism and food competition are con-
sidered the main mechanisms in biological
control. On the other hand, these agents
have a stimulating effect on root and plant
growth.

Trichoderma spp. are found in soil and root
system and are beneficial to plants (Goes,
2002; Contreras-Cornejo et al., 2009). The
most important benefit of Trichoderma is
that they directly attack and control the
causing agents of diseases, i.e. they have
direct effect on plants (Chet et al., 2006).
They are opportunistic, avirulent plant
symbionts as well as parasites of other
fungi. Colonizing the root, Trichoderma
spp. activate numerous mechanisms that
attack pathogens and stimulate the growth
of plants and roots (Harman, 2004, 2006;
Benitez et al., 2004; Howell, 2003). Trich-
oderma is effective in the control of numer-
ous plant pathogens (Harman, 2004, 2006).
The biocontrol agents are effective,
eco-friendly and low-cost agents that min-
imize the harmful effects of chemicals
(Benitez et al., 2004).

Contemporary research data indicate that
plant growth and biochemical processes are
strongly affected by Trichoderma species.
The colonization with Trichoderma spp. in-
creases plant growth, crop yield, resistance
to abiotic factors and nutrient uptake and
utilization (Saba et al., 2012).

The beneficial effects of Trichoderma are
elaborated in the research of Hermosa et al.
(2012).

According to Shoresh et al. (2010), some

species have direct effect on plants, increas-
ing the growth potential through nutrient
uptake, fertilization, seed germination and
stimulation of defense mechanisms against
biotic and abiotic factors. T. harzianum can
solubilize several nutrients (Altomare et al.,
1999) and colonization of root with T. as-
perellum increases the availability of P and
Fe (Yedidia et al., 2001). Such effects of
Trichoderma species on plant growth were
also reported by Harman (2000).

The antagonistic activity against pathogens
and the stimulation of soil fertility makes
Trichoderma species a good alternative to
harmful fumigants and fungicides (Monte,
2001). Today, there are advanced technol-
ogies for their application in agriculture.
There are numerous preparations, but the
best known among those that use antago-
nistic microorganisms are the preparations
based on various strains of Trichoderma.

T. harzianum strain T-22 is widely accepted
for disease protection instead of chemical
fungicides because it is more secure for the
farmers, provides longer and cheaper pro-
tection and allows better growth of root
system compared to pesticides application
(Harman, 2004).

The T-22 strain has the following charac-
teristics: efficient control of a large num-
ber of soil diseases, improved growth and
development of plant root and increased
absorption of water and nutrients from the
soil, rapid growth on roots of all cultivat-
ed plants, good development in various soil
types, tolerance to wide temperature and
pH range and compatibility with a large
number of active ingredients.

Bandjo (2016) also reported that Tricho-
derma harzianum T22 provides good resis-
tance to soil diseases, strengthens the plant
and stimulates its growth and provides
long-lasting protection. It is efficient in var-
ious substrates and safe for humans, wild
life and environment.

Trichoderma harzianum T-22 in a form of
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water soluble powder or granules for direct
use is registered as a biostimulator and plant
protection agent in many countries, includ-
ing the Republic of Macedonia, under trade
name Trianum P.

The purpose of this study is to determine
the effect of T. harzianum T22 on tobacco,
i.e. the effect of the biofungicide Trianum P

in the control of damping off disease and its
impact on development of tobacco seedling.
The research should also identify the most
effective application model in the standard
way of sowing.

The results of these investigations will de-
termine its place in the sustainable tobacco
production.

MATERIAL AND METHODS

Investigations on the influence of bioprepa-
ration Trianum P on tobacco were carried
out in Scientific Tobacco Institute-Prilep,
in seedbed conditions, with the following
variants:

@ Check - standard treatment with herbicide
and nutrition, without fungicide application
1. Treatment after 15 days

2. Treatment after 15 days (post-sowing -
herbicide)

3. Pre-sowing

4. Pre-sowing (post-sowing - herbicide)

5. Seed treated with Trianum P

6. Seed treated with Trianum P (post-sow-

Application of the biopreparation Trianum P

Trianum P biological fungicide was applied
at a recommended rate of 15 g/10 m2, i.e.
1.5 g/m2 using 2.5-51 water/m2.

- Soil in variants 3 and 4 was treated prior
to sowing with Trianum P at the same rate,
i.e. 5 g/3.33m2 using 10 1 of water. Accord-
ing to the instructions, the preparation was
previously dissolved in 1: 5 ratio and added
to the water by mixing.

- Seed for varieties 5 and 6 was prepared for
sowing the previous day. 5 g of the product
was dissolved in 25 ml water. The seed was
stored in the suspension for 24 hours.
Variants 1 and 2 were treated 15 days after
sowing, at the same rate as other variants.
During the growing season, two more treat-
ments were carried out on the seedling at
15-20 day intervals, by which all stages
of seedling growth were covered. Thus,
seedling of the variants 1 and 2 received 2
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ing - herbicide)

Seed amount of 6.75 g/10 m2 i.e. 0.67 g/
m?2 was used for planting. All variants were
set up in 3 replications and each replication
was 3.33 m2.

Since the purpose of this research was to
determine not only the effect of the prepa-
ration, but also the possible application in
standard way of sowing (with herbicide),
all the variants were repeated, i.e. set up
with the use of herbicide.

Heriticide Gamit (a.i. clomazone) in a rate
0.07 ml/m2 was used after sowing.

treatments and that of other variants 3 treat-
ments.

Health condition of tobacco seedling was
monitored throughout the growing season.
Assessment on the intensity of damping
off disease was made 10 days after the third
treatment, by measuring the infected area in
each replication of the variants. The results
are expressed in percentage of infected area.
Seedling size was measured after the treat-
ments: 10 plants from each replication and
each variant were randomly selected and
total length of seedlings and roots was mea-
sured. The value of the corresponding pa-
rameter from each replication is presented,
as well as the average replication value.
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RESULTS AND DISSCUSION

Influence of Trianum P on the intensity of damping off disease

High intensity of attack was observed in
the check variety (Table 1), which was not
treated with fungicides, but the nitrogen
nutrition led to increased susceptibility to
pathogens and spread of infection. It was
confirmed by Gveroska (2016).

Delayed treatment with Trianum P showed
negative effect on multiplication of
T. harzianum T22 and on the expression of
biocontrol mechanisms, resulting in high-
est percentage of infected area, which was
even higher in variant 2 than in the check.

Gveroska (2013), comparing the Trichoder-
ma applications prior to sowing and 15 days
after sowing, determined the advantage of
the first two models over the third one.

In other variants investigated, the intensity
of attack was lower as a result of the two
additional treatments with biofungicide.
The variants where treatment began 15 days
after had one treatment less, which certain-
ly had some influence on creating the con-
ditions for growth and multiplication of the
biocontrol agent population.

Table 1. Influence of Trianum P on the intensity of damping off disease

Mark Percentage of infected area
Variant Replication
I I 1 Mean value

o Cl.leck (herbl.cl.de, saltpeter; 7.15 4,50 9.91 7.19
without fungicide)

1 Sowing without herbicide; 412 2.15 8.23 4.83
Treatment after 15 days

5 Sowing with herbicide; 18,02 3,04 4,61 8.56
Treatment after 15 days

3 gowing without herbicide; 6,42 1.46 0,59 2.82

re-sowing soil treatment

4 Sowing Wlth h.erblclde; 1,50 222 1,28 1,67
Pre-sowing soil treatment
Sowing without herbicide;

> Seed treated with Trianum P 1,35 0,79 1,22 L.12

6 Sowing with herbicide; 0.59 0.77 1,19 0.85

Seed treated with Trianum P

The lowest values for disease attack were
found in the variants where seed was stored
in suspension of the preparation and with
two additional treatments. In the variant
with treated seed and with herbicide use,
the values were insignificant (Table 1). This
situation is affected by the greater possibil-

ity of development and multiplication of
Trichoderma population due to the possibil-
ity of seed colonization and monitoring the
growtht of root system, stimulated by root
exudates (Handelsman and Stabb, 1996;
Harman 2000; Howell et al., 2000).

Disease attack values were also lower in
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variants where the preparation was applied
in soil, compared to the check and the vari-
ants treated after 15 days (Table 1).
However, with regard to variants 5 and 6
and 3 and 4, higher intensity of damping off
disease was observed in those treated with
herbicide (variants 4 and 6).

T. harzianum is multiplied in the soil as a
natural environment where the possibility
of herbicide influence is lower because it is
bound to the organic matter from the fertil-
izer. Such results for herbicide effect on the
population of T. harzianum are in agreement
with previous studies (Gveroska, 2014), ac-
cording to which the small digression of the

population caused by herbicide application
is compensated or even increased during
the additional treatments.

The biopreparation Trianum P, containing
Trichoderma harzianum T22, has fungicid-
al effect on the causing agent of damping
off disease on tobacco seedling. This is in
agreement with the results of Chacon et al.
(2006) and Devaki et al. (2008) who report-
ed antagonistic action of T. harzianum on
Pythium sp. It also has biocontrolling ef-
fect on Rhizoctonia solani, as confirmed by
Monte (2001), Harman (2000, 2004, 2006),
Chet et al. (2006) and Wilson et al. (2008).

The influence of Trianum P on development of tobacco seedling

According to the data presented in Table
2 and 3, it can be concluded that Trianum
P, despite its strong fungicidal effect, pro-
motes the development of tobacco seedling.
Thus, root length ranges from 5.26 cm in

variant 1 (first treatment of seedlings car-
ried out 15 days after sowing, without her-
bicide) to 14.51 cm in variant 6 - seed stored
in suspension of the preparation, with her-
bicide application).

Table 2. Influence of Trianum P on seedling length (cm)

Replication
Mark Variant Mean value
I II 1

g  Check (herbicidesaltpeter; 12,58 13,47 11,85 12,63
without fungicide)
Sowing without herbicide;

! Treatment after 15 days 575 5,60 4,42 5,26
Sowing with herbicide;

2 11,80 11,98 10,38 11,38
Treatment after 15 days

3 Sowing .WlthOL.lt herbicide; 8.65 6.39 5.8 6.94
Pre-sowing soil treatment
Sowing with herbicide;

4 . . 12,5 12,61 11,8 12,30
Pre-sowing soil treatment
Sowing without herbicide;

S Seed treated with Trianum P 7,80 875 7.0 8,09

6 Sowing with herbicide; 15.00 1525 13.28 14,51

Seed treated with Trianum P
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It can be seen that tobacco seedling in vari-
ants treated with herbicide is larger com-
pared to the variants without herbicide
application.  This situation is expected,
knowing the importance of the competitive
relation of weeds and plants.

Among variants 2, 4 and 6, where herbicide
was applied after sowing, the longest seedling
was observed in variant 6, where the seed was
stored in suspension of the preparation.
Among variants without herbicide applica-
tion - 1. 3 and 5, the seedling with the small-
est length was observed in variant 1, treated
15 days after sowing and the highest length
was measured in variant 5, where the seed
was stored in suspension of the preparation.

Still, the application of biofungicide together
with the seed directly affected the multipli-
cation of Trichoderma harzianum T22 and
its multifunctional activity significantly af-
fected the growth of the seedling. These fun-
gi are commonly used in treatment of seed,
to improve its health condition and to allow
a long-term improvement of plant quality.
If properly quantified, they can represent a
powerful accelerating system of the physio-
logical processes of plant (Saba et al., 2012).
From the results in Table 3 the same con-
clusions can be drawn as for the seedling
length, i.e. appropriate application and fur-
ther treatment of the seedling can affect the
root length.

Table 3. Influence of Trianum P on the length of seedling’s root (cm)

Replication
Mark Variant Mean value
1 II 111

Check (herbicide,saltpeter;

(4] ) . 2,73 3,13 1,92 2,59
without fungicide)
Sowing without herbicide;

1 1,75 1,65 0,62 1,34
Treatment after 15 days
Sowing with herbicide;

2 2,33 3,58 2,26 2,72
Treatment after 15 days
Sowing without herbicide;

3 ) . 2,43 1,75 1,3 1,83
Pre-sowing soil treatment
Sowing with herbicide;

4 ) ) 2,58 2,45 2,38 2,47
Pre-sowing soil treatment
Sowing without herbicide;

5 i . 2,05 2,28 2,43 2,25
Seed treated with Trianum P
Sowing with herbicide;

6 3,73 3,30 3,10 3,38

Seed treated with Trianum P

In variants where herbicide was applied
after sowing, higher root length was mea-
sured compared to the variants without her-
bicide application.

With regard to the model of application, the
maximum root length was measured in the
variant where seed was stored 24 hours in
suspension of the preparation, with two ad-
ditional treatments (Table 3 ).

Additional treatments were also made in
variants 3 and 4, with pre-sowing soil treat-
ment, but the root length was still lower.

Delayed treatment with the preparation dis-
abled the stimulating effect, which is un-
derstandable given the reduced ability of
multiplication of Trichoderma population,
as compared to that in other treatments.

Results on the stimulating effect of Trianum
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P are in accordance with the claims of Har-
man (2000) and Contreras-Cornejo (2009)
that Trichoderma enhances root growth and
increases crop yield, proliferation of sec-
ondary roots, fresh mass and leaf surface.
Yedidia et al. (2001) also reported increase
of dry matter, stalk length and leaf surface.
The correct application model of Trianum
P is important not only for achieving the
fungicidal effect but also for the stimulat-

ing effect. Sowing with seed stored for 24
hours in suspension of the preparation is the
best application model that will provide a
double effect.

The results of our research confirmed the
conclusion of Saba et al. (2012) that Trich-
oderma spp. are endophytic plant symbi-
onts widely accepted in seed treatment for
disease control, improved plant growth and
increased yield.

CONCLUSIONS

- Trianum P biofungicide confirmed its fun-
gicidal effect.

- The highest effectiveness in the control
of damping off disease in tobacco seedling
was recorded in variants with treated seed,
with and without application of herbicide.

- Pre-sowing soil treatment can be, to a cer-
tain extent, an alternative to the treated seed.
- The herbicide application did not show
any adverse effects in these variants.

- Delayed treatment (first treatment of the
seed after emergence) gives the worst re-
sults. In variants where first treatment was
made 15 days after sowing, the lowest fun-
gicidal effect was found.

- The best model of application is to treat
the seed with the preparation (storage in
suspension) before sowing and at least two
additional treatments of the seedling.

- The Trianum P biofungicide has stimulat-
ing effect on tobacco seedling growth.

- The length of the root system, as well as
the total length of seedling depends on the

model of biofungicide application.
- In all models of Trianum P application, the
values are higher with the use of herbicide.
- The highest length of seedling is mea-
sured in the variant where seed was stored
in suspension of the preparation, with two
additional treatments.
- When the preparation was applied in the
soil, also with additional treatments, the
seedling reached the same length as in the
check variant (with saltpeter nutrition).
- Seedlings of the variant where seed was
stored in the suspension of the preparation
with two additional treatments of seedling
had the highest length of the root.
- The other two models of application did
not cause significant change in root length
of the check variant.
-Trianum P with its fungicidal and stimulat-
ing effect on tobacco
seedling has a good perspective in the sus-
tainable tobacco production.
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