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ABSTRACT

The application of a biocontrol agent Trichoderma is an effective and environmentally friendly way in tobacco
seedlings protection from the damping off disease. This effect is especially expressed in its greater quantity.
Natural manures have a positive impact on the development of this agent Therefore, the aim of this study was to
determine the impact of different manures on the quantitative presence of Trichoderma spp.

The biggest number of the colony units is found in a goat manure (19.21 x 10* cfu/ g).

Covering the areas sown with tobacco seed with a combination of sheep + goat and sheep + farmyard manure has
a significant positive effect. The greatest quantitative presence of Trichoderma spp. is estimated in combination
sheep + goat manure (48.20 x 10* cfu / g soil).

The right choice of the manure has the positive effect on expression the Trichoderma's biocontrol mechanisms
of and of course, increased opportunity for application of biocontrol in tobacco seedlings protection. At the same
time, it is a real environmentally friendly way to produce healthy tobacco seedlings.
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3IOJIEMYBAILE HA BUOKOHTPOJIHATA AKTUBHOCT HA Trichoderma spp.
CO YIIOTPEBA HA COOJIBETHO I'YBPE

[Npumenara Ha GnokoHTponHUOT areHc Trichoderma e edukaceH M eKONOMIKK HAYMH 32 3aLITUTa HAa TYTYHCKHOT
pacan on Gosiecta cedere. BakBHOT eekT e 0coOCHO M3pa3eH MPU HeroBa IorojieMa 3acTarneHoCT.

[MpuponuuTe ryOpHba MMaaT MO3UTHBHO BIIMjaHHE BP3 PAa3BOjOT Ha OBOj arcHC 3aroa, HeliTa Ha 0Ba HCTPAKyBambe
Oerie a ce YTBPIU BIHMjaHUETO HA PA3IUIHU I'yOpHba Bp3 KBaHTUTaTUBHATA 3acTareHocT Ha Trichoderma spp.
Hajromnem 6poj Ha (hopMuUpaHH KOJIOHWH € KOHCTATHpaH Kaj ko3joro ryope (19,21 x 10* cfu/ g).

[TokpuBameTO HAa MOCEAHNUTE MTOBPILIMHH CO TYTYHCKO CeMe CO KOMOMHAIMja Ha OBYO + K03jO M OBYO + KpaBjo I'yope
MMa 3HauMTelleH To3uTHBeH edekT. Hajronema kBanTHTaTHBHA 3actareHocT Ha Trichoderma spp. e yTBpieHa Bo
KOMOMHaIHjaTa oB4YO + K03jo ryope (48,20 x 10* cfu / g mousa).

BuctuacknoT m360p Ha ryOpe 3a MOKpPHBAaEkE MMa IMO3UTHBEH e(eKT BpP3 CKCIpecHja Ha OMOKOHTPOIHHUTE
MeXaHU3MH Ha AejcTBo Ha Trichoderma m cekako, 3roleMeHa MOXKHOCT 3a TIpUMEHa Ha Oworomkara 6opda BO
3aIlTHTATa Ha TYTYHCKUOT pacai. FicToBpeMeHo, Toa IpeTcTaByBa BUCTUHCKH SKOJIOIIKH HaukH 32 IIPOM3BOACTBO
Ha 3/IpaB TyTYHCKH pacal.

Kayunu 360poBu: ryope, koMOmHaIMja, 3actarneHoct, Trichoderma spp, TyTyHCKH pacaj
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INTRODUCTION

Biological control is contemporary ecological
way for plant protection from diseases which
avoids the problems of chemical protection (ex-
cessive use of pesticides, resistance to pathogens
and negative effects on human health and envi-
ronment). Therefore, it is incorporated into inte-
grated pest management system (Monte, 2001).
Fungi of the genus Trichoderma are among the
most famous biocontrol agents. Their effect has
been confirmed in numerous pathogens and host
plants.

They are present in soil and root ecosystems.
Colonizing the root, they use a number of mech-
anisms by which attack pathogens, but also en-
hance the development of root and whole plant
(Harman, 2004; 2006).

The most Trichoderma species are used in plant
protection, mainly from soil pathogenic fun-
gi and diseases of seeds, including the causing
agents of seed rot, root rot and damping off in
plants (Heydari and Pessarakli, 2010).

The main factor for their ecological success is
the combination of a very active and efficient
mechanisms of defense strategy. There are num-
ber of mechanisms involved: mycoparazitizam,
antibiosi, competition for food and space, toler-
ance to stress by increasing root and plant de-
velopment, improved solubility and adsorption
of inorganic substances, induced resistance and
enzyme inactivation of the pathogen (Harman,
2000; Monte , 2001).

Many species of the genus Trichoderma express
their biocontrol effect against pathogenic fungus
Rhizoctonia solani. Trichoderma harzianum is
the best antagonistic fungi against to this causing
agent of damping off in tobacco seedlings. Its
application on a soil before sowing and several
times in a growing season of tobacco seedlings
has a good result in reducing the intensity of dis-
ease (Gveroska and Ziberoski, 2011). Effect is
the greater in the larger quantity of a biocontrol
agent (Gveroska, 2013). Handelsman and Stabb
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( 1996) estimeted that there is a relation between
the population size of biocontrol agent and the
suppression degree of the pathogen, too.
Therefore, the development of a suitable tech-
nique for the mass production of biocontrol
agent is required for each system of biocontrol
(Heraux et al., 2005). The commercial applica-
tion of antagonist 7. harzianum need maximum
production of biomass with minimal economic
costs (Jahan et al., 2013).

In general, all studies concerning the use of syn-
thetic substances like glucose, cellulose, starch,
etc. According Sargin et al. (2013) solid state
fermentation is an effective method for the pro-
duction of biomass which provides increasing
the colony number and production of conidia.
The ability to develop on inexpensive substrates
makes Trichoderma isolates suitable for applica-
tion as biocontrol agents. It actually provides a
high degree of ecological adaptability in differ-
ent environmental conditions and widespread in
the world (Harman, 2006).

Many authors examined the possibility of using
various "waste" agro-industrial materials (Yadav
2012; Mamo et Alemu, 2012; Duli et al., 2013).
However, the use of organic amendments in the
culture of the antagonist is considered a very
good way to optimize control of plant pathogens
through the use of strong potential of conid-
ia producing (Hutchinson, 1999; Heraux et al.,
2005; Palanna et al., 2007 , Barakat and Al-Mas-
11, 2009).

Different types of manures influence the devel-
opment of biocontrol agent Trichoderma, which
certainly affects its activity. Therefore, the use of
certain manures which have a positive effect on
the number of colony forming units would have
a positive impact on reducing the damping off
disease in tobacco seedlings.

The purpose of this research was to determine
the influence of different manures on Trichoder-
ma spp. quantity.
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MATERIAL AND METHODS

Experiment was carried out in a biological
laboratory. Soil was prepared in the usual
way. 0,3 m? was sowed for each variant.
The biocontrol agent T. harzianum was pre-
viously prepared by sieving the fragment of
the pure culture on substrate - rice, accord-
ing to the method of Soares et al. (2007).
Its incubation was performed at 15 days to
25°C.

Two Erlenmeyer dishes with colony was
used by each variant. It was mixed with
appropriate manure or their mixture, i.e.

combination. Tobacco seed from variety
P79 was sown according to the usual sow-
ing norm (0,5 g/m?). After sowing, soil
was covered with appropriate manure or
combination (mixing them in an equal ra-
tio). Sheep manure ( without application
of a biocontrol agent-BCA) was taken as
a control, while the same, with application
of Trichoderma, as standard. Investigated
variants are given in Table 1.

Table 1. Investigated variants

Variants
0 (Sélleltz;c)kr;qanure withouth BCA 5 Sheep + goat manure
1 sheep manure 6 Sheep + farmyard manure
2 goat manure 7 Sheep + poultry manure
3 farmyard manure 8  Goat + farmyard manure
4  poultry manure 9 Goat + poultry manure
10  Farmyard + poultry manure

The first application of the biocontrol agent
was taken with sowing. The second and
third application were made in intervals of
two weeks. In these cases, biocontrol agent
was applied by drenching with suspension
prepared from the pure culture.

Total number of colony forming units (cfu/g
soil) of Trichoderma spp. was recorded 15
days after each application (three estimata-

tions).Before sowing, a sample was taken
from the soil to determine the possible pres-
ence of Trichoderma spp.

The medium Rose Bengal Agar with an an-
tibiotic Tetracyclin was used. An average
soil sample was taken and made a series di-
lutions to 10, 1ml of the final dilution (10
) was spilled in petri dishes. 20ml of PDA
medium, previously sterilized and
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cooled were spilled. For each variant 5 petri
boxes were used. They were incubated for
10 days at 28°C. After this period, number
of Trichoderma spp. colonies was counted.
It is expressed in colony forming units in

gram of soil (cfu/g soil) multiplied by num-
ber of final dilution.

RESULTS AND DISCUSSION

The presence of Trichoderma spp.
during tobacco seedling vegetation (three
estimations) is shown in Table 2. It was
presence of 0.3 x 10* colonies in the soil
sample before sowing.

According to the presented results, the
lowest number of Trichoderma spp.
colonies at the first estimation is in the check
- soil mulched only with sheep manure.
This situation is noticeable in the other
estimations, too. This is expected because
there is no application of biocontrol agent.
Number of colony forming units in the

other variants ranged from 2,60 x 10* in
goat + poultry manure to 27,40 x10* in
sheep + goat manure and 26,00 x10* in
sheep + farmyard manure. The number of
Trichoderma spp. colonies is the smallest
in variants - sheep + poultry, farmyard +
poultry and sheep manure.

The highest number of colony forming
units was estimated in a combination of
sheep + goat as well as in sheep + farmyard
manure, followed by goat manure and goat
+ farmyard combination (Table 2).

Table 2. The presence of Trichoderma spp.

Variant

Number of colony forming units x 10*

(cfu/g soil)

1t estimation

2" estimation 3 estimation

Sheep manure withouth BCA
(Check)

sheep manure

goat manure

farmyard manure

poultry manure

Sheep + goat manure
Sheep + farmyard manure
Sheep + poultry manure
Goat + farmyard manure
Goat + poultry manure

Farmyard + poultry manure

1,00

430
12,2
6,00
6,00
27,40
26,00
2,80
10,60
2,60
4,20

1,8 1,8
8,32 18,48
18,60 19,21
10,00 16,34
7,80 10,23
34,60 48,20
32,44 39,62
7,84 12,63
24,63 28,30
19,82 22,67
16,45 21,40
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When considering the results in variants
with mulching only with one manure (vari-
ants 1-4) (Figure 1), the number of colonies
is the largest in soil with goat manure. It
certainly influenced on the increasing quan-

Figure 1. Number of colony forming
units in soil mulched with different
manures

The number of Trichoderma spp. colonies
at the second estimation is ranged from
7,80 x10* in poultry (and 7,84 x10* in sheep
+ poultry manure) to 34,60 and 32,44 x10*
in the same variants as in the previous
estimation - sheep + goat manure and sheep
+ farmyard manure.

In all variants, in this estimation there is
an increased population of Trichoderma
than in the first, which is a result of its re-
application and the physiological activity of
the fungus.

At the third estimation, the quantity of
colony forming units is not so distinquished
than the previous estimation. There is
the highest quantity in the same variants
(number 5 and 6). There are noticeable
increasing the cfu/g soil in goat +farmyard
manure and goat + poultry manure, too. In
mulching only with one manure, there is
the highest increasing of cgu/g soil in sheep

tity in combination with sheep, farmyard
and poultry manure (Fig 2). The same situ-
ation is especially noticeable in the second
and third estimation.

Figure 2. Number of colony forming
units in variants goats +farmyard and
goat +poultry manure

manure, from the lowest value in the first
to the second place, in the third estimation.
In the sheep manure, the quantity is geting
satisfuing value (Table 2).

There is an increasing the quantity of the
biocontrol agent over the vegetative peri-
od in variants with its application (Table
2). According to Jayalakshmi et al. (2009),
Trichoderma spp. are able to use a wide
range of substances as a source of carbon
or nitrogen and release amount of enzymes
which decomposes plant polymers into sim-
ple sugars for energy and growth. It allows
them utilizing the manures and intensifica-
tion of development.

According the results, the highest number
of colony forming units during the vegeta-
tive period was estimated in a combination
of sheep + goat as well as in sheep + farm-
yard manure (Figure 3).

It may be noted that the number of colonies
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is the largest when sheep manure is amend-
ed, i.e. combined with goat and farm-
yard manure (Figure 4). Our results are in
agreement with the results of Palanna et
al., 2007, which examined the effect of five
manures and their combinations on 7. viride.
The combination of farmyard + goat has the
best effect in increasing the dry mass of the
colony, sporulation and fungicidal activity
(against Machropomina phaseolina). In the
case of individual manure, the best effect

Figure 3.
Number of colony forming
units in variants sheep+goat
and sheep+farmyard manure

was noted in farmyard, followed by goat
and poultry manure.

In the investigations of Pramodkumar and
Palakshappa ( 2009), the maximum growth
(colony diameter and dry biomass) was
founded in sterilized farmyard manure.
In our investigations, it shows a possitive
effect in increasing cfu/g soil, when it is
combined with others manures (Table 2,
Figure 5).

Figure 4.
Number of colony forming
units in sheep manure and its
combination with other manures

Figure 5.
Number of colony forming units in
farmyard manure and its combination
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The highest values of cfu/g soil are esti-
mated in combinations sheep + goat and
sheep + farmyard manure, as well as goat
+ farmyard. In combination sheep+poultry
manure there was not a positive effect on
Trichoderma quantity (Figure 4).

In studies of Hutchinson (1999), compost-
ed poultry manure inoculated with T.virens
can be used as an economical substrate for
application of this biocontrol agent in con-
trol of weeds. But, in our study, there is not
a signifficant result in the application of this
manure alone or in combination with others
(Table 2).

Quantitative presence of Trichoderma spp.
during the vegetative period of tobacco
seedlings are growing up. There was a low
value in the sheep manure at start, but at
the end of the vegetation we have a good

quantity compared with other varieties.
These results are in agreement with those
of Barakat and Al-Masri ( 2009) who stat-
ed that the number of 7. harzianum ( 10°
cfu g- 1) significantly increased over time
and concentration of organic amendment
- sheep manure. It is certainly not dispar-
aging result because increased quantity of
Trichoderma can be an advantage in rooting
of plants during transplantation.
According to Pallana et al., (2007) the use
of fertilizers to increase its development is
necessary to increase the biocontrol ability
of a biocontrol agent. Therefore, the results
from these studies filled out an aim - to op-
timize the control of tobacco seedling from
diseases through the application of the bio-
control agent with manure which gives the
best effect on increasing its numbers.

CONCLUSIONS

. All investigated manures have a
positive effect on increasing the quantita-
tive presence of Trichoderma spp. in soil.

. In the standard way of mulching in
tobacco seedbeds, there was a greater in-
crease in the number of biocontrol agent in
the third estimation.

. In the case of single manure, there is
the highest number of colonies in goat ma-
nure.

. Significantly positive effect on in-
creasing the quantity of the biocontrol agent
has the mulching of tobacco seed with com-
binations of sheep + goat and sheep + farm-
yard manure.

. Increased number of colony forming
units has the positive impact on expression
of the mechanisms of action in fungi of the
genus Trichoderma, which means increased
biocontrol activity in plant protection from
diseases.

. The application of biocontrol agent
in mulching of tobacco seedbeds with ma-
nure who gives the greatest effect on in-

creasing its quantity means optimizing the
control of tobacco seedlings diseases.

. The real choice of manure also
means a bigger possibility for the use of
biocontrol in tobacco protection from dis-
eases.

. This way of application the biocon-
trol agent and use the biocontrol is an eco-
logical way for producin the healtjy tobacco
seedlings.
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