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There is no doubt in the fact that preparations containing Trichoder-
ma as the main component are currently a real alternative to synthetic
agrochemicals as antagonists of soil-borne plant diseases and growth
stimulators. The use of this kind of drugs does not always give suffi-
ciently stable results. In addition, technological problems can often arise,
which are associated with the short shelf life of liquid preparations based
on Trichoderma. The use of the solid form of the drug often causes the
problem of self-inhibition of conidia germination. And therefore a more
careful calculation of the optimal dose for each specific strain is required.
The development of multifunctional bio-preparations that are more stable
in their effectiveness, especially preparations that include Trichoderma, is
one of the most important tasks in the system of biotechnology develop-
ment, which determined the relevance of the research.

The aim of the work is to establish the optimal carrier for the immo-
bilization of Trichoderma viride cells and the effect of immobilization
on the stability of drugs. It has been experimentally established that the
growth and development of the immobilized fungus Trichoderma viride
is influenced by the nature and method of modification of the carrier. It
was established that when the fungus immobilized on native and mod-
ified carriers (particle size 0.5 um — 2.5 mm) was seeded on a sterile
nutrient medium, a decrease in the growth rate of Trichoderma viride
was found, compared to the control one where the native fungus was
used. It has been proven that the optimal amount of grinding of both
native and modified media is — 150 um — 1.5 mm. It has been found
that saponite modified with starch is the optimal carrier for 7richoderma
viride immobilization.

It has been proven that upon immobilization of the fungus Trichoder-
ma viride, the latter becomes more resistant to the negative factors of the
growth environment (antagonistic action of the natural conglomerate of
microorganisms residing on spoiled alfalfa hay).

Key words: fungi, cell immobilization, carriers, modified starch, hu-
mic acids, saponite, zeolite, zeolite-containing basalt tuff.

Problem statement and analysis of recent
research. Native culture or preparations of Trich-
oderma viride are widely used in agriculture. The
fungus as the main component of the drug is used
to struggle against a number of soil diseases, in-
crease the yield of grain and leguminous crops.
Preparations containing fungi are used for the
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disposal of crop production waste, unfit for use as
feed of plant origin, etc [3, 21]. The use of Tricho-
derma viride together with arbuscular mycorrhizal
fungi makes it possible to replace chemical fertil-
izers and stimulate an increase in crop yields [16].
Stimulation of plant growth can be manifested
taking into account a number of limiting factors
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such as seeding rate, type of formulation, grow-
ing conditions [4, 17]. Fungi are used in the form
of preparations in the form of liquid and powder.
However, with different technologies that use
preparations containing Trichoderma, various dif-
ficulties arise, under which the effectiveness of the
fungi decreases. The use of native preparations of
Trichoderma in technologies of crop production
or utilization of organic waste does not always
give stable results [21]. These phenomena are
due to the fact that the liquid form of preparations
containing fungi has a short shelf life. When us-
ing loose form of fungi preparations, the feature
of autoinhibition of the process of conidia germi-
nation is manifested. Therefore, this phenomenon
requires careful calculations of the necessary dose
of the drug for each particular strain of fungi [21].
In addition, there is a problem of the lack of local
fungal delivery systems to reduce diseases caused
by soil bacterial pathogens [19].

The multi-vector use of Trichoderma viride in
agriculture requires the development of technolo-
gies for the production of fungi preparations that
are stable in their effectiveness. The issue of the
effectiveness of immobilization (stabilization) of
the fungi on domestic natural minerals — saponins,
zeolites and zeolite-containing basalt tuffs is un-
explored.

Trichoderma refers to filamentous spore fungi.
These fungi produce ascomycetes and belong to
the large class Deuteromycetes. These fungi are
one of the types of mold that is found in almost all
types of soil. Trichoderma viride is the most com-
mon and cultivated fungus. These fungi are widely
used in the national economy [7, 20].

In world practice, a number of methods of
their immobilization have been developed for
more effective use of microorganisms, including
fungi. Immobilization of cells of microorganisms,
their parts and enzymes is a physical limitation
or localization in a certain spatial location. The
latest involves restricting their free movement to
demonstrate hydrodynamic characteristics that
differ from those of the external environment,
while preserving their biological and catalytic
properties. Immobilization allows repeated and
continuous use of cells of microorganisms. De-
pending on the method and method of immobili-
zation of microbial cells, it is possible to prolong
their viability and improve their growth in adverse
conditions [5, 8, 18].

The selection of a suitable carrier (matrix) for
the immobilization of cells of microorganisms
is an important process for obtaining a finished
product with the desired biological properties. The
carriers had to be accessible, have a large surface
area, which would later provide an opportunity for

the growth of microorganisms (satisfactory inter-
stitial space). Under certain technological condi-
tions, the matrix should be easily regenerated and
reusable, not exhibit toxic effects in relation to the
cells of microorganisms, and promote the mani-
festation of catalytic activity. Carriers should have
mechanical and thermal resistance, biological and
chemical stability [9, 11, 12, 14].

Immobilization of cells of microorganisms is
carried out using physical and chemical methods,
including the use of adsorption, encapsulation,
and encapsulation in a gel [15]

To maintain the stability of Trichoderma in the
soil during the warm season, materials (as a ma-
trix) with sorption properties and are a source of
nutrition for the culture are introduced into the soil
together with fungi preparations: peat, cereal bran,
tree bark, compost obtained from the manure of
farm animals, substrates after seafood cultivation
[10, 13].

Biotechnologies of fungi spore encapsulation
with starch borate, starch xanthan or carrageenan
gel have been developed to stabilize drugs.

Technologies for manufacturing alginate gran-
ules with microorganisms and alginate granules
with pyrophyllite clay filler are used [13].

Immobilization of Trichoderma conidia and
chlamydiospores was carried out on wheat bran
and kaolin clay in alginate gel [13]. Both organic
and inorganic carriers are also used for the immobi-
lization of microorganisms. Among organic carri-
ers, starch, pectin, cellulose, gelatin and their forms
modified by physical and chemical methods are
used [1, 2, 6]. As a matrix, calcium alginate, modi-
fied coal from animal bones is used [5, 12, 18].

The aim of the study is to establish the op-
timal carrier and the size of its grinding for the
immobilization of Trichoderma viride fungi cells
and its growth stability in non-sterile conditions.

Materials and methods of research. The
growth of Trichoderma viride fungi was checked
using the PDA medium — potato dextrose agar with
the content of antibacterial drugs (sterile benzyl-
penicillin sodium salt (1000000 units) 0.5 g/dm?
and streptomycin sulfate 0.4 g/dm®). Before using
the medium, it was thermally treated — autoclaved
(25 minutes at a temperature of 121-123 °C).

The native culture of Trichoderma viride
(control) and its immobilized forms were sown on
PDA containing antibiotics. In addition, spoiled
alfalfa hay was treated with native and immobi-
lized drugs. Hay with a moisture content of 64.5 %
was not subjected to heat treatment and treatment
with antimicrobial drugs (non-sterile conditions).
After 14 days of cultivation of hay treated with na-
tive and immobilized preparations of Trichoderma
viride at a temperature of 25-26 °C, the investigat-
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ed fungus was isolated from its samples on pota-
to-dextrose agar.

The prepared PDA nutrient medium was
poured into Petri dishes of 15 cm3 each. Each Pe-
tri dish was numbered, taking into account the ex-
perimental group.

Incubation of cultures of native and immo-
bilized Trichoderma viride on the medium and
cultures of alfalfa silage treated with these fungi
was carried out in a thermostat at a temperature of
26+0.5 °C.

For the immobilization of Trichoderma vir-
ide, such natural minerals were used as carriers:
saponite of the Tashkiv region, gray zeolite, and
zeolite-containing basalt tuff with different levels
of grinding (Table 1). The same grinding was used
for modified saponite, modified gray zeolite and
modified zeolite-containing basalt tuff. Natural
carriers were modified with starch, humic acids
using calcium chloride.

Table 1 — Carrier characteristics

The amount of grinding of the

Carrier native and modified form
From 0,5 up to 150 um
Saponite From 150 umup to 1,5 mm

From 1,5 mm up to 2,5 mm
From 0,5 up to 150 um

From 150 pmup to 1,5 mm
From 1,5 mm up to 2,5 mm
From 0,5 up to 150 um

From150 pm up to 1,5 mm
From 1,5 mm up to 2,5 mm

Gray zeolite

Zeolite-contain-
ing basalt tuff

Immobilization of spores and mycelium of
Trichoderma viride on native and modified carri-
ers was carried out by a physical method. Viridin
preparations were the source of fungi biomaterial.
A carrier was added to the solution of 7richoderma
viride in the presence of 0.05 M calcium chloride
and incubated for 20—22 hours at a temperature of
4.0-4.5 °C, periodically subjecting the mixture to
thorough mixing every 1.5-2.0 hours.

Results and discussion. It was established
that the CFU index in the control (native form of
the fungus) was 3.1x109. Investigating the growth
and development of immobilized Trichoderma
viride fungi, it has been established that these pro-
cesses are influenced by the nature and method of
carrier modification.

After sowing the fungi immobilized on native
saponite (particle size 0.5-150 um), the growth
rate of Trichoderma viride on the nutrient medium
the decrease was found by 238 times compared to
the control. Compared with the options where sa-
ponite modified with starch and humic acids was
used, the growth of the fungus was also lower, re-
spectively, by 8.4 and 4.2 times compared to the
control (Table 2).

The lowest rate of growth of the immobilized
fungus on native saponite was recorded in the
variant where the size of the carrier was crushed —
1.5-2.5 mm compared to the control and variants
where the modified carrier was used.

Under using modified saponite (particle size
1.5-2.5 mm) with starch and humic acids, the
CFU indicator of Trichoderma viride decreases
compared to the option where saponite with a par-
ticle size of 150 um — 1.5 mm was used, respec-
tively, in 8.8 and 23, 7 times.

Table 2 — The Growth of Trichoderma viride on PDA nutrient medium

Indicator Native carrier Carrier modified | Carrier modified

with starch with humic acids
Control 3,2x10° 3,1x10° 3,3x10°
The drug immobilized on saponite (0,5-150 um) 1,3 x107 1,1 x108 5,5 x107
The drug immobilized on saponite (150 pm — 1,5 mm) 5,3 x107 4,7 x108 9,5 x10’
The drug immobilized on saponite (1,5-2,5 mm) 6,9 x10° 5,3 x107 0,4 x107
The drug immobilized on zeolite (0,5-150 um) 0,9 x10° 0,5 x107 6,2 x10°
The drug immobilized on zeolite (150 pm — 1,5 mm) 8,5 x10° 7,3 x107 3,8 x107
The drug immobilized on zeolite (1,5-2,5 mm) 7,7 x10° 6,1 x10° 2,0 x108
The drug immobilized on zeolite-containing basalt o ; p
tuff (0,5-150 um) 1,7 x10 1,0 x10 6,0 x10
The drug immobilized on zeolite-containing basalt o 7 ;
ff (150 ym — 1,5 mm) 9,3 x10 8,2 x10 4,3 x10
The drug immobilized on zeolite-containing basalt 5 ; ;
il (1,5-2,5 mm) 4,5x10 5,2x10 1,5x10
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Comparing the effects of saponite modification
methods, it was proven that upon immobilization
of Trichoderma viride on starch-modified saponite
with a particle size of 150 um — 1.5 mm, the CFU
index of the fungus was higher than when using
native saponite and modified with humic acids,
respectively, by 8.8 and 4 ,9 times. It was found
that the optimal grinding value of both native and
modified saponite is — 150 microns — 1.5 mm.
Thus, when using starch-modified saponite with a
particle size of 150 pum to 1.5 mm, the growth of
fungi on the medium was 4.2 times higher than
when using such a medium with a particle size of
0.5-150 pm.

Sowing of Trichoderma viride immobilized on
native zeolite (particle size 0.5-150 um) showed
that the number of CFU of the fungus was 3444
times less compared to the control. Relative to
variants with a similar particle size of zeolite mod-
ified with starch and humic acids, it was found
that the growth of Trichoderma viride was lower,
respectively, by 55.5 and 65.9 times. The great-
est growth and development of the fungus was
recorded in the variant where the culture immo-
bilized on starch-modified zeolite (150 um — 1.5
mm) was used, compared to other experimental
samples. The indicator was higher in comparison
with the option where the immobilization of the
fungus was carried out on the native carrier and
the carrier modified with humic acids, respective-
ly, by 8.6 times and by 92.1 %.

Studying the growth intensity of Trichoder-
ma viride immobilized on zeolite-containing ba-

salt tuff revealed a decrease in CFU indicators
compared to the control. Comparing between the
immobilized fungi, it was established that the
greatest culture growth was on the medium where
zeolite-containing basalt tuff with a particle size of
150 um — 1.5 mm modified with starch was used.

Comparing the effect of carriers on the growth
of the fungus, it has been found that immobiliza-
tion on saponite, zeolite, and zeolite-containing
basalt tuff leads to a significant decrease in the
CFU index of Trichoderma viride compared to the
control. Saponite modified with starch was found
to be the most effective carrier for immobilization
of the fungus. The most optimal particle size of
natural minerals, both native and modified, was
150 um — 1.5 mm.

During the treatment of spoiled hay with the
native preparation (control) Trichoderma viride,
it was established that during 14 days of cultiva-
tion, the CFU indicator was 4.4x103. It was found
that the growth indicators of the immobilized fun-
gi on the hay were influenced by the carrier and
the size of the particles of the carrier. During the
treatment of spoiled alfalfa silage with a fungus
immobilized on saponite, it was found that the
growth of fungi was 75 times greater than in the
control when using preparations with native sa-
ponite with a particle size of 0.5-150 um. When
using Trichoderma viride immobilized on sa-
ponite modified with starch with a similar size of
particles, the growth of the fungus was 3.9 times
greater compared to the version where native sa-
ponite was used (Table 3).

Table 3 — The Growth of Trichoderma viride on spoiled hay

Indicator Native carrier Carrier modified Carrier modified
with starch with humic acids

Control 4.4x10° 4,0x10? 3,9x10°
The drug immobilized on saponite § 6 s
(0.5-150 ym) 3,3x10 1,3 x10 4,4 x10
The drug immobilized on saponite 9.7 x10° 43 x10° 0.8 x10°
(150 pm — 1,5 mm)

The drug immobilized on saponite 7.8 x10* 6.7 x10° 9.9 x10*
(1,5-2,5 mm)

The drug immobilized on zeolite 4 5 4
(0.5-150 ym) 2,8 x10 5,8 x10 3,9 x10
The drug immobilized on zeolite 7.9 x10* 9.9 x10° 8.9 x10°
(150 pm — 1,5 mm)

The drug immobilized on zeolite 9.7 x10° 8.9 x10* 0.7 x10*
(1,5-2,5 mm)

The drug immobilized on zeolite-contain- 4 s 4
ing basalt tuff (0,5-150 pm) 0,8 x10 2,9x10 2.8x10
The drug immobilized on zeolite-contain- 4 5 "
ing basalt tuff (150 um — 1,5 mm) 7,5x10 9,6 x10 8.8x10
The drug immobilized on zeolite-contain- 4 s 4
ing basalt tuff (1,5-2,5 mm) 3,5 x10 2,9 x10 6,2x10
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Comparing the growth of the fungus immo-
bilized on saponite with different sizes of parti-
cles and different methods of modification, it was
found that the highest growth of Trichoderma vir-
ide on spoiled alfalfa hay was recorded in the vari-
ant where the fungus was immobilized on saponite
modified with starch with a particle size of 150
pm — 1.5 mm.

When hay was treated with preparations of a
fungus immobilized on native zeolite with a parti-
cle size of 0.5-150 um, the growth of the latter was
6.3 times greater than in the control. When using
a fungus immobilized on both native and modified
zeolite, the whitest growth of microorganisms was
recorded when using carriers with a particle size of
150 um — 1.5 mm. Comparing the effect of immo-
bilization of Trichoderma viride on different media
on the growth of the fungus, it was established that
the highest CFU indicators were recorded on treat-
ed hay in the variant where drugs immobilized on
zeolite modified with starch were used.

The growth of the fungus immobilized on na-
tive zeolite-containing basalt tuff with a particle
size of 0.5-150 pm on the hay was more intense
than in the control. The difference according to the
CFU indicator was 1.8 times. Immobilization of
the fungus on zeolite-containing basalt tuff (par-
ticle size 150 pm — 1.5 mm) modified with starch
and humic acids allows to obtain preparations with
better growth on alfalfa hay compared to prepara-
tions immobilized on the native mineral, respec-
tively, by 12.8 times and by 17.3 %. Comparing
the growth indicators of Trichoderma viride im-
mobilized on native and modified zeolite-contain-
ing basalt tuff on alfalfa hay, it was established
that the most intense growth was obtained with the
use of the fungus immobilized on a natural miner-
al modified with starch.

Analyzing the growth of native and immobi-
lized preparations of Trichoderma viride on alfal-
fa hay it has been revealed that the highest rates of
CFU of the fungus were obtained using prepara-
tions immobilized on modified saponite (particle
size 150 um — 1.5 mm).

Thus, we have proved that with the help of
immobilization, the fungus 7richoderma viride
becomes more resistant to negative factors of the
external environment (the antagonistic effect of
the natural conglomerate of microorganisms of
spoiled alfalfa hay), which confirms the data of
researchers [5, 13].

Conclusion. 1. When Trichoderma viride is
immobilized on modified saponite with a parti-
cle size of 150 pm — 1.5 mm, the growth intensity
of the fungus on a sterile nutrient medium PDA
decreases by 238 times compared to the native
preparation.
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2. Among natural minerals (saponite, gray ze-
olite and zeolite-containing basalt tuff) and their
modified forms, saponite modified with starch is
the optimal carrier for immobilization of Tricho-
derma viride fungus.

3. Immobilization of Trichoderma viride on
starch-modified saponite with the participation of
calcium ions allows to maintain 977 times greater
growth of the fungus in an environment with unfa-
vorable external conditions compared to its native
form.

REFERENCES

1. Vovkohon, A.H., Merzlov, S.V. (2018). Sorption
indicators of native and modified pectin as a carrier for
the immobilization of starter cultures. Podilsky herald:
agriculture, technology, economy. 28, pp. 34-38. (in
Ukrainian)

2. Vovkohon, A.H., Merzlov, S.V. (2019). Resis-
tance of native and immobilized yogurt starter to differ-
ent doses of penicillin in milk. Tavriysk scientific bulle-
tin of Kherson DAU, 2, 110, pp. 16-23. (in Ukrainian)

3. Aleksandrova, A.V., Velikanov, L.L. and Sidor-
ova, L.I. (2000). Influence of the fungus Trichoderma
harzianum on soil micromycetes (Effect of Trichoder-
ma harzianum on soil fungi). Mycology and Phytopa-
thology. 34(3), pp. 68-77.

4. Stewart, A., Hill, R. (2014). Applications of
Trichoderma in Plant Growth Promotion. Biotechnolo-
gy and Biology of Trichoderma. pp. 415—-428.

5. Amany Gomaa, I., Lujin, S., AL-Ghamdi.
(2019). Bioremediation of Phenol by Mutated and
Immobilized Aspergillus and Penicillium Species.
Notulae Scientia Biologicae, 11(4), pp. 410-416.
DOI:10.15835/msb11410581

6. Zywicka, A., Wenelska, K., Junka, A., Cho-
daczek, G., Szymczyk, P., Fijatkowski, K. (2019). Im-
mobilization pattern of morphologically different mi-
croorganisms on bacterial cellulose membranes. World
J Microbiol Biotechnol, 35(1), 11 p. DOI:10.1007/
s11274-018-2584-7

7. Butt, T.M., Jackson, C.W., Magan, N. (2001).
Fungi as biocontrol agents. Progress, Problems and Po-
tential. CABI Publishing, 390 p.

8. Covizzi, L.G., Giese, E.C., Gomes, E., Dekke,
R.F.H., Silva, R. (2007). Immobilization of microbial
cells and their biotechnological applications. Semina:
Ciéncias Exatas Tecnologicas, 28, pp. 143—-160.

9. Covizzi, L.G., Giese, E.C., Gomes, E., Dekker,
R.F.H., Silva, R. (2007). Immobili-zation of Micro-
bial Cells and Their Biotechnological Applications.
Semina: Exact Technology Science., 28, pp. 143-160.
DOI:10.5433/ 1679-0375.2007v28n2p143

10. Hoitink, H.A.J., Boechm, M.J. (1999). Biocon-
trol within the context of soil microbial communities:
a substrate-dependent phenomenon, Annual Review of
Phytopathology. (37), pp. 427-446

11. Ibrahim, GA., EL-Gamdi, SL. (2019). Char-
acterization of fungi that able to degrade phenol from
different contaminated areas in Saudi Arabia. Journal
of Biological Sciences, 19, pp. 210-217.


https://www.sciencedirect.com/science/article/pii/B978044459576800031X#!
https://www.sciencedirect.com/science/article/pii/B978044459576800031X#!
https://www.sciencedirect.com/science/book/9780444595768
https://www.sciencedirect.com/science/book/9780444595768
https://www.researchgate.net/profile/Amany-Ibrahim-8
https://www.researchgate.net/scientific-contributions/Lujin-S-AL-GHAMDI-2168355233
https://www.researchgate.net/journal/Notulae-Scientia-Biologicae-2067-3264
http://dx.doi.org/10.15835/nsb11410581
https://pubmed.ncbi.nlm.nih.gov/?term=%C5%BBywicka+A&cauthor_id=30604023
https://pubmed.ncbi.nlm.nih.gov/?term=Wenelska+K&cauthor_id=30604023
https://pubmed.ncbi.nlm.nih.gov/?term=Junka+A&cauthor_id=30604023
https://pubmed.ncbi.nlm.nih.gov/?term=Chodaczek+G&cauthor_id=30604023
https://pubmed.ncbi.nlm.nih.gov/?term=Chodaczek+G&cauthor_id=30604023
https://pubmed.ncbi.nlm.nih.gov/?term=Szymczyk+P&cauthor_id=30604023
https://pubmed.ncbi.nlm.nih.gov/?term=Fija%C5%82kowski+K&cauthor_id=30604023
https://doi.org/10.1007/s11274-018-2584-7
https://doi.org/10.1007/s11274-018-2584-7

tvppt.btsau.edu.ua

Texnonoeisn supobnuymesa i nepepobxu npodykyii meapunnuymea, 2022, Ne 2

12. Silva, L.A., Matioli, G., Gisella, M. Zanin,
Moraes, F. (2021). Batch CGTase Production with
Free and Immobilized Bacillus firmus Strain 37 in Bo-
vine Bone Charcoal. Advances in Chemical Engineer-
ing and Science. 11(01), pp. 91-104. DOI:10.4236/
aces.2021.111007

13. Levis, J.A., Paravizas, G.C. (1985). Charac-
teristics of alginate pellets formulated with Trichoder-
ma and Gliocladium and their effect on the prolifera-
tion of the fungi in soil. Issue Plant Pathology. 34(4),
pp. 571-577.

14. Liu, Y.K., Seki, M., Tanaka, H., Furusaki,
S. (1998). Characteristics of Loofa (Luffa cylindrica)
Sponge as a Carrier for Plant Cell Immobilization.
Journal of Fermenta-tion Bioengineering, 85, pp. 416—
421. DOI:10.1016/S0922-338X(98)80086-X

15. Covizzi, L.G., Ellen, C.G, Eleni, G., Robert,
F.H. Dekker. (2007). Immobilization of microbial cells
and their biotechnological applications. Semina Cién-
cias Exact Tecnologicas. 28(2), pp. 143-160.

16. Metwally, R.A., Al-Amri, S.M. (2020). Indi-
vidual and interactive role of Trichoderma viride and
arbuscular mycorrhizal fungi on growth and pigment
content of onion plants. 70(2), pp. 79-86.

17. Mitiohlo, L., Merzlov S., Merzlova, H., Dud-
nyk, O., Rozputnii, O. (2022). Growth intensity of
Trichoderma Viride at different doses and sources of
copper in the medium. Scientific Horizons, 25(10), pp.
79-86. DOI:10.48077/scihor.25(10).2022.79-86

18. Mrudula, S., Shyam, N. (2012). Immobiliza-
tion of Bacillus megaterium MTCC 2444 by Ca-algi-
nate entrapment method for enhanced alkaline protease
production. Brazilian Archives of Biology and Tech-
nology. 55, pp. 135-144.

19. Shasha, B.S., Trimncll, D., Otey, F.H. (1984).
Starch-boratc complexes tor EPIC encapsulation. Jour-
nal of Applied Polymer Science, 29, pp. 67-73.

20. Igbal, S., Ashfag, M., Humayun Malik, A., In-
am-Ulhaq, Khalid Saifullah Khan and Paret Mathews.
(2017). Isolation, preservation and revival of Tricho-
derma Viride in culture media. Journal of Entomology
and Zoology Studies, 5(3), pp. 1640—1646.

21. Tereshchenko, N.N., Bubina, A.B., Yunuso-
va, T.V. (2014). Using Trichoderma viride for Optimi-
zation of Vermicomposting Processes to Improve the
Quality of Vermicompost and Prolong the Storage Pe-
riod. International Journal of Agriculture and Forestry,
4(5), pp- 343-350.

Copyright: Mitiohlo L. et al. © This is an open-access article distributed
under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium,

3actocyBaHH  MiHepaJlbHHUX  HOCIIB
iMmmobinizauii 7richoderma viride

MirtioJio JI., Mep3aos C.B., Mep3aosa I.B., Oci-
nenko I.C.

[penaparn, mwo wictats Trichoderma sk oc-
HOBHUI KOMITOHEHT, HHHI € PeaIbHOIO aJIbTEPHATUBOIO
CHHTETHYHHUM arpoximikaram SIK aHTaroHiCTH I'PYHTO-
BUX XBOPOO POCIHH il CTUMYISTOPH POCTY. 3acTOCy-
BaHHS TAaKHX IIPEMapariB HE 3aBKAH JAafOTh CTaOLIBHI
pesymnbrati. OKpiM TOTO, 9acTO MOXYTh BHHHKATH
TEXHOJIOTIUHI MpoOJeMH, SKi TMOB's3aHi i3 KOPOTKHM
TEPMIHOM TMPHUAATHOCTI PiAKoi GopMH MpemapariB Ha
ocHOBI Trichoderma. 3acrocyBaHHs TBepmoi (opmu
npernapary 4acto BHKJIHMKae NpoOiieMy camorajibMy-
BaHHS MPOPOCTaHHs KOHIAIK. | ToMy NOTpiOHMIA O1TbII
peTeNbHIH PO3paxyHOK ONTHMAIIBHOT 103U /IS KOXKHO-
ro KOHKpeTHOro mramy. Po3pobnenns Ounbin ctadiib-
HUX 32 CBOEIO E€(EKTHBHICTIO IOJi(YHKIIOHATBHUX
GiompemnapariB, 0COOIMBO MPENapaTiB, A0 CKIATLY SKHX
BXOIuTh Trichoderma, € oqHUM 13 HAHBaXKIUBIIINX 3a-
BIaHb O0I0TEXHOJIOTII, [0 3yMOBWIIO aKTyaJbHICTh I10-
CJTiJPKEHHS.

MeToro po0OOTH € BCTaHOBIIEHHS ONTHMAJIbHOIO
HoCIs Ut iIMmoOuTi3amil KimtuH Trichoderma viride ta
BILIMBY IMMOO1Ti3a11ii Ha cTaOLIBHICTB Mpenaparis. Exc-
MEPUMEHTAJIbHO BCTAHOBJICHO, 1110 HA PICT 1 PO3BUTOK
iMMoOinizoBaHoro rpubda Trichoderma viride BrnBae
npupona i croci6 Momudikarii Hocis. 3a ociBy Ha cTe-
PHIBHOMY MO)KUBHOMY CEPEIOBHILI iIMMOO1J1I30BaHOTO
Ha HaTUBHHX 1 MO (]IKOBaHUX HOCIAX Tpuda (BeIH4H-
Ha 9yacTo4yok 0,5 MKM-2,5 MM) BUSIBICHO 3HH)KCHHS I10-
Ka3HHKa pocty Trichoderma viride mopiBHSHO 3 KOHTP-
oJIeM, e BUKOPHUCTOBYBAIM HATUBHUMU Ipud. JloBeneHo,
110 ONTHMAJIEHOIO BETMIHHOIO TTOJPiOHEHHS K HATHB-
HUX TaK i MomudikoBaHUX HOCIiB € 150 MM — 1,5 MM.
Bussieno, 1mo onTuMaabHAM HOCIEM IS iMMOOI1Ii3a-
uii Trichoderma viride € MmonudikoBaHUN KpoXMaaeM
CAIlOHIT.

JHoseneHo, 110 3a iMmobinizanii rpuba Trichoderma
viride ocTaHili cTa€ CTIMKIIINM JI0 HETaTHBHUX (haKkTo-
piB cepeloBuIia POCTY (aHTArOHICTHYHA i MPUPOJ-
HBOTO KOHITIOMETapy MIKpOOpTraHi3MiB, 110 nepedyBae
Ha 31IICOBAaHOMY CiHai JIFOIIEPHN).

Karwuosi cioBa: rpubu, iMMo0ii3amis KIiTHH, HO-
cii, MmogudikoBaHUH KPOXMajb, TYMIHOBI KHCIOTH, Ca-
TIOHIT, IIEOJTIT, ICONITOBMICHUH 0a3aIbTOBUHA Ty ().
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