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Objective. To study the possibility of production of physiologically active substances by the as-
sociation of micromycetes Trichoderma harzianum 128, which is used for enrichment composted
substrates based on chicken litter. Methods. Microbiological, physiological, accumulative thin lay-
er chromatography, high-performance liquid chromatography (HPLC / MS). Results. T. harzianum
128 produces a significant amount of physiologically active growth stimulanting substances. Soak-
ing of corn seeds in the culture liquid of micromycetes association, diluted with water in 100—
10,000 times, provides a reliable growth stimulation of seedlings and indicates the absence of phy-
totoxicity in microorganisms. The instrumental determination of the content of exogenous phyto-
hormones in pre-purified and concentrated phytohormonal extracts shows a significant amount of
auxins in a culture fluid — their total amount reaches 18.33 ug/g of dry biomass of the producer,
and of cytokinins, in particular, isopentenylidenidine (5.6 ug/g of dry biomass) and zeatin
(0.88 ug/g dry biomass). Association T. harzianum 128 in small quantities produces gibberellic
acids — GK3 (0.34 ug/g dry biomass) and GK+ — 0.23 ug/g of dry biomass). Absorbent acid was
also found in the culture fluid (5.3 ug/g dry biomass), but its amount is four times less than the cor-
responding measures in the known strain T. viride F100001, which was used as a positive control
in the studies. While the introduction of association T. harzianum 128 into the composted chicken
litter substrate, the obtained compost shows high auxin and cytokinin activity. Conclusion. Phyto-
hormones, which are produced by the micromycetes association of T. harzianum 128, can positively
influence the growth and development of plants, play a protective role in adverse environmental
conditions. After introduction of the investigated fungi association to a composted substrate on the
basis of chicken litter it accumulates significant amounts of physiologically active substances of
auxin and cytokinin action. Under these conditions compost acquires new qualitative features.

Key words: Trichoderma harzianum, physiologically active substances, phytohormones, aux-
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Introduction. Since in the majority of cas-
es the quality and safety of composts for agri-
cultural production is determined by the domi-
nant microbiota, solving the problem of biocon-
version of such organic matter as poultry
manure is possible by controlling the status of
microbial populations during its fermentation. A
promising technique may also be the introduc-
tion of bacteria and micromycetes to the sub-
strate that can accelerate the composting pro-
cess, as well as representatives of microbiota
beneficial for plant development. This method
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can not only ensure the waste disposal, but also
obtaining efficient and safe bio-organic fertiliz-
ers, enriched with beneficial microorganisms
and physiologically active substances.

Analysis of recent studies and publica-
tions. The possibility of enrichment of com-
posted substrates with microorganisms has been
investigated in many scientific centres. Thus, in
particular, there were developed composting
technologies that include fermentation of organ-
ic matter via preliminary heating of the raw ma-
terial up to 80 °C followed by its mixing with
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bacterial culture [1; 2]. In addition to technolo-
gies based on the heating of the substrate, there
are methods of poultry manure composting un-
der introduction of Klebsiella sp., Bacillus sp.,
Pseudomonas sp. [3] and other microorganisms
to the substrate [4—6].

We believe that the search for microorgan-
isms-biological agents in the processes of com-
posting of organic matter should take into ac-
count not only their ability to develop in the
substrate and the active mineralization of cellu-
lose, but also the ability to produce physiologi-
cally active compounds. Under this condition,
the resulting compost may have a number of ag-
ronomically valuable properties, including
growth-stimulating activity [7]. This is also con-
firmed by other researchers [8]. Among the mi-
croorganisms which exhibit a complex of fea-
tures important for composting, micromycetes
of the genus Trichoderma are promising. Some
of their representatives, in addition to celluloso-
lytic ability, exhibit antibiotic activity and pro-
duce other physiologically active substances [6;
8; 9]. Organic composting technologies have
been developed using these microorganisms
[6; 10].

Due to the above, the objective of our stud-
ies is to determine the ability of the association
of micromycetes Trichoderma harzianum 128
to produce physiologically active substances,
which is characterized by high mineralization
activity of organic matter while its composting
[11].

Materials and methods. The object of the
study was the natural association of Trichoder-
ma harzianum 128, comprising two strains:
T. harzianum 128/1 and T. harzianum 128/2 [12].

The cultivation of the association was per-
formed by deep method in the periodic culture
in glass bottles on a suspended microbiological
shaker at the rate of 220 rpm and a temperature
of 26x1 °C. The soybean medium [13] and the
Roland-Tom mineral medium [14] were used.
Duration of cultivation was 10 days. The titre of
micromycetes after fermentation was (5-6) x
x 10°CFU in 1 mL.

As a positive control while determining
qualitative and quantitative content of phyto-
hormones we used the known strain 7. viride
PersF100001 (biological agent of the biological
preparation Trichodermine), kindly provided by
the Depository of Microorganisms at D. K. Za-
bolotny Institute of Microbiology and Virology
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of the National Academy of Sciences of
Ukraine.

In order to determine the biomass of the
micromycetes, the spore-mycelium suspension
was centrifuged for 20 min at 9,000 rpm. The
precipitate was washed from the exopolymer
residues with physiological solution three times
and centrifuged each time under the same condi-
tions, then dried to a constant weight in a drying
oven at 100 °C. The precipitate weight was de-
termined by gravimetric method. The superna-
tant was used to investigate the effect on growth
of corn sprouts [14] and to determine the con-
tent of exogenous phytohormonal compounds.

Extracellular auxins, cytokinins, gibberel-
lins and abscisic acid (ABA) were isolated from
the supernatants of the cultural fluids of the mi-
croorganisms via extraction with the following
solvents: ethyl acetate (auxins, ABA), pH —
3.0; ethyl acetate (gibberellins), pH — 2.5; n-
butanol (cytokinins), pH — 8.0 [15; 16]. The
extracts were evaporated under vacuum at 40—
45 °C. The dry residue was re-dissolved in 80 %
ethanol and transferred to the micro-test tubes.
The obtained extracts were stored at —24 °C and
used for cumulative thin-layer chromatography
followed by qualitative and quantitative deter-
mination of phytohormones by high-performan-
ce liquid chromatography (HPLC/MS).

Preliminary purification and concentration
of phytohormonal extracts (cumulative thin-
layer chromatography) was performed on silica
gel plates Silufol UV254 (Chemapol, Czech
Republic) in a mixture of solvents used sequen-
tially: chloroform, 12.5 % aqueous ammonia,
ethyl acetate : acetic acid (20 : 1). The phyto-
hormonal extracts of auxins, cytokinins, gibber-
ellins and abscisic acid thus purified were ana-
lyzed by high-performance liquid chromatog-
raphy (HPLC/MS).

HPLC/MS analysis of phytohormonal ex-
tracts of strains of soil microorganisms was per-
formed at the Center for Collective Use at
D. K. Zabolotny Institute of Microbiology and
Virology of the National Academy of Sciences
of Ukraine.

For the comparison we used the standard
synthetic phytohormones Sigma (Germany) and
Acros Organic (Belgium):

— auxins:

indole-3-acetic acid;

indole-3-carboxaldehyde;

indole-3-carbinol;
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indole-3-carboxylic acid;

indole-3-acetic acid hydrazide;

indole-3-butyric acid;

— abscisic acid:

abscisic acid;

— cytokines:

zeatin;

trans-Zeatin-riboside;

kinetin;

N 6 -(2-Isopentenyl)adenine;

N 6 -(2-Isopentenyl)adenosine;

— gibberellins:

gibberellic acids (GA3, GA4 and GA7).

The qualitative and quantitative determina-
tion of auxins and abscisic acid (ABA) was per-
formed by high-performance liquid chromatog-
raphy (HPLC) using Agilent 1200 liquid chro-
matograph (Agilent Technologies, USA). We
used Methanol (A) and 1 % acetic acid solution
in water (B) as the mobile phase. Separation
was performed on Zorbax SB-C18 chromato-
graphic column (2.1 mm x 150 mm, 3 pum) (Ag-
ilent Technologies, USA), column flow rate was
0.25 mL/min, thermostat temperature — 30 °C,
injection volume — 2 pL. Elution was per-
formed in gradient mode: 0 min — A (30 %) :
:B (70 %); 25min — A (30 %) : B (70 %);
35 min — A (100 %) : B (0 %).

Compounds were detected using a diode ar-
ray detector with signal recording at 254 and
280 nm and absorption spectra fixation in the
range of 191-700 nm. Agilent G1956B mass
spectrometric detector (Agilent Technologies,
USA) was used to determine the molecular
weights of the tested pigments. Ionization was
performed in ESI and APCI mode with positive
ion fixation in SCAN mode in the range of 100—
1,200 m/z. Calibration was performed using
standard auxin solutions and ABA.

Qualitative and quantitative determination
of cytokinins was performed by high-perfor-
mance liquid chromatography (HPLC) using
Agilent 1200 liquid chromatograph (Agilent
Technologies, USA). Methanol (A) and 0.1 %
formic acid solution in water (B) was used as
the mobile phase. Separation was performed
on Zorbax SB-C18 chromatographic column
(2.1 mm x 150 mm, 3 pm) (Agilent Technolo-
gies, USA), column flow rate was 0.25 mL/min,
thermostat temperature — 30 °C, injection vol-
ume — 2 pL. Elution was performed in gradient
mode: 0 min — A (20 %) : B (80 %); 25 min —
A (70 %) : B (30 %); 35 min — A (100 %) :
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: B (0 %).

Compounds were detected using a diode ar-
ray detector with signal recording at 254 and
280 nm and absorption spectra fixation in the
range of 191-700 nm. Agilent G1956B mass
spectrometric detector (Agilent Technologies,
USA) was used to determine the molecular
weights of the tested phytohormones. Ionization
was performed in ESI and APCI mode with pos-
itive ion fixation in SCAN mode in the range of
100-1,200 m/z. Calibration was performed us-
ing standard cytokinin solutions.

The qualitative and quantitative determina-
tion of gibberellins was performed by high-
performance liquid chromatography (HPLC) us-
ing Agilent 1200 liquid chromatograph (Agilent
Technologies, USA) and Agilent G1956B mass
spectrometric detector. Separation was per-
formed on Zorbax SBCI18 column (2.1 mm X
x 150 mm, 3 um) (Agilent Technologies, USA),
the flow rate of the mobile phase through the
column was 0.35 mL/min, temperature of the
column thermostat was 30 °C, injection volu-
me — 3 pL. The elution was carried out in ace-
tonitrile (A)/water + formic acid (B) system in
gradient mode: 20 % of A was kept for 5 min,
then changed A content by gradient from 20 to
80 % for 10 min with a subsequent increase of
A to 100 % for 0.5 minutes This ratio was kept
for the next 8.5 min.

The detection of gibberellins was carried
out using a diode-matrix detector with signal re-
cording at 198 and 210 nm. Mass spectrometric
analysis was performed with the registration of
positive and negative ions in the ratio m/z
(mass-charge) in the range of 190-400 nm. The
fluorescence detector was used at 210 nm in ex-
tinction mode and at 410 nm in emission mode.

The molecular weights of the studied gib-
berellins were determined using a single-quad-
rupole mass spectrometric detector. lonization
was performed in electrostatic spraying (ESI)
mode with the formation of negative ions. Ion
detection was performed in SCAN and SIM (se-
lected ion monitoring) modes in the range of
200500 m/z. GA3, GA4 and GA7 were deter-
mined by comparing the retention time, molecu-
lar weights of the ions, and the spectral charac-
teristics of the obtained peaks. The quantitative
content of GA3, GA4 and GA7 was determined
by the external calibration method by 345, 331
and 329 m/z ions using SIM mode.

The obtained parameters of phytohormone
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content were calculated per 1 g of dry biomass
of association of fungi 7. harzianum 128 and
T. viride F100001.

Model experiments on composting poultry
manure-based organic substrate were performed
in plastic containers, where 5 kg of poultry ma-
nure with a humidity of 60-70 % was intro-
duced. In order to optimize the C : N ratio at the
level of 20 : 1, milled straw in the amount of
0.7 kg and peat — 1.9 kg were added to the ma-
nure. A suspension of 7. harzianum 128 in the
corresponding variant was added to the com-
posted substrate 40 days after the start of com-
posting at the rate of 128 thous CFU/g of dry
substrate. The duration of composting was
7 months. Repetition of the experiment is quad-
ruple.

The resulting composts were soaked in tap
water in a ration of 1: 16 for 1 hour, then fil-
tered through a folded paper filter. The presence
of phytohormones was studied in aqueous ex-
tracts of compost using biotests [15].

Statistical processing of data was performed
using a software program (Microsoft Office
Excel).

Results and discussion. An important fea-
ture of agronomically valuable microorganisms
is lack of their phytotoxicity. Bacterial or fungal
cultures are considered toxic, when causing a
decrease in seed germination of the test culture
or inhibition of growth of sprouts and roots by
not less than 30 % compared to control [14].
According to the results obtained, native cultur-
al fluid (CF) inhibits the development of corn
roots (Table 1).

At the same time, dilution of CF with water
promotes root development compared to the
control variant (soaking seeds in water). In this
case, the effect of CF on root growth is parabol-
ic, which is typical for the action of phytohor-
mones and synthetic stimulants of plant growth
and development. The greatest increase in root
length was observed during the dilution of CF in
the ratio of 1 : 1,000. The results obtained indi-
cate that the studied association of micromy-
cetes has no phytotoxic properties. Furthermore,
fungal CF has a growth-stimulating effect.

Determination of phytohormones in the cul-
tural fluid of micromycetes shows the ability of
microorganisms to synthesize these physiologi-
cally active substances. Thus, 7. harzianum 128
association produces a significant amount of
auxins (in total, the amount of indolyl-3-acetic
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Table 1. Results of determination of phyto-
toxicity of T. harzianum 128 fungal associa-
tion

Variants of experiment Length of Af, %
the root, cm
Control (soaking seeds 769 B
in water)
Soaking seeds in the
. . 2.73 -
digest medium

Soaking seeds in CF of T. harzianum 128
diluted with water:

Native CF 2.52 10.0
CF,1:10 2.75 -3.5
CF,1:100 291 -13.0
CF, 1:1,000 3.14 —26.7
CF, 1:10,000 2.85 9.5
CF, 1: 100,000 2.73 2.3
HIPos 0.03

acid, indole-3-acetic acid hydrazide, indole-3-
carboxylic acid, indole-3-carbinol is 13.5-fold
higher compared the appropriate parameter in
T. viride F100001) (Table 2). Auxins are known
to be responsible for the correction of a number
of processes in the plant organism, the best
known of which is rhizogenesis [17]. Further-
more, indole-3-acetic acid hydrazide is able to
inhibit the development of phytopathogenic
fungi and bacteria [18]. Therefore, we can ex-
pect complex effect of biocompost, obtained
upon introduction of T. harzianum 128 to the
substrate, on the growth and development of
crop plants when used in crop cultivation tech-
nologies.

It has been established that the studied as-
sociation of micromycetes is capable of synthe-
sis of isopentenyl-adenine. This substance be-
longing to the class of cytokinins, is able to
stimulate the synthesis of chlorophyll in plants,
and therefore can potentially positively affect
the process of photosynthesis [19]. Zeatin was
found to be much less in the CF — at the level
of 0.88 ng/g of dry matter of the producer (Tab-
le 3). The production of cytokinins by 7. har-
zianum 128 1s inferior to positive control.

The association of 7. harzianum 128 was
found to produce gibberellic acids — GA3
(0.34 pg/g of dry matter) and GAs — 0.23 ng/g
of dry matter in small quantities (Table 4).
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Table 2. Content of extracellular auxins in cultural fluid of micromycetes

_ . Content of phytohormones, ug/g of producer dry matter
Variants of experiment 1 > S ;

IAA |IAA-hydr.| ‘ICA ICal SIC fotal
Control
(soybean digest medium) 0.09 - 0.33 0.16 - 0.58
T. viride F100001
(soybean digest medium) 1.02 - - - 0.34 1.36
T. harzianum 128
(soybean digest medium) 0.89 16.3 0.63 - 0.51 18.33
T. harzianum 128
(Roland-Tom digest medium) B - 0.40 - - 0.40

Notes: here and in Table 3-5, errors of the arithmetic mean are not provided due to their small values (at

the level of £0.0001-0.0002);
'TAA — indole-3-acetic acid;
’IAA-hydr.— indole-3-acetic acid hydrazide;
SICA — indole-3-carboxylic acid;
*ICal — indole-3-carboxaldehyde;
°IC — indole-3-carbinol.

Table 3. Content of cytokines in the cultural fluid of micromycetes

Variants of experiment Zeatin

Zeatin-
riboside

Isopentenyl-
adenine

Isopentenyl-

Kinetin .
adenosine

Control
(soybean digest medium)

T. viride F100001
(soybean digest medium)

14.2 —

T. harzianum 128

(soybean digest medium) 0.88

5.6 -

T. harzianum 128
(Roland-Tom digest medium)

Table 4. Activity of production of exoge-
nous gibberellins by micromycetes

Gibber- | Gibberel-
Variants of experiment | ellic acid | lic acid
(GA3) | (GAa)

Control
(soybean digest medium) 0.02 0.36
T. viride F100001
(soybean digest medium) | 07 0.38
T. harzianum 128
(soybean digest medium) 0.34 0.23
T. harzianum 128 (Ro-
land-Tom digest medium) Traces 0.17

T. harzianum 128 micromycetes association
is capable of synthesis of abscisic acid (Table 5).
The production of this phytohormone is several
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times less than that of 7. viride F100001. It is
known that a high content of abscisic acid can
inhibit plant growth and development, at the
same time it is a known anti-stress substance
and its presence in the cultural fluid may indi-
cate the ability to initiate plant resistance to
stress conditions using 7. harzianum 128-enri-
ched compost.

Phytohormones produced by T. harzianum
128 association can potentially have a positive
effect on plant growth and development, and
play a protective role under adverse environ-
mental conditions. The ability of 7. harzianum
128 association to produce phytohormones may
indirectly indicate the possibility of enrichment
of the composted substrate by phytohormones,
which will positively affect the quality of the
finished compost.
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Table 5. Production of abscisic acid by
micromycetes

. . Abscisic acid,
Variants of experiment
ug/g dry matter
Control 0.37
(soybean digest medium) '
T. viride F100001 24.0
(soybean digest medium) '
T. harzianum 128 530
(soybean digest medium) '
T. harzianum 128 3
(Roland-Tom digest medium)

In this regard, it is necessary to determine
their content in compost obtained from
T. harzianum 128. However, the instrumental
determination of the quantitative composition of
phytohormones in compost has significant
methodological difficulties. This is primarily
due to the high content of humic compound in
substrate capable of masking and distorting re-
sults. These circumstances led to further re-
search on the use of specific biotests [15].

The obtained results of biotesting indicate
the presence of a large number of auxins in the
compost obtained under exposure to 7. harzi-
anum 128 selected association. When treating
wheat coleoptiles with biocompost extract at a
dilution of 1 : 16, 27 % increment in their length
is observed relative to control (water treatment)
(Table 6).

Table 6. Results of auxin biotest in wheat
colleoptiles

Wheat colleoptiles

Variant of experiment . o
increment, %

Control (water) -

IAA10° M 22.0
Compost obtained without 25
microorganism introduction '

Compost with 270

T. harzianum 128

Note: aqueous extract of composts was obtained
at water ratio of 1 : 16.

The presence of cytokinins in biocompost
was determined by cytokinin biotest on cucum-
ber cotyledons. The results obtained indicate
that the weight of the cotyledons increased by
120 % when treated with compost extract ex-
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posed to 7. harzianum 128 relative to the con-
trol (Table 7).

Table 7. Results of cytokine biotest in cu-
cumber cotyledons

Increment in
cucumber cotyle-
don weight, %

Variants of experiment

Control (water) -

BAP 10*M 196.3
Compost obtained without

. .. . 74.0
microorganism introduction
Compost with 120.1

T. harzianum 128

Note: aqueous extract of composts was obtained
at water ratio of 1 : 16.

It should be noted that compost obtained
without the introduction of micromycetes is sig-
nificantly inferior to experimental compost in
terms of both auxins and cytokinins.

The results of gibberellin biotest on corn
mesocotyles showed that gibberellins in com-
post are present in small quantities. This corre-
lates with data on the content of exogenous gib-
berellins in 7. harzianum 128 cultural fluid.

Thus, the results of biotests demonstrate
that the introduction of T. harzianum 128 to
compost contributes to the accumulation of phy-
tohormones of the auxin and cytokinin nature.

Conclusion. 7. harzianum 128 micromy-
cetes association is capable of synthesizing ex-
ogenous phytohormones, which can have a posi-
tive effect on plant growth and development,
and play a protective role under adverse envi-
ronmental conditions. Upon the introduction of
the studied fungi association to the composted
substrate, compost accumulates significant
amounts of physiologically active substances,
which indicates the achievement of new, posi-
tive features for optimization of the production
process of crops by biofertilizer.
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EK30I'EHHI ®I310JIOT'TYHO AKTUBHI PEHOBUHU
TRICHODERMA HARZIANUM 128 TA IX CUHTE3 3A IHTPOJIYKIIII
MIKPOMILETIB 1O KOMIIOCTOBAHOI'O CYBCTPATY

C. M. Jlepkau, B. B. Boaikorown, B. I1. I'opéanb

[HCTHTYT CipChKOTOCTIONAPCHKOI MiKpoOioorii Ta arponpomucioBoro Bupobnuirea HAAH, M. UepHiris
e-mail: volkogon@ukr.net

Mema. [[ocrioumu modrcaugicme npoOyKy8aHHs Qi3iono2iuHo aKmMusHUX pedosuH acoyiayiero
mikpomiyemis Trichoderma harzianum 128, axa euxopucmogyemvcs 015 30a2aueHHs KOMNOCMO-
8aHUx cyocmpamis Ha OCHO8I Kypsauoeo nociioy. Memoou. Mikpobionociuni, ¢izionociuni, Haxo-
NUYYBANILHOI  MOHKOWApo8oi xpomamozpaii, eucokoepexmusHoi piounHoi xpomamozpagii
(HPLC/MS). Pesynomamu. T. harzianum 128 npooykye 3Hauny KilbKicmb hi3ion02i4HO aKMUEHUX
PICmMCmumynio8anibHUX pedo8uH. 3amMoyy8ants HACIHHA KYKYPYO3U Y KVIbmMypaioHil piouti acoyia-
yii mikpomiyemis, pozdasneniu 6oooro y 100—10 000 pa3zis, 3abe3neyye 00cmosipHe Cmumyii08aHHs.
pocmy npopoCcmKie i ceiouums npo 8i0CYmMHicmsb QimomoxcuuHocmi y Mikpoopeanizmie. [ncmpy-
MEHMANbHe BUSHAUEHHS 8MICY eK302eHHUX (Dimo2OpMOHIE8 Yy NONepeoHbO OYUWEHUX [ CKOHYEeHm-
POBAHUX PIMOOPMOHANLHUX eKCIMPAKMAX c8i0YUmsb NPo 3HAYHY KLIbKICMb AYKCUHIB ) KYIbmypa-
JIbHIU pIOUHi — IX cymapua Kinvkicmo caeae 18,33 mke/e cyxoi biomacu npooyyenma — ma yumo-
KiHiHi8, 30Kpema, i3onenmeninadeniny (5,6 mxe/e cyxoi 6iomacu) i zeamuny (0,88 mxe/e cyxoi
biomacu). Acoyiayia T. harzianum 128 y ne3Haunux KintbKoCmsx npooyKye 2ibepenosi Kuciomu —
I'K3 (0,34 mxe/e cyxoi biomacu) i I'Ks — 0,23 mxe/e cyxoi 6iomacu). Y kynemypanvui piouni ma-
KOJIC 8UABIEHO abcyu308y Kuciomy (3,3 mxe/e cyxoi biomacu), npome ii KiibKicmov y yomupu pazu
MeHwa 3a 8i0noeionutl nokazHux y eioomozo wmamy T. viride F100001, axuii suxopucmosysanu 6
00CNI0NCEHHAX AK NO3UMUBHUN KOHMPOTb. 3a ITHMPOOYKYii 00 KOMROCMOBAHO20 CYOCMpamy HA OC-
HO8I Kypsawoeo nocaioy acoyiayii T. harzianum 128 ompumanuii KOMNOCm NPOsGIAE BUCOK)Y AYKCU-
HO8Y ma YUMOKIHIHO8Y akmueHicmb. Bucnoexu. @imozopmonu, wo npodykye acoyiayis MiKpomi-
yemis T. harzianum 128, mooicyms no3umuHo snausamu Ha picm i po3eumox pociuH, eidiepasamu
3aXUCHY PONb 34 HECNPUAMAUBUX Y MO8 HABKOIUUUHBO2O Cepedosuyd. 3a iHmpooyKyii 00CaioxHcysa-
HOI acoyiayii’ 2pubie 00 KOMINOCMOBAHO20 CYOCMPAMY HA OCHOBI KYPAU020 NOCNIOY Y HbOM) HAKO-
AUYYIOMbCS 3HAYHT KLIbKOCMI (DI3101021YHO AKMUBHUX PEeHO8UH AYKCUHOBOI Ma YUMOKIHIHOB0T Oii.
3a yux ymoe komnocm Haby8ae HOBUX AKICHUX O3HAK.

KitouoBi cnosa: Trichoderma harzianum, izionociuno axmueHi peuoguHu, ¢himozcopmonu,
AYKCUHU, YUMOKIHIHU, 2i00epeninu, adbcyu308a KUcioma, KOMIHOCMU.
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