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Abstract: Trichoderma has the potential to promote
plant growth and is antagonistic to phytopathogenic
fungi. Four Trichoderma strains were isolated from
the rhizospheres of banana (Musa acuminata), nutmeg
(Myristica  fragrans), pepper (Piper nigrum) and
tamarind (Zamarindus indica) (AMCC 1-4). Their
culture extracts were assessed for seed germination,
radical growth in mung bean (Vigna radiata), and
root and corm development in the endangered species
elephant foot yam (Amorphophallus paeoniifolius). The
culture filtrate of all Trichoderma isolates significantly
increased seed germination as well as enhanced the
radical growth of mung bean (Vigna radiata), with the
highest germination and radical growth by the AMCC
3 (90%). The AMCC 3 also enhanced root growth in
yam (10 vs. 20 cm), while corm density increased by
AMCC 2 (5 vs. 10). The analysis by high-performance
liquid chromatography (HPLC) of culture filtrate of the
AMCC 3 showed the presence of indole-3-acetic acid
(IAA) (11.5 pg/ml). All isolates of Trichoderma possess
phosphate solubilization, with the highest solubilization
index by AMCC 1 (1.4). Culture filtrates of all
Trichoderma isolates showed significant in vitro growth
inhibition of the phytopathogen Agroathelia rolfsii,
with the highest inhibition by the AMCC 3 (60%).
On culturing Trichoderma isolates on carboxymethyl
cellulose (CMC) agar for up to four days, all isolates
showed a clear zone around the colonies confirming their

cellulase-producing ability, with the highest production
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from the AMCC 3 (31.3 mm). The internal transcribed
spacer (ITS) gene from AMCC 3 was sequenced and
compared with the NCBI database using the BlastN
program. The DNA sequence of AMCC 3 corresponds
with that of Trichoderma erinaceum. This study reveals
that four Trichoderma isolates from the rhizosphere of
four horticulture plant species possess the plant growth
promotion ability as well as growth inhibition of the
phytopathogen Agroathelia rolfsii with high efficiency
by T. erinaceum (AMCC 3). It qualifies to be adapted as
a plant growth stimulant and biopesticide against fungal
phytopathogens in lateritic loamy soils of southwest
India.

Keywords: cellulolytic activity, growth inhibition,
indole acetic acid, phosphate solubilization, radical
growth, Trichoderma erinaceum

INTRODUCTION

According to the United Nations Food and Agricultural
Organization (FAO), about 20-40% of crop devastation
in developing countries occurs mainly due to diseases
and pests [United Kingdom Food Security Report,
2021]. Among the total crop failure due to pests, up
to 12% is mainly due to the attack of phytopathogens
leading to severe economic losses [Sharma et al.,
2012; Saldafa-Mendoza et al., 2023]. Management
of diseases in economically important crops is of
vital importance for sustaining the quantity as well as
the quality of crop production. Among the different
strategies of disease control, the deployment of
chemicals is popular in most of the regions and many
disease control chemicals are applied at high doses in an
unscientific manner [He et al., 2021; Pandit et al., 2022].
Most of the toxic chemicals that are used by farmers
for controlling diseases are poisonous and profoundly
pollute the environment [Damalas, Koutroubas, 2016;
Naidu et al., 2021]. Nearly 20,000 people in developing
countries are speculated to undergo death each year due
to consumption of foods contaminated with pesticides
[Abodu, 2018]. Indiscriminate use of pesticides is
also responsible for increased cost of cultivation and
development ofresistance in several pests and pathogens.
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Rahaman et al. [2011] reported that 7Trichoderma
species are frequently present in all types of soil, manure
and decaying plant tissues. Their dominance in soil
may be attributed to their diverse metabolic capability
and aggressive competitive nature [Elad, 2000]. Okoth
et al. [2007] isolated 306 Trichoderma strains from
60 soil samples from different regions and observed
Trichodermaharzianumtobethe most frequentlyisolated
species, but in coffee farms, Trichoderma viride was the
most frequently identified species, while Trichoderma
citrinoviride was the most common in Napier farms.
Considering threats of chemical pesticides in plant
pest and disease management, nowadays researchers
are paying more attention to identifying alternative
approaches that reinstate the use of hazardous chemical
pesticides for controlling diseases and pests. Among the
few powerful alternatives, biological control of diseases
and pests is the most preferred, as it is safe, ecofriendly
and cost-effective [Nakkeeran et al., 2004; Moser et al.,
2008]. Till date, several biological control agents have
been registered and are commercially available [Vinale
et al., 2008]. Among them, various Trichoderma species
are the most promising and extensively used biosystems
in the growth promotion and biocontrol agent of crop
plants against phytopathogens [Natsiopoulos et al.,
2022; Tyskiewicz et al., 2022; Saldafia-Mendoza et al.,
2023]. They are well known for their mycoparasitism
against a broad array of plant pathogens, especially
those that live in soils, attacking roots and aerial parts
of economically important crops [Chaube et al., 2002;
Elad et al., 2000; Saldana-Mendoza et al., 2023].
Different species of the genus Trichoderma grow
rapidly in soil and rotting organic matter [Druzhinina
et al., 2011]. Some species of Trichoderma, in addition
to biological control, promote plant growth by their
hormones [Kumar, 2013].

Trichoderma is known for its rapid growth, effective
biofungicide and plant growth-enhancing potential
[Natsiopoulos et al., 2022; Asghar et al., 2024]. This
is very popular in the farming sector due to strong
adaptability, eco-friendliness, low production cost and
broad-spectrum activity against many phytopathogens
[Sood et al., 2020]. They have been used as a biocontrol
agent since their first application in the 1930s to control
plant pathogens [Ha, 2010]. The Trichoderma controls
plant pathogens by mechanisms such as the production
of antibiotics, parasitism, and stimulation of defense in
host plant species [Saldafa-Mendoza et al., 2023]. It
has been observed that native isolates of Trichoderma
perform better with respect to control of plant pathogens
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compared to non-native strains as they adapt very easily
[Harman, 2011]. They also form associations with
the host plant species quickly and exert effects like
resistance to pathogens and promotion of plant growth
[Jambhulkar et al., 2024]. In addition to biocontrol
activity, Trichoderma is also known for its plant growth
promotion potential [Stewart, Hill, 2014; Natsiopoulos
et al., 2022]. The effectiveness of Trichoderma as
a bioinoculant can be harnessed better if sufficient
numbers of its isolates from different geographic
locations are available [Naher et al., 2019]. The present
study characterizes four 7richoderma isolates obtained
from the rhizospheres of horticulturally important
plant species for plant growth promotion and control
of phytopathogens in southwest India for their future
applications.

MATERIALS AND METHODS

Soil  samples and isolation of Trichoderma.
Rhizosphere soil samples from healthy plant species
of banana (Musa acuminata Colla), nutmeg (Myristica
fragrans Houtt.), pepper (Piper nigrum L.) and
tamarind (Z7amarindus indica L.) were collected in
sterile polythene sachets, brought to the laboratory
and processed to isolate Trichoderma strains following
the serial dilution technique. One ml of aliquots of
the 10 dilution was plated on Trichoderma selective
medium [(KH,PO,, 0.9 g; NHNO,, 1.0 g; MgSO,,
0.20 g; KCl, 0.15 g; glucose, 3.0 g; Rose Bengal, 0.15
g; chloramphenicol, 0.25 g; streptomycin, 0.05 g;
agar, 15 g; pentachloronitrobenzene (PCNB), 0.3 g;
distilled water, 1 1)]. After the emergence of colonies
on the medium, they were purified by the hyphal plugs
from colony margins. Isolates of Trichoderma were
confirmed based on morphological characteristics
(Tab. 1). Fast-growing isolates from each plant species
were selected for further study and they were deposited
in Alva’s Microbiology Culture Collections (AMCC).

Plant growth stimulation: Seed germination and radical
growth. To test the impact of Trichoderma culture
extracts on seed germination of green gram [(Vigna
radiata (L.) R. Wilczek)], 25 healthy seeds were sown
on Whatman Ne 1 filter paper spread on standard Petri
plates. Ten ml of culture filtrate was added to each Petri
plate, which was allowed to germinate for up to two days
in the dark at laboratory temperature (284+2°C). After the
second day, germinated seeds were scored to calculate
the percentage of germination. Three replicates each of
100 seeds were maintained to test the culture filtrates.
Seeds incubated in distilled water instead of culture
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Table 1. Colony characteristics of Trichoderma isolates from four horticulture crops.

Colony characteristics

Initially, the colony colour was light green in the centre

gradually becoming dark green on PDA medium.

Whitish to pale green mycelial mat uniformly grown

in 3-4 days on PDA, which is gradually becoming whitish.

Initially, mycelia were whitish to greenish, gradually

turning into deep green from the centre of the colony.

Trichoderma Rhizosphere
isolate Ne soil
AMCC 1 Banana
AMCC 2 Nutmeg
AMCC 3 Pepper
AMCC 4 Tamarind

Initially, the colony was whitish to light green, with watery

in centre, gradually turning into deep grass green.

filtrate served as a control.

To assess seed growth stimulated by Trichoderma
culture filtrates, a seedling bioassay of green gram was
carried out [Garuba et al., 2015]. Seeds were surface
sterilized by immersing them in ethanol (96%; 1
min) followed by sodium hypochlorite (6% available
chlorine; 3 min) followed by ethanol (96%; 0.5 min)
and three washes in sterile distilled water. Twenty-five
seeds per Petri plate (10cm diam.) were treated with
culture filtrates as described for seed germination in
the dark at laboratory temperature (28+£2°C). Surface-
sterilized seeds soaked in filter paper-lined Petri dishes
with distilled water served as a control. Radicle length
of germinated seeds was measured using a slide calliper.

Growth promotion. The TUCN red listed threatened
species, elephant foot yam tubers were washed
thoroughly with running tap water, followed by
household bleach (20%, 30 min), followed by three
rinses in sterile distilled water. The basal region of
surface-sterilized tubers was then dipped in the culture
filtrates of Trichoderma isolates for up to one hour
and the basal region was incubated touching the soil.
Simultaneously, surface-sterilized tubers soaked in
distilled water served as a control.

Detection of IAA. Trichoderma isolate AMCC 3 was
grown on potato dextrose broth for up to 10 days at
laboratory temperature (28+2°C), followed by filtering
through filter paper (Whatman Ne 1). The filtrate was
extracted with ethyl acetate and subjected to high-
performance liquid chromatography (HPLC). Extracts
were passed through the Sunfire C-18 column (5 pum,
4.6 x 250 mm) with a flow rate of one ml per min
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under isocratic conditions with a separation solvent
(40% methanol and 60% of a 1% acetic acid) [Amina
et al., 2017]. A 20 pl aliquot of extract was used for
injection to the detector (228 nm and 280 nm). Data
acquisition was performed by Empower 2 software
(Waters Corporation, Massachusetts, USA). An AR-
grade indole-3-acetic acid (IAA) was used as a standard
(HiMedia Pvt. Ltd., Mumbai, India).

Phosphate  Solubilization. Plugs of five-day-old
Trichoderma isolates on PDA (5 mm diam.) were
inoculated at the center of the Petri plate containing
the Sperber’s agar medium (CaCl, 10%; K HPO,,
10%) [Sperber, 1957]. Phosphate solubilization
was envisioned by the appearance of a clear zone on
Sperber’s plates, the diameter of clear zones along
with the colony was measured using a slide calliper to
calculate the phosphate solubilization index (PSI).

pS] — Diameter of colony + Clear zone (mm)

Colony diameter (mm)

Growth inhibition: Isolation of Sclerotium. Fungal-
infected elephant foot yam [(4dmorphophallus
paeoniifolius (Dennst.) Nicolson)] was rinsed in tap
water followed by sterile distilled water. The infected
portion was excised and a few pieces were surface
sterilized by rinsing in mercuric chloride (0.1%)
followed by sterile distilled water. Surface-sterilized
pieces were plated onto chloramphenicol-amended
Potato Dextrose Agar (PDA) plates. The isolated fungal
pathogen was purified, and its identity was confirmed as
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Agroathelia rolfsii (Sacc.) Redhead & Mullineux and
maintained on PDA slants until further studies.

Antagonistic activity. The antagonistic efficiency of
Trichoderma isolates was assessed by dual culture
technique against Sclerotium [Es-Soufi et al., 2020].
Agroatheliarolfsii and Trichodermaisolates were grown
on PDA for up to seven days at laboratory temperature
(28+2°C). Culture discs (5 mm) of Agroathelia from the
colony periphery were aseptically transferred to PDA.
The Trichoderma isolates were aseptically transferred
into the same plate opposite to A. rolfsii. The plates
were incubated at laboratory temperature (28+2°C) for
seven days. Percent growth inhibition was calculated
based on the diameter of colonies. Culture discs of 4.
rolfsii in plates without Trichoderma isolates served as
a control.

(Where C, is the colony diameter of A. rolfsii without
Trichoderma isolate; T, is the colony diameter of A.
rolfsii along with Trichoderma isolate).

x 100

Inhibition (%) =

Cellulolytic  Activity. Trichoderma isolates were
inoculated onto mineral salt medium (K,HPO,, 1 g;
NaNO,, 0.5 g; MgSO,.7H,0, 0.5 g; FeSO,.7H,0O,
0.02 g; KCI, 0.2 g; agar, 20 g; distilled water, 1 1; pH
7.5) supplemented with 0.05% (w/v) carboxymethyl
cellulose (CMC) plates and incubated up to four days
at laboratory temperature (28+2°C) [Demissie et al.,
2024]. On the fourth day, the plates were flooded
with an aqueous solution of Congo red (1%). The
isolates showing a clear zone around the growth were
considered positive for cellulase production.

Molecular Identification. Trichoderma isolate AMCC
3 was identified based on sequencing of the Internal
Transcribed Spacer (ITS) region. The sequence thus
obtained was analyzed by using BLAST (https://blast.
ncbi.nlm.nih.gov/Blast.cgi) (Morgulis et al., 2008]. The
top five sequences of taxa belonging to the Trichoderma
species, compatible with the isolate of this study, were
obtained to construct the phylogenetic tree. Multiple
sequence alignment of six sequences was established
using ClustalW software, which was used to construct
a phylogenetic tree through the Neighbour-Joining
method [Saitou, Nei, 1987]. Statistical significance
was evaluated with a bootstrapping of 500 repetitions
[Felsenstein, 1985].
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Data analysis. The difference in seed germination,
seeding growth and growth inhibition of 4. rolfsii by
Trichoderma isolates against control were assessed
using a t-test [StatSoft Inc, Version 8, 2008]. The
same test was applied for phosphate solubilization and
cellulase production between isolates.

RESULTS AND DISCUSSION

Trichoderma isolates obtained from the diverse
rhizosphere habitats in the present study may be due
to their varied metabolic capabilities and aggressive
competitiveness  against other  microorganisms
in lateritic loamy soils of southwest India. Four
rhizosphere isolates of Trichoderma assessed for plant
growth stimulation and pathogen inhibition showed
diverse results.

Plant growth stimulation. A key component of the
performance of crops is due to complex traits of seed
vigour. Crop yield and resource use efficiency depend
on successful plant growth in the field (the ability of
seeds to germinate and establish seedlings rapidly across
diverse environmental conditions) [Finch-Savage,
Bassel, 2016]. Culture filtrates of all Trichoderma
isolates in our study significantly enhanced the
germination of seeds of mung bean (p<0.05), with the
highest rate of germination by AMCC 3 (60 vs. 90%)
(Fig. 1A). Culture filtrates of three isolates (AMCC 2-4)
also significantly increased the radical growth of mung
bean (p<0.05), with the highest radical length by AMCC
3 (87.2%) (Fig. 1B). Among four Trichoderma isolates,
culture filtrate of AMCC 3 significantly enhanced root
growth in Amorphophallus paeoniifolius (10 vs. 20 cm)
(p<0.05), while corm density was also significantly
increased by AMCC 2 (5 vs. 10) (p<0.05). Inayati et
al. [2021] suggested that Trichoderma virens serve
as a potential growth promoter and biocontrol agent
against pathogens of mung bean. Isolates of 7. virens
(Tv3 and Tv4) showed increased height and biomass
of mung bean [Inayati et al. 2021]. Okoth et al. [2011)
reported that 7richoderma increases seed germination
and promotes the growth of primary root length and
root branching in maize and beans by inducing lateral
root growth. In plants, auxins have been demonstrated
to initiate lateral root growth by Casimiro et al. [2001].
Trichoderma virens (isolates Tv3 and Tv4) showed
significantly high [A A synthase in leaves of mung bean
[Inayati et al., 2021].

Contreras-Cornejo et al. [2009] showed that
Trichoderma spp. produced indole-3-acetic acid (IAA)
that promoted the lateral root formation in Arabidopsis



KAVYA ET AL: TRICHODERMA FROM INDIA

100

*
A
80 % hd
3
§ 60
s
[
E 40
&
o
20
0
Control AMCC1 AMCC2 AMCC3 AMCC4
Control and isolates
0 87.2% B
_ 25
0/
£ 20 1% 30.8%
& *
S 7.7%
515 °
8
5 10
©
[:4
5
0
Control AMCC1 AMCC2 AMCC3 AMCC4
Control and isolates
16
] c
s 12
]
©
£
§os8
S8
S 04
[=}
"
o
0
AMCC 1 AMCC 2 AMCC 3 AMCC 4
Isolates

Figure 1. A, Influence of 7Trichoderma culture filtrate
on seed germination of mung bean; B, Influence of
Trichoderma culture filtrate on growth of radicle
of mung bean; C, Phosphate solubilization index
of Trichoderma isolates (n=3, mean£SD; t-test, *,
p<0.05).

thaliana. It was similar to in vitro experiments carried
out by Hexon et al. [2009] that promoted lateral roots
in Arabidopsis thaliana by Trichoderma spp. by 1AA.
Inayati et al. [2021] demonstrated that 7. viriens produce
a high quantity of IAA on Czapek Dox agar. The leaf
as well as tiller numbers have been found significantly
higher in rice plants treated with Trichoderma spp.
compared to control and NPK treatment [Doni et al.,
2014]. Piotrowski and Volmer (2006) showed that the
genomes of Trichoderma spp. contain many genes that
encode nitrilases as compared with other fungi. Such
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nitrilases may have a role either in hydrolyzing f cyano
l-alanine (a metabolite formed from cyanide release
during the final step of ethylene biosynthesis) or in
converting the plant metabolite indole 3 acetonitrile
into IAA. In our study, the HPLC analysis of standard
IAA (HiMedia Laboratories Private Limited, Mumbai,
Maharashtra, India) and culture filtrate of AMCC 3
revealed the presence of a moderate amount of [AA
(11.5 pg/ml) (Fig. 2A, B). The retention time of TAA
of isolate AMCC 3 (13.926 min) was matched with
standard TAA at 228 nm. According to Contreras-
Cornejo et al. [2009], T. virens produced IAA, indole-
3-acetaldehyde (IAAld) and indole-3-ethanol (IEt),
which have played pivotal roles in plant growth and
development. Substantial production of [AA by AMCC
3 might have resulted in increased germination as well
as enhanced radical length of mung bean.

Phosphorus is the second most important
macronutrient needed for the plants, next to nitrogen.
Due to the scarcity of phosphorus in soluble form, it is
reported that soluble phosphorus is a critical factor for
the production of many crop systems [Xiao et al., 2011].
Some microbes are capable of dissolving insoluble
forms of phosphorus and making it available for plant
growth. Trichoderma virens showed high phosphate
solubilizing activity in plate assays after six days
[Inayati et al., 2021]. All the isolates of Trichoderma in
our study showed phosphate solubilization in Sperber’s
medium. The PSI was significantly higher in AMCC 1
(1.37) (p<0.05) compared to other isolates (1.12-1.23)
(Fig. 1C). The PSI represented by Trichoderma isolates
in our study fairly matches with that of some strains of
T virens as reported by Inayati et al. [2021].

Growth  inhibition.  Trichoderma  spp. possess
antagonistic and mycoparasitic potential, hence
reducing the disease severity [ Viterbo, Horwitz, 2010].
With an intention to study the antagonistic property
of the isolated Trichoderma isolates, pathogenic fungi
A. rolfsii was isolated from the yam and cocultured
with Trichoderma isolates (Fig. 3A). All the isolates
significantly inhibited the growth of 4. rolfsii (35-60%)
(p<0.05), with the highest inhibition by AMCC 3 (60%)
(p<0.01). Inbar et al. [1996] reported that Trichoderma
parasitizes the A. rolfsii and controls its growth.
Conidial suspensions of Trichoderma spp. prevented
many diseases in sunflower and mug bean caused by
A. rolfsii (e.g., damping off, root rot and seed rot) along
with growth enhancement [Yaqub, Shahzad, 2008].
Siddiquee et al. [2012] demonstrated inhibitory effects
of volatile and non-volatile antifungal compounds
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Figure 2. HPLC chromatogram: A, IAA profile of standard; B, [AA profile of AMCC 3.

produced by Trichoderma. Harzianum, T. roseum
against Ganoderma boninense, which is causing stem
rot in oil palm.

Culture filtrates of Trichoderma are known to
possess several secondary metabolites [e.g., 6-nonylene
alcohol, massoilactone, methyl-cyclopentane, methyl-
cyclohexane, N-methyl pyrollidine, dermadin,
ketotriol, koningin-A, 3-methyl-heptadecanol, 2-methyl
heptadecanol, palmitic acid, 3-(2’-hydroxypropyl)-4-
(hexa-2’-4-dineyl)-2-(5H) furanone and 3-(propenone)4-
(hexa-2’-4’-dineyl)-2-(5H)-furanone] [Dubey et al.,
2011). Dubey et al. [2011] also demonstrated that
secondary metabolites extracted from Trichoderma
inhibited plant pathogenic fungi (e.g., Fusarium

16

oxysporum and Rhizoctonia bataticola). Similarly,
Vinale et al. [2009] evaluated production and antibiotics
produced by 7. harzianum strains in vitro and found
several major compounds synthesized against many
pathogenic fungi and they showed different levels of
antibiotic activity.

Mycoparasitism of Trichoderma spp. is a complex
phenomenon, which recognizes signals from the
pathogenic fungus, coils around host hyphae and
penetrates. The lytic enzymes, such as chitinases,
glucanases and proteases of Trichoderma, degrade the
host cell, leading to the death of the pathogen [Steyaert
et. al., 2004; Sharma et al., 2012]. Singh et al. [2018]
found that Trichoderma releases cellulases that degrade
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Figure 3. A, Inhibition of Agroathelia rolfsii colony
growth under the influence of Trichoderma isolates
(n=3, mean£SD; t-test, *, p<0.05, **, p<0.01); B,
Diameter of carboxymethyl cellulose digestion by
Trichoderma isolates (n=3, mean£SD; t-test, ***,
p<0.001).

cellulose and it also enhances the decomposition of
organic matter. It has been reported that the cell wall
disruption of pathogenic fungi (e.g., Pythium spp.)
takes place by production of cellulase [Zerillo et al.,
2013]. Nevalainen and Penttild [1995] demonstrated
that cellulases hydrolyze B-1,4 glucans and serve as
the most effective weapons for biological control of
plant diseases. Hyder et al. [2017] reported cellulose
activity by Trichoderma spp. All the Trichoderma
isolates produced a clear zone upon adding Congo
red dye solution around the colony grown on CMC
medium, indicating production of cellulase (Fig. 3B).
Isolate AMCC 3 produced a significantly higher clear
zone compared with other isolates (31.33 vs. 10.33-13
mm) (p<0.001). Mostly, Trichoderma isolates in the
present study employ cellulase to control pathogens
and decompose organic matter to meet its nutritional
requirements.
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Phylogeny of AMCC 3. As Trichoderma isolate AMCC
3 emerged as almost the best-performing isolate for
seed germination, enhancing radical length, growth
inhibition of A. rolfsii and high cellulase production,
hence it was subjected to ITS1 and ITS4 sequence
analysis [Samuels et al., 2009]. A phylogenetic tree was
constructed for AMCC 3 based on its ITS sequence with
the ITS regions of six Trichoderma isolates obtained
from GenBank (http:/ncbi.nih.gov) as a reference.
Based on the BLASTN search and phylogeny analysis,
isolate AMBC-3 was matched best with Trichoderma
erinaceum Bissett, C.P. Kubieck & Szakacs (Fig. 4). In
fact. Trichoderma erinaceum is alreadv well known for

Trichoderma hamatum strain THM2

83%

Trichoderma viride strain TV1

78%

Trichoderma asperellum strain TR15
85%

Trichoderma hamatum strain THM4

85%

Trichoderma hamatum isolate 37

Trichoderma erinaceum — AMcc-3

Figure 4. Phylogenetic tree of Trichoderma isolate
AMBC 3 matching with Trichoderma erinaceum.

the protection of tomato plants (Solanum lycopersicum
L.) against the vascular wild pathogen Fusarium
oxysporum due to the expression of chitinases and
glucanases [Aamir et al., 2019].

CONCLUSION

Four Trichoderma isolates derived from the rhizosphere
of four horticulture plant species in southwest
India revealed plant growth promotion, phosphate
solubilization, growth inhibition of phytopathogenic
fungi Agroathelia rolfsii and cellulolytic activity. The
isolate AMCC 3 is phylogenetically corresponding with
Trichoderma erinaceum. It has shown the highest seed
germination as well as radical length in mung bean. It
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also showed good phosphate solubilizing activity, [AA
production, the highest inhibition against A. rolfsii and
the highest cellulolytic potential among the isolates.
Further precise evaluation of 7. erinaceum (AMCC 3)
needs to adapt as a potential plant growth stimulant and
biocontrol agent in the native lateritic loamy soils of
southwest India.
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Trichoderma bitki artimini stimullagdirmaq potensialina
malikdir vo fitopatogen goboloklorin antaqonistidir.
Dord Trichoderma stammi banan (Musa acuminata),
muskat (Myristica fragrans), bibar (Piper nigrum)
vo Hindistan tamarindast (7amarindus indica) (AMCC
1-4) rizosferlorindon ayrilmigdir. Onlarin  kultura
ekstraktlart  mas  paxlasinda  (Vigna  radiata)
toxumlarin  clicormasi, radikal artim vo nosli
kosilmokds olan Yemoli fil ayag (Amorphophallus
paeoniifolius)  bitkisinin kdk yumrunun inkisafi
icliin  qiymotlondirilmisdir. ~ Biitin  Trichoderma
kulturalarmin ~ filtrati  toxumlarin  clicormosini
ohomiyyotli  dorocodo  artirmig, homginin  mas
paxlasmnin radikal bdyiimesini artiraraq, AMCC 3
(90%) ilo ylksok clicormo vo inkisaf  nilimayis
etdirmisdir. = AMCC 3 homginin Yemsli fil ayagi
bitkisinin kokiiniin bdyiimesini  siiratlondirmis (20
ilo miiqayisade 10 sm), kokylimurusunun sixlig
AMCC 2 (10 ilo miigayisads 5) kimi artmigdir. Yiiksok
gostoricili maye xromatoqrafiyas1 (HPLC) ils
AMTC 3-iin kultura filtratinin tohlili indol-3-sirke
tursusunun  (IAA) (11.5 pg/ml) movcudlugunu
gostorib. Trichoderma cinsinin biitiin niimunslori AMCC
1 (1.4) ilo on yiksok holl olunma indeksi ilo
fosfatlar1 hall etmo qabiliyystine malikdir. Biitiin
Trichoderma  nimunolorinin  kultura filtratlar
fitopatogen Agroathelia rolfsii ndvinin in vitro
artimint ohomiyyatli derocads inhibs edir, AMCC 3
(60%) ilo on yiiksok inhibs miisahido edilmisdir.
Trichoderma izolatlarin1 karboksimetilseliiloz (CMC)
aqarda dord gilinadok becordikds, biitiin nlimuna
koloniyalarinin otrafinda onlarin sellillaz istehsal
qabiliyyatini tosdigloyon aydin zona gorliniir vo
on yiiksak natico AMCC 3 (31.3 mm) ilo olds
edilmisdir. AMCC 3-iin daxili transkripsiya sahosi
(ITS) geni ardicillagdirilib vo BlastN proqramindan
istifado edorok NCBI verilonlor bazasi ilo miiqayiso
edilib. AMCC 3-tin DNT ardicilligt Trichoderma
erinaceum noviiniin ~ ardicilligma  uygundur.
Bu todqiqatda dord bageiliq bitkisi noviiniin
rizosferindon dord Trichoderma niimunoesinin bitki
inkisafin1 siirotlondirdiyi, homg¢inin 7. erinaceum
(AMCC 3) novinlin fitopatogen Agroathelia
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rolfsii  novinin boylimesine yiiksok effektivliklo
manes torotdiyi gostorilmisdir. NOv Hindistanin
conub-qorbindaki laterit gilli torpaqlarda gobolok
fitopatogenlorine qars1 bitki inkisafinin stimulyatoru
vo  biopestisidi  kimi  istifado  edilo  biler
Acar sozlor: selliilolitik aktiviik, inkigafin inhibasi,
indol sirka tursusu, fosfati hall etma qabiliyyati, radikal
inkisaf, Trichoderma erinaceum

CTumyJsisinus pocTa pacTeHUil U
NPOTHBONATOreHHAs] TPUOKOBAasi AKTUBHOCTH
YyeTbIpex pu3ochepHbIX U30asTOB Trichoderma ¢
oro-3anaaa Unapun

Xocamane KaBbs
Kagheopa nocneounniomnozo obpazosanus 6 oonacmu OuomexHonozuu,
AemoHomHblil KoieddHc Anbewbl, Myobuopu, Kapnamaxa, Hnous

Anu JxaBag AKKA

Kageopa 6uomexronocuu, Lllkona npukiaousix HayK u mexHono2uil,
Obpasosamenvras accoyuayus okpyea buoscanyp-Jluneasm (cuumaemes
yHugepcumemonm), Buoxcaanypa, Kapnamarxa, Hnous

Parxasenapa Pao baakumnnas
Omoenenue nocieOunioMHo20 00pa308anus 6 ooracmu HUOMeXHON02UU,
AemoHomHblil KoLedHc Anbewbl, Myobuopu, Kapnamaxa, Hnous

Canrom Yuncon l'oseac
Kageopa buomexrnonoeuu, St. Aloysius (cuumaemcs ynueepcumemom),
Manzanop, Kapnamara, Hnous

Kangukepe Pamaiia Llpunxap
Jlenapmamenm 6uonoeuveckux Hayx, Yuusepcumem Maneanopa,
Maneanaeanzompu, Maneanop, Kapnamaxa, Hnous

Trichoderma obnamaeT MOTEHIIMAIOM CTHUMYJIUPOBAThH
poct  pacTeHMH W SBIAETCS  AHTArOHHUCTOM
¢urtonaroreHHsIx ~ rpuboB.  YeTslpe  mTamMma
Trichoderma Obun BbIAENEHBI U3 pu3ochep OaHaHa
(Musa acuminata), myckatHoro opexa (Myristica
fragrans), mnepua (Piper nigrum) W TaMmapuHAa
(Tamarindus indica) (AMCC 1-4). DKCTpakTbl HX
KyJABTYp OLCHMBAJINCh Ha NPEAMET MNPOpacTaHUs
CeMsIH, paJuKajibHOTOo pocta Mmama (Vigna radiata),
a TaKKe Pa3BUTHS KOpHEH M KIYOHEIyKOBHUI Y
HaXOAALIETOCS TMOJ YIPO30i MCUE3HOBEHHS BUAA sIMCa
neoHomuiickoro  (Amorphophallus  paeoniifolius).
QunbTpar KyIbTyphl BceX H30iATOB TIrichoderma
3HAUUTETIbHO YBEIMYMI BCXOXKECTh CEMsIH, a TaKXkKe
YCHUJIMI IPUKOPHEBOH pocT Maa (Vigna radiata), npu
9TOM HauOOJBLIYIO BCXOXKECTh M MPUKOPHEBOM POCT
naomonam y AMCC 3 (90%). AMCC 3 Takxe yCHITHI
poct kopHeir simca (10 mpotuB 20 cMm), B TO BpeMs
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KaK IUIOTHOCTb KIIyOHEIYKOBHIBl YBEIMYWIIACh Ha
AMCC 2 (5 mnporuB 10). Anamu3 ¢unbTpara
KyasTypel AMCC 3 MerooM BbICOKOI((EKTUBHON
KHUIKOCTHOH — xpomatorpaduu (BDXKX) moxaszan
Hajnuue MHAONMUI-3-ykcycHoi kuciotel (MYK) (11.5
pg/ml). Bce wmsonsarel  Trichoderma  oGnapaior
¢docdarHoit comoOmnM3anuel, ¢ cambIM BBICOKHM
uHACKcOM comobmwmmsanmun  y AMCC 1 (1.4).
OunsTpaTsl KyIBTYp BceX M30usTOB Irichoderma
MOKa3aJy 3HAYNTENIbHOE IOAABICHUE pOcTa in Vitro
¢uronarorena  Agroathelia  rolfsii, ¢  cambIM
BbicokuM mnonasieHueM y AMCC 3 (60%). Ilpu
KyJABTUBHUPOBAHUM M30JIITOB Trichoderma wa arape
¢ kapOokcumermiemtono3on (KMI[) B Teuenue
YeThIpexX AHEH BCE W3O0JATHI MOKAa3aJId YHCTYIO 30HY
BOKPYT KOJIOHHH, YTO TOATBEPXKIACT UX CIIOCOOHOCTH
MPOLYLUPOBATh LEIJIIONa3y, MpU 3TOM HaWOOJIbIIAs
nponykuus 6buta norydeHa y AMCC 3 (31.3 mm). ['en
BHYTpEeHHEro TpaHckpubupyemoro crneiicepa (ITS) u3
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AMCC 3 Obl1 CeKBEeHHMpPOBaH M CpaBHEH C 0Oa3oi
manabix  NCBI ¢ momomieto mporpammer  BlastN.
ITocnenoBarensuocts [JHK AMCC 3 cooTrBeTcTByeT
nocnegosarenbnoctu JJHK Trichoderma erinaceum. B
HACTOALIEM HCCIICIOBAaHUU IIOKa3aHO, 4YTO YETBIPE
uzonsta ITrichoderma w3 puzocgepbl 4eThIpeX BHUIOB
CaJIoBBIX  pacTeHuWil  00Ja#galoT  CIOCOOHOCTHIO
CTUMYJIMPOBaTh POCT PACTCHUH, a TaKXKe MOAABIATH
poct ¢urtonarorena Agroathelia rolfsii ¢ BBICOKOH
3¢ EeKTUBHOCTBIO B  OTHOWIEHMM 1.  erinaceum
(AMCC 3). Ero MOXHO HCHOJIB30BaTh B KaueCTBE
CTUMYJIATOpa poOCTa pacTeHUd u OuomecTUIuaa
MPOTUB TPUOKOBBIX (PUTONATOTCHOB B JIATEPUTHBIX
CYIIMHUCTBIX ~ IOYBAax  loro-3amaaHod  Muaum.
Knrouesvie cnosa: yennono3onumudeckas akmusHoCmy,
uHeUOUpOBAHUE POCMA, UHOOMULYKCYCHAS KUCIOMA,
pacmeopenue  ocama,  paouKaibHLIL  pocm,
Trichoderma erinaceum





