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Morphology, Diagnostics, and Biological Significance of Trichoderma afroharzianum
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Abstract. In this study, the biodiversity of microfungi belonging to the genus
Trichoderma, isolated from diverse agroecological regions of Uzbekistan, was comprehensively
analyzed using integrated mycological and taxonomic approaches. During the investigation, the
morpho-cultural characteristics, vegetative growth kinetics, and microscopic parameters of the
sporulation apparatus (including conidiophore architecture, phialide morphometry, and conidial

ultrastructure) were determined for species identification. For the first time, the



morphological markers of



indigenous T. afroharzianum strains were systematized, establishing their significant role in
enriching the "Phytopathogenic and Other Microorganisms" unique collection at the Institute of
Genetics and Plant Experimental Biology, Academy of Sciences of the Republic of Uzbekistan.
The findings serve as a fundamental basis for evaluating the mycoparasitic and antagonistic
potential of these fungi, as well as for selecting source cultures for the development of high-
efficiency biotechnological preparations aimed at protecting agricultural crops from
phytopathogens.
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AHHOTanuas B  JaHHOM uWcCOIeoBaHMM C  MCIO/b30BaHUEM  KOMIUIEKCHBIX
MMKOJIOTUYECKMX ¥ TAaKCOHOMUYECKHX TIOJXOJ0B TIpPOBe/leH BCECTODOHHHI  aHamu3
Ouopa3HooOpa3usi MuKpomuLeToB poaa Trichoderma, BblieleHHBIX W3 Pa3/IUUHBIX
arpo3K0JIOTUUeCKUX PerMoHOB ¥Y30ekucTaHa. B xoze paboTsl A1 naeHTU(UKALMYA BUJOB ObLIN
orpefiesieHbl  MOP(QO/IOTO-KY/IbTYPHbIe —TIPU3HAKW, KWHETHKA BereTaTMBHOTO pOCTa WU
MHMKDPOCKOTIMYeCKHe T[apamMeTpbl CTHODPYJ/ISIMOHHOTO — anmapaTta  (BK/IOYas —apXUTEKTypy
KOHUJWEHOCLeB, MopdoMeTprio (Guanus, ¥ yAbTPAaCTPYKTYpy KOHWAMiA). Brepsbie
CHCTeMaTU3UpPOBaHbl MOpQosiornueckrie Mapkepbl abopureHHbIx mrtamMMoB T. afroharzianum,
4yTO 000CHOBBIBAaeT WX Ba)KHYIO POJIb B TIOTIOJIHEHUH YHUKATBHOMN KOJIieKLun «PuTonaToreHHbie
W [Ipyrvie MHUKDOOPraHW3Mbl» TpU VIHCTUTYTe TeHeTWKU W SKCIepUMeHTa/lbHOW Ouosioruu
pacTeHuii Akajemuu HayK Pecrybsmku Y30ekucraH. IlosyueHHbIe pe3y/bTaThl —CITy’KatT
(GbyHJamMeHTaNbHOM OCHOBOM [/l OL|eHKM MMKOIapa3suTUYeCKOro M aHTarOHUCTUYeCKOro
ToTeHIMana JaHHbIX TpUbOB, a Takke MAsi 0oTOOpa MCXOJHBIX KYJbTYD TpH pa3paboTke
BbICOKO3()(PeKTUBHBIX ~ OMOTEXHOJOTMYECKHUX I[IperapaToB, HampaB/leHHbIX Ha  3alUTy
CeJTbCKOXO035ICTBEHHBIX KY/bTYP OT (PUTOTIaTOTeHOB.

KnwoueBble cioBa: Trichoderma afroharzianum, wupeHTHdUKalys, MopdomeTpus,
KoHuAueHocer], (¢uanuaa, Ouopa3Hoobpasve, QuronaToreHHble TPUObI, OHOKOHTPOJIb,
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Introduction

Soil ecosystems represent the most complex microbial habitats on Earth, harboring
diverse populations of bacteria, actinomycetes, and fungi. The microbial density in suppressive
soils can reach several billion cells per gram of dry substrate, with an overall biomass ranging
from 1 to 8 tons per hectare [1]. Within this microbiota, phytopathogenic fungi pose a significant
threat to global food security, inducing root rot, vascular wilts, and necrotic diseases that
severely compromise crop yields. Historically, agricultural systems have heavily relied on
synthetic fungicides and fumigants; however, their excessive application has led to
environmental degradation, soil toxicity, and the emergence of resistant pathogen strains [4].

Consequently, there



is an urgent paradigm shift toward sustainable biocontrol agents (BCAs) that can mitigate
diseases while enhancing plant systemic resistance.

Among the various BCAs, the genus Trichoderma (Ascomycota, Hypocreales) stands out
as a preeminent group of filamentous fungi widely utilized in both agriculture and forestry. Their
multifaceted efficacy is governed by complex mechanisms, including antibiosis via the synthesis
of secondary metabolites, and mycoparasitism facilitated by the secretion of cell wall-degrading
enzymes (CWDESs) such as chitinases and -1,3-glucanases [5, 6]. Trichoderma harzianum and
the recently reclassified T. afroharzianum are recognized as exceptionally potent antagonists.
Recent genomic studies have highlighted the significance of the Epl-1 (Eliciting plant response-
like 1) gene family, which encodes cerato-platanin proteins that function as elicitors, triggering
plant immune responses and modulating pathogen-host interactions [2, 7].

Trichoderma species are prolific producers of over a hundred antimicrobial secondary
metabolites, including trichomycin, viridin, trichodermin, gliotoxin, and various peptabiols [3,
8]. These bioactive molecules not only inhibit the growth of soil-borne pathogens like Fusarium
oxysporum and Rhizoctonia solani but also function as plant growth promoters (PGP). Despite
the global documentation of these fungi, the specific morphological characteristics and
biocontrol potential of indigenous T. afroharzianum strains in the unique semi-arid
agroecosystems of Uzbekistan remain insufficiently characterized.

Given the escalating challenges of climate change and soil salinity in Central Asia,
identifying locally adapted Trichoderma lineages is critical for developing region-specific
biopesticides. This study aims to characterize the morphology and diagnostic features of T.
afroharzianum isolates from Uzbekistan and evaluate their biological significance as a
foundational step for sustainable biotechnological applications.

Materials and methods

Study Area and Soil Sampling Soil samples were collected from diverse agroecosystems
in Uzbekistan, specifically from the Shafirkan district (Bukhara region), Yunusobod district
Botanika garden, and Qibray district. To evaluate soil health and microbial fertility, samples
were obtained from two distinct coordinates within each site at depths of 10, 20, and 30 cm using
sterile containers.

Isolation of Antagonistic Fungi The isolation of Trichoderma species was performed
using the modified soil dilution method. Briefly, 10 g of each soil sample was suspended in 300
ml of sterile distilled water. Serial dilutions were prepared at ratios of 10 -2, 10 —3, and 10 —4.
Aliquots of 1 ml from each dilution were aseptically inoculated onto Potato Dextrose Agar
(PDA) plates. All inoculation procedures were conducted under a laminar flow cabinet to ensure

aseptic conditions
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Figure 1. Preparation of soil suspensions and inoculation onto PDA medium using
the modified soil dilution method.

Cultivation and Purification Inoculated plates were incubated at 26+2 C for 72 hours.
Emerging fungal colonies were subjected to mycological examination and purified using the
mono-spore isolation technique until stable pure cultures were obtained.

Result and discussion

Morphological Characterization and Identification The identification of the isolated
fungal strains was conducted according to the "Morphology and Identification of Trichoderma"
taxonomic keys. The isolates demonstrated rapid radial growth on PDA medium, initially

forming white aerial mycelium that subsequently transitioned to characteristic green or light-

green shades upon sporulation (Fig. 2).

Figure 2. Pure culture of Trichoderma afroharzianum on PDA medium after 72 hours of
incubation: (a) obverse view, (b) reverse view.

Microscopic Analysis Microscopic observation of the GPEB-65 isolate (Fig. 3) revealed
specific diagnostic features of Trichoderma afroharzianum. The mycelium consists of
multinucleated hyphae that serve as the structural framework for conidiogenesis. The conidia
were found to be globose to sub-globose (oval) in shape, organized in clusters or short chains at
the termini of divergent phialides. The branching pattern of the conidiophores and the specific
morphometry of the conidia confirm the taxonomic identity of the strain as T. afroharzianum [2,
4].
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Figure 3. Micromorphology of T. afroharzianum isolate: branched conidiophores and oval-
shaped conidia in clusters (Magnification: 40x/100x).

Conclusion

Morphological and microscopic analyses of Trichoderma isolates obtained from diverse
agro-ecological regions of Uzbekistan successfully determined their taxonomic composition. The
study identified the species Trichoderma afroharzianum, which exhibits high adaptability and
widespread distribution within the country's specific soil-climatic conditions. The growth
kinetics, colony pigmentation, and micromorphological parameters of conidiogenesis indicate
that this species occupies a distinct ecological niche within regional agroecosystems.

The findings provide a scientific basis for evaluating the biodiversity of indigenous
Trichoderma strains and highlight their potential as effective antagonists against aggressive
phytopathogenic fungi. Consequently, the development and integration of locally-sourced
biopreparations based on T. afroharzianum into agricultural practice hold strategic importance
for reducing reliance on synthetic fungicides. Future research should focus on evaluating the
antagonistic efficiency of these strains under field conditions across various crops, including
cotton, wheat, and vegetables.
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