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Coastal lagoons encompass various precious natural resources and are among the most produc-
tive ecosystems on Earth. A new Trichoderma species was identified during an investigation of fungi
in mangrove soil in Qigu Lagoon, Taiwan. In this study, we provide the description, illustration, and
phylogenetic analyses of this new species, Trichoderma longicollum.
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Pobřežní laguny obsahují cenné přírodní zdroje a patří mezi nejproduktivnější ekosystémy na Zemi.
Během výzkumu hub z mangrovové půdy v laguně Qigu na Taiwanu byl identifikován nový druh rodu
Trichoderma. Studie přináší popis, ilustraci a fylogenetické analýzy tohoto nového druhu, Tricho-

derma longicollum.

SHORT TAXONOMIC REPORT

INTRODUCTION

The genus Trichoderma Persoon (1794) is a diverse group of fungi comprising
mycoparasites, phytopathogenic antagonists, and plant symbionts (Nascimento
Brito et al. 2023). Trichoderma spp. are widely distributed and can be frequently
found in soil, organic matter, decomposing materials, and plant tissues as endo-
phytes (Prameeladevi et al. 2021b, Zheng et al. 2021). Traditionally, Trichoderma

classification was exclusively based on morphological and growth characteristics.
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However, the taxonomic analysis of this genus becomes increasingly compli-
cated with the growing number of newly discovered species due to their shared
morphological characteristics (Prameeladevi et al. 2021a). DNA barcoding has
significantly enhanced identification accuracy of Trichoderma species. Recently,
the internal transcribed spacer region (ITS), translation elongation factor 1-alpha
(tef1), and RNA polymerase subunit 2 (rpb2) sequences have been used for phylo-
genetic analyses and new Trichoderma species identification (Dou et al. 2020,
Cai et Druzhinina 2021, Zhao et al. 2023). Morphological features combined with
molecular studies have allowed for the description of more than 500 valid Tricho-

derma species to date (Sousa et al. 2023).
In this study, we describe a new Trichoderma species, T. longicollum, col-

lected from mangrove soil in Qigu Lagoon, Taiwan.
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Fig. 1. Phylogenetic tree of Trichoderma longicollum BCRC 19F0006 and related species, based on
a maximum likelihood analysis of combined rpb2 and tef1 sequences. Trichoderma afroharzianum

was used as the outgroup. The rpb2 (red) and tef1 (green) GenBank accession numbers are provided
following the strain numbers. The bootstrap values > 50% from 1000 replicates are indicated at the
nodes. The new species proposed in this study is shown in a blue and bold font.



PHYLOGENETIC ANALYSIS

We extracted the DNA of this new species and sequenced the ITS as well as
the rpb2 and tef1 genes. Next, we applied the maximum likelihood algorithm to
determine the phylogenetic relatedness of our new species by combining the
concatenated partial rpb2 and tef1 sequences via the MEGA 11 software package
(Tamura et al. 2021). The reference sequences of related species were retrieved from
the NCBI database based on previous publications (Zheng et al. 2021, Cao et al.
2022, Zhao et al. 2023).

Phylogenetically, T. longicollum resides in the Harzianum clade, closely re-
lated to Trichoderma pseudoasiaticum Z.F. Yu et Y.F. Lv (Fig. 1). According to
the BLASTn analyses, T. longicollum differs from T. pseudoasiaticum both in the
rpb2 (97.34% similarity) and tef1 (97.48% similarity) sequences.

TAXONOMY

Trichoderma longicollum Y.-H. Wei, S.-S. Tzean et G.-Y. Liou, sp. nov. Fig. 2
M y c o B a n k : MB849086

G e n e s e q u e n c e s : OR075258 (ITS); OR076431 (rpb2); OR076432 (tef1)

E t y m o l o g y. The Latin specific epithet “longicollum” refers to the slender phialide neck of this spe-
cies.

D i a g n o s i s . Trichoderma longicollum is distinct by the conspicuous diffusing yellow pigment on
PDA. Furthermore, it is easily distinguished from T. pseudoasiaticum and other related Trichoderma

species by its longer phialides of (6.1)6.6–12.4(15.7) in length, higher phialide l/w ratio and a phialide
number of 3–5(7) per whorl.

H o l o t y p e . Taiwan, Tainan City, Qigu Lagoon, isolated from soil under grey mangrove (Avicennia

marina), 13 Jan. 2018, leg. C.-C. Chen et G.-Y. Liou. Type BCRC 19F0006, stored in metabolically inactive
state (deep-frozen) in the Bioresource Collection and Research Center of the Food Industry Research
& Development Institute, Hsinchu, Taiwan.

D e s c r i p t i o n . C o l o n i e s o n P D A (potato dextrose agar) after 72 h: col-
ony radius 45–49 mm at 25 °C, 46–52 mm at 30 °C, and 36–40 mm at 35 °C; myce-
lium white, abundant, dense, floccose; pustules forming a distinct zone around
the inoculation plug, white at first, then gradually turning green; yellow pigment
conspicuously displayed. No distinct odour.

C o l o n i e s o n S N A (synthetic nutrient-poor agar) after 72 h: colony radius
66–69 mm at 25 °C, covering the 90-mm plate at 30 °C, and 58–64 mm at 35 °C; colo-
nies hyaline, mycelium sparse, with dark green to dull green pustules, irregular in
shape, forming 2 concentric rings; no diffusing pigment; no distinct odour.

C o n i d i o p h o r e s straight or curved, comprised of a distinct main axis and
often terminating in a whorl of 3–5(7) phialides, occasionally in a solitary phialide,
side branches paired or unilateral, sometimes substituted by a solitary phialide
or verticillated phialides. Side branches terminating in a whorl of 2–5 phialides,
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rarely 6–7 phialides. P h i a l i d e s lageniform to lanceolate, straight or slightly
curved, often with slender, sometimes slightly bent neck, (6.1)6.6–12.4(15.7) ×
(1.5)2.1–3.2(3.6) μm, l/w ratio 2.0–4.2(7.9), 1.6–2.4 μm wide at the base. C o n i d i a
green in mass, smooth to slightly rough, globose to subglobose, occasionally
broadly ellipsoidal to ellipsoidal, 2.4–3.7(4) × 2.4–3.7 μm, l/w ratio 1.0–1.1(1.4).
C h l a m y d o s p o r e s smooth, subglobose (5.7–9.2 × 5.4–8.7 μm) or irregular,
terminal or intercalary.
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Fig. 2. Trichoderma longicollum BCRC 19F0006. A–C – colony after 7 days at 25 �C: on PDA (A), on
SNA (B), reverse on PDA (C); D–J – conidiophores, phialides, and conidia formed on SNA; K–L –
conidia; M–P – chlamydospores. Scale bars: 10 μm. Photographs by Y.-H. Wei.



H a b i t a t . Soil in mangrove stand (Avicennia marina) of Qigu Lagoon, the
largest lagoon in Taiwan. Soil characteristics: texture silty sand; silt-clay ratios =
6.25 ± 0.84; organic content (%) = 3.75 ± 1.43; TOC/TN (C/N) = 9.85 ± 8.10 (Chiu et
al. 2011).

N o t e . Phylogenetically, T. longicollum is closest to Trichoderma pseudo-

asiaticum. However, the features of T. longicollum were different from T. pseudo-

asiaticum when cultured on two different media, and these species also differ in
their phialides. Trichoderma longicollum produced a conspicuous yellow pig-
ment on potato dextrose agar (PDA) and grew well at 35 °C on synthetic nutrient-
poor agar (SNA; radius 58–64 mm), whereas T. pseudoasiaticum displayed no
diffusing pigments on PDA and its growth was restricted on SNA (radius 2 mm)
(Zheng et al. 2021). Differences in morphological characters of T. longicollum

and species related to it (length of their phialides, phialide l/w ratios, and phialide
numbers per whorl) are provided in Tab. 1.

Tab. 1. Comparison of morphological characteristics for Trichoderma longicollum and closely re-
lated species.

Species Phialide length

(µm)

l/w ratio Phialide number /

whorl

Reference

T. longicollum (6.1)6.6–12.4(15.7) 2.0–4.2(7.9) 3–5(7) This study

T. pseudoasiaticum (5.2)6.1–9.0(9.7) (1.1)1.5–3.6(5.2) 2–4 Zheng et al. 2021

T. densissimum (3.4)5.7–8.0(10.1) (1.4)2.1–3.1(3.9) 3–4 Zhao et al. 2023

T. paradensissimum (5.4)7.4–11.0(15.0) (1.4)2.1–3.1(3.9) 3 Zhao et al. 2023

T. pholiotae (4.1)4.9–10.9(11.6) 1.4–3.4(3.9) 3–4 Cao et al. 2022
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