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ABSTRACT

Trichoderma longibrachiatum rarely reported can cause disease in plants. The present study investigates
the pathogenicity of T. longibrachiatum isolate UPMT14 on the red leaf lettuce (Lactuca sativa L.)
plants grown in sterile soil under a controlled growth room environment. The fungal isolate was initially
characterized morphologically as Trichoderma sp. and was then further characterized by (ITS) region
sequencing and BLAST comparison identified as T. longibrachiatum. To observe the response of
Trichoderma isolate UPMT14 when imposed on lettuce plants. The injection was made and repeated
five times, and then the lettuce growth followed for 36 days. On day 36, the present study found that the
red leaf lettuce plants expressed foliar symptoms that began as chlorotic, reduced plant height, reduced
leaf length and diameter, wilt, and dried up before it collapsed at day 45 compared to untreated control
lettuce plants. Microscopic observation on lettuce roots showed that the Trichoderma spores invading
the root system by mass sporulation and spatial competition possibly impaired plant water uptake and
eventually caused plant wilting. Therefore, this study indicates that T. longibrachiatum is among the
causal agents of wilt disease in the lettuce plant.
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by internal transcriber spacer region sequencing were determined. To study of the pathogenesis of
T. longibrachiatum isolate injected into red leaf lettuce plants grown in sterile soil under a controlled
growth room environment was conducted.

MATERIALS AND METHODS

A collection culture was obtained from the Laboratory of Microbiology, Department of Crop Science,
Faculty of Agricultural and Forestry Sciences, Universiti Putra Malaysia Bintulu Sarawak Campus. A total
of seven of these strains were grown and maintained on NA media. Plant pathogenic T. longibrachiatum
(UPMT14) was subcultured and maintained on potato dextrose agar (PDA). The observation was made
further on the mycelial radial growth pattern and phenotype when grown on PDA, Czapek-Dox (CZDA),
and NA at 28+1 °C for seven days. Microscopic morphological characteristics of T. longibrachiatum
(UPMT14)on PDA prepared from older colonies of two weeks culture (Lunge & Patil, 2012). This fungal
strain was further identified based on a molecular approach using primer pair by sequencing of ITS
region. The rDNA sequence of ITS region using universal primers; ITS1-ITS4 (Chakraborty et al., 2010).
The sequence for ITS1 and ITS4 were shown as the following: ITS1 (5-TCC GTA GGT GAA CCT
GCG G-3') and ITS4 (5-TCC TCC GCT TAT TGA TAT GC-3’) Inglis and Tigano, 2006) for species
identification.

Trichoderma isolate UPMT14 was introduced on the red leaf lettuce (Lactuca sativa L.) plants
by injection (Posada et al., 2007) grown in sterile soil under a controlled growth room environment
for pathogenicity test. The injection was made and repeated five times, and then the lettuce growth
followed for 36 days. Foliar symptoms were observed every two days after inoculation on a scale from
0 to 5 based on the percentage of leaf area affected: 0 = 0%; 1=1-10%; 2 = 11-30%; 3 =31-70%; 4
=41 -90%; and 5 =91 — 100%. The final evaluation of disease incidence was conducted 45 days after
injection. Observation on T. longibrachiatum UPMT 14 colonization on lettuce roots by light microscopic
analysis reconfirming the virulent infection and then for enzyme production ability test analysis, of T.
longibrachiatum UPMT14, on three different types of media slightly modification were prepared, to
investigate the type of enzyme produced by this fungus to penetrate plant cells: cellulose (Habib et
al., 2005), casein (Brown & Smith, 2014) and chitin agar (Joe & Mapana, 2017). Parameters recorded
following artificial inoculation include length of the root, plant height, the mass of the root, the mass of
the upper part plant, dried root weight, weight of the fresh upper part plant, and total water content of
roots, the total content of upper part plant and total content of the whole plant of red leaf lettuce were
measured and record at day 45 included for dry weight of the shoot and root samples. The experiments
were conducted in Completely Randomized Design (CRD) with five replicates. Recorded data were
analyzed with SAS® 9.4 software for Windows.

RESULTS AND DISCUSSION
The color, colony appearance, and growth pattern of collected fungal isolate in the present study were
examined as shown in Figure 1. The fungal isolate was characterized as belonging to Trichoderma
sp. The matured green of conidia production was denser from the center towards the margin. A dark
green pustule grew on the matured green mat of conidia distributed throughout the plate (Figure
1A). Micromorphological characteristic was observed as shown in Figure 1 (B) and (C). Hyphae of
Trichoderma sp., macrospores bearing conidiophore, macroconidia (spores) (Figure 1B), and conidia
of Trichoderma sp. UPMT14 (Figure 1C). This was in agreement with the previous reports made by
Samuels et al.(2002), Phookamsak et al. (2019), and Recio et al. (2019). Shape size (length and width)
of macroconidia (globose) and conidia (ellipsoid) were also measured at 4.789 x 5.035 ym and 3.131 x
2.771 um, respectively. The colony appearance of Trichorderma sp. was dark green on PDA
The observation was made further on the mycelial radial growth pattern and phenotype

when grown on PDA, CZDA, and NA at 2811 °C for seven days (Figure 2 & Figure 3). The mycelial
growth of Trichoderma sp. UPMT14 on three different media was trending higher from day 1 to day
7 with radial growth ranging from the lowest at 8.22+0.37 mm to the highest at 86.96+0.37 mm. The
radial growth of Trichoderma sp. UPMT14 on three different media started to differentiate when grew
after day 3. On day 4, the radial growth of strain UPMT14 grown on CZDA was significantly (p<0.05)
bigger (65.24+0.40 mm) than PDA (53.741£0.22 mm), and the radial growth was smaller when strain
UPMT14 grown on NA (41.66+0.23 mm). The growth trend was similar until day 6 and when reached
day 7, the radial growth of strain UPMT14 on CZDA (86.96+0.37 mm) and PDA (86.42+0.44 mm)
were significantly similar. However, the radial growth of strain UPMT14 on NA (49.82+0.41 mm) was
significantly far smaller than both on CZDA and PDA. The slow growth rate of fungus on NA due to
the lack of sucrose source, as medium supporting the growth of a wide range for most bacteria-type
microorganisms contain peptone provides organic nitrogen and sodium chloride that gave the mixture
proportions similar to those found in the cytoplasm of most organisms (MacFaddin, 2000; Downes & Ito,
2001).

On the phenotypic observations of Trichoderma sp. UPMT14 growth over 7 days (Figure 3),
when grown on PDA, the UPMT14 formed 1-2 concentric rings with whitish conidial production. The
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conidia production was denser in the center on the 3™ day. On day 5™, conidia Trichoderma sp. UPMT14
appeared in pale yellowish and distributed. An irregular yellow zone with conidia was present, and some
off-white pustules were also found growing on the yellowish mat of conidia. On day 7™, Trichoderma
sp. UPMT14 presented greenish and yellowish conidia with more than two irregular concentric rings
present throughout the plate.

On the Czapek’s dox agar (CZDA), Trichorderma sp. UPMT14 showed a scattered granular,
yellowish conidia production on the 3 day. White cottony mycelia of Trichorderma sp. UPMT14
presented to grow scarcely toward the edge on day 5", some concentric matured green and yellowish
conidia were also found on the plate, and there were no concentric rings formed. On day 7", green
conidia dispersed on the whole plate but appeared dense near the center of the plate. Some cottony
mycelia appear growing on the green mat of conidia.

On the nutrient agar (NA), Trichoderma sp. UPMT14 formed an almost irregular concentric ring
of conidial on 3 day. On the 5" day, 1-2, irregular concentric rings were formed with yellowish conidia.
Small white pustules were present growing on the yellowish mat of conidia. On the 7" day, greenish and
yellowish conidia were present with some white pustules.

Microscopic morphological characteristics of Trichoderma sp. culture on PDA prepared from
older colonies of two weeks culture (Lunge & Patil, 2012) or after one week for conidiophores and
conidia observation (Jang et al., 2017) were suggested for proper visualization of the characteristic
features of fungus, especially for examining the character of spore (Lunge & Patil, 2012). Different types
of media to culture Trichoderma sp. such as on Czapek’s dox agar, potato dextrose agar, and nutrient
agar could produce different traits on colony morphology, colony color, colony growth rate, conidia,
and macroconidia (Shah et al., 2012). The growth rate for Trichoderma sp. asexual life cycle presented
differs depending on the type of media that they are cultured on (Lin et al., 2016).

Cellulose, Chitin, and Casein Test are considered the main enzymes produced by fungus
for them to penetrate plant cells, in the present study some biochemical test was also conducted.
Trichoderma sp. UPMT14 culture was spot inoculated on the different test media to test the presence of
cellulose-, chitin-, and casein-producing activities. After 24 h growing on the test media under ambient
and dark conditions. The clearing zone was observed and measured and considered positive (Figure
4).

Figure 5 shows the diameter of the clearing zone produced by different test media after
inoculation with strain UPMT 14 which demonstrates the level of cellulose, chitin, and casein production.
The present study found that the UPMT14 produced significantly different among test media (p<0.05)
with casein (33.2+£0.6 mm) the highest over chitin (30.6£0.5 mm) and cellulose (21.8+£0.8 mm) was the
lowest. Trichoderma sp. can release volatile organic compounds, secondary toxic metabolites, and
extracellular enzymes to adapt and survive in competitive environments (Mumpuni, Sharma, & Brown,
1998; Patil et al., 2016). Trichoderma sp. was recorded as capable of producing cellulase, proteases,
and chitinase that caused damage to cellular components (Harman et al., 2004; Martinez et al., 2008;
Seidl et al., 2009; Schmoll et al., 2010), followed by penetration inside the host and cause detrimental
on the tissue that left host to die (Sarsaiya et al., 2019, 2020; Aydogddu et al., 2020). The interaction
between the host and pathogenic fungus includes recognition of the host, attack, and subsequent
penetration and killing by secretion of cell wall degrading enzymes (CWDE) that hydrolyze the cell wall
of the host (Rao et al., 2015).

ITS Gene Sequence Analysis, Trichoderma sp. UPMT14 was subjected to confirmation and
speciation. Primers ITS1 and ITS4 with approximate sizes of 450-800 base pairs were used (Figure 6).
Analysis of the generated ITS1/ITS4 nucleotide sequence (Figure 7) obtained in this study matched with
Trichoderma longibrachiatum isolate S13G (Accession number = MT634694.1) at 99.79 % similarity
after employing BLAST comparison. Therefore, Trichoderma sp. UPMT14 belonged to Trichoderma
longibrachiatum strain UPMT14.

ITS nucleotide sequence of the strain UPMT14 was positioned on the phylogenetic tree. The
phylogenetic tree was constructed using the equal-joining method. The phylogenetic analysis for this
study was focused on the relationship of UPMT14 with Trichoderma strains that are associated with
beneficial properties and with the one that is associated with phytopathogens. The tree construction
was made by retrieving the selected ITS sequences of Trichoderma spp from GenBank Databases. A
total of ten ITS-Trichoderma sequences were retrieved and used to construct a phylogenetic tree.

The present study found that the strain UPMT14 was positioned on a similar branch with
Trichoderma longibrachiatum strain ZF05 (Figure 8). According to Sarsaiya et al. (2019; 2020), the strain
ZF05 was reported to cause a deleterious effect on orchid plants. From this branch to farther branch that
positioned the Trichoderma viride strain F122 formed a major cluster that shared similar traits as reported
having phytopathogens. Therefore, the number of sequences that formed a major cluster was nine out
of a total of 11 sequences on this phylogenetic tree. Trichoderma longibrachiatum strain UFT204 (dos
Santos et al., 2021) and Trichoderma asperellum strain TaspHu1 (Yu et al., 2021) that out grouped were
recently reported to have beneficial properties or that had a positive impact on plant growth. Based on
phylogenetic tree analysis indicates that UPMT14 may be associated with the pathogenesis because
of is closely related to phytopathogenic Trichoderma spp. Trichoderma harzianum strain KRCF131,
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Trichoderma citrinoviride strain KRCF305, Trichoderma longibrachiatum strains (KRCF306, T13-Iraq
and NFCF081) and Trichoderma atroviride strain KRCF660 that these pathogenic fungi had previously
reported causing detrimental on mushroom industry related to fungi kingdom (Miyazaki et al., 2009;
Yun et al., 2016; Al-Rubaiey & Al-Juboory, 2020), Trichoderma longibrachiatum strains ZF05 caused a
pathogenic effect on orchid plant industry (Sarsaiya et al., 2019, 2020).

Assessing The Response to Trichoderma longibrachiatum Inoculation in Red Lettuce Plants,
Visual observations of red leaf lettuce plants injected with T. longibrachiatum UPMT 14 where the plants
had reached a height of about 12-13 cm (Figure 9) after 22 days of growth. All plants were at normal
growth until day 34 when the diseased plants started to exhibit wilting at older leaves (Figure 10a) with
a lesion at the edge of the leaves (Figure 10b). However, Sarsaiya et al. (2019) reported for the first
time that the Trichoderma longibrachiatum attacked Dendrobium nobile and exhibited leaf black circular
spots.

Plant growth continued to decline in the following days, especially after 37 days of growth
(Figure 9) until completely collapsed after 45 days of growth (Figure 9; Figure 10c). Plants without
disease continue to show normal growth until they reach a height of 16-17 cm on the 45th day (Figure
9; Figure 10). Figure 11 shows the healthy or normal red lettuce plant as compared to diseased plants
infected with T. longibrachiatum UPMT14. The symptoms observed were as wilt disease in red lettuce
plant caused by T. longibrachiatum UPMT14. Based on present knowledge, T. longibrachiatum UPMT14
presented is the first report of disease incidence occurring in red lettuce plant. Limited information is
available on the pathogenesis of T. longibrachiatum such as the strain ZF05 was recently reported to
cause pathogenicity in Dendrobium officinale and Dendrobium nobile (Sarsaiya et al., 2020).

Trichoderma group is widely reported as an essential fungus in agriculture and the environment
(Jaklitsch & Voglmayr, 2015). Fungi in the genus Trichoderma are also described as biocontrol agents
to suppress phytopathogen growth (Samuels, 1996; Patil et al., 2016). Trichoderma spp. are rarely
reported to attack crops, especially vegetable types. Some more examples of cases associated with
Trichoderma sp. were Pleurotus sp. (Shah et al., 2012) and Lentinula edodes (Wang et al., 2016),
known as a green mold disease capable of degrading edible mushrooms (Singh et al., 2006; Shah et
al., 2012; Wang et al., 2016) and cellulolytic filamentous fungus that can often contaminate mushroom
substrates (Colavolpe et al., 2015). Trichoderma aggressivum f. europaeum also causes Agaricus
green mold in Hungary (Hatvani et al., 2007). In Hungary, Trichoderma aggressivum f. europaeum and
Trichoderma aggressivum f. aggressivum (Th4) have also been reported to cause Agaricus green mold
(Hatvani et al., 2007; Aydogdu et al., 2020). The mushroom growing industry and Croatian mushroom
farms (Croatia) faced high detrimental quality caused by this fungus (Samuels et al., 2002; Hatvani et
al., 2012; Colavolpe et al., 2015). T. viride and T. harzianum reported can damage P. nigra seedlings.
Following inoculation with T. viride for two years about 30 to 80 percent mortality of P. nigra seedlings
was described (Li Destri Nicosia et al., 2014). This finding was also in agreement and consistent with
the claim that this culture (UPMT14) previously caused disease in pepper, Piper nigrum (Dr. Franklin
Ragai Kundat, Personal communication, unpublished data).

Plant growth measurements show the impact of injecting T. longibrachiatum UPMT14 on the
growth of red lettuce plants. Most of the shoot and root parameters were negatively affected by disease
after 45 days of growth. On day 45, the plant height of the red lettuce plant was not able to be measured
due to complete collapse by the disease as compared to the normal untreated red lettuce plant which
reached a height of over 17 cm. The same happened on the root part of the plant where the normal plant
was recorded as about 12 cm in length. A similar phenomenon occurred in other parameters of shoots
and roots such as the mass of the upper plant part and roots, the total water content of the upper plant
part and roots, and the total water content of the whole plant. However, the upper plant part dry weight
reacted differently where the weight was significantly higher in diseased lettuce plants (2.1 g) than
normal healthy lettuce plants (1.06 g). This could be due to the overproduction of mycelia or sporulation
that colonized the upper plant part tissue which contributed much of the weight of the total dry mass of
the upper plant part of the red lettuce plant (Maharshi et al., 2021).

Root colonization of T. longibrachiatum UPMT14 on red lettuce roots by using light microscopic
analysis, and microscopic observation using a light microscope was conducted on roots sampled from
diseased red lettuce plants and normal red lettuce plants of 45 days of growth. The present study found
that spores of UPMT14 were present (Figure 13a) and no spore was detected on normal red lettuce
plant roots (data not shown). The presence of conidia inside root tissues was an indication that the
strain was able to penetrate the root tissue endophytically for internal colonization and able to control
the host root system for space and food sources (Rahman et al., 2021). The ability of the strain to
produce enzymes is among the mechanisms that aid the penetration into the root tissues (Rao et al.,
2015).
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Fig. 1. After 7 days at 28+1 °C, Trichoderma sp. UPMT14 was grown on potato dextrose agar (PDA) (A). Macrospores bearing
conidiophore (M) and Macroconidia (spores) (S) (at 100x magnification under a compound microscope). Conidia of Trichoderma

sp. UPMT14 (Q) (at 100x magnification under a compound microscope) (as shown in Plate (B) and (C)).
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Fig. 2. Radial growth of Trichoderma longibrachiatum UPMT14 mycelia on Czapek’s dox agar (CZDA), potato dextrose agar
(PDA), and Nutrient agar (NA) for 168 hr under ambient conditions.



168 Mohd Sazali et al., 2023

Media

PDA

CZDA

NA

Fig. 3. Colony appearance of Trichoderma longibrachiatum UPMT14 grown for 168 h at 28+1 °C on Czapek’s dox agar (CZDA),
potato dextrose agar (PDA) and Nutrient agar (NA).

Fig. 4. Trichoderma sp. UPMT 14 was grown on cellulose (x), chitin (y), and casein (z) media for 8 days at 26+2 °C under the dark
condition with a clear zone surrounding the colony (dark zone due to the dark background in use).
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Fig. 5. Diameter of clearing zone (cm) by Trichoderma sp. UPMT14 on different test media after 24 h incubation at 26+2 °C.
Means with different alphabet was significantly different at £<0.05 (Tukey’s Range Test).
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Fig. 6. PCR amplification detection of ITS genes from Trichoderma longibrachiatum isolate. M represent VC 1kb DNA ladder
(Vivantis). For ITS1 and ITS4 primers, the amplifier product was around 450-800 bp in size.

GCTGTGGCCGCGCCGCGCTCCCGGTGCGAGTGTGCAAACTACTGCGCAGGA
GAGGCTGCGGCGAGACCGCCACTGTATTTCGGGGGCGGCCCGGTGAGGGGC
CGATCCCCAACGCCGACCCCCCGGAGGGGTTCGAGGGTTGAAAATGACGCTC
GGACAGGCATGCCCGCCAGAATACTGGCGGGCGCAATGTGCGTTCAAAGATT
CGATGATTCACTGAATTCTGCAATTCACATTACTTATCGCATTTCGCTGCGTTCT
TCATCGATGCCAGAACCAAGAGATCCGTTGTTGAAAGTTTTGATTCATTTTCGA
GACGCCCGCTAGGGTCGCCGAGAAAGGCTCAGAGCAAAAATAAAACAGAGC
CGCGACGGGAGCCGCGACGGAGAGAAAAAAAGAGTTTGGAGTTGGTCCTCC
GGCGGGCGCCATGGGATCCGGGGCTGCGACGCGCCCGGGGCAAGAGAATCC
CGCCGA

Fig. 7. Nucleotide sequence of ITS gene of Trichoderma sp. UPMT14
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Trichoderma asperellum TaspHul
—— Trichoderma longibrachiatum UFT204

——— Trichoderma viride F122

——— Trichoderma atroviride KRCF660

— Trichoderma harziamm KRCF131

——— Trichoderma citrinoviride KRCF305

——— Trichoderma longibrachiatum KRCF306

Trichoderma longibrachiatum T13-Traq

——— Trichoderma longibrachiatum NFCF081

Trichoderma longibrachiatum ZF05

- Trichoderma longibrachiatum UPMT14

Fig. 8. Phylogenetic tree showing the relationship of closely related Trichoderma species with newly identified strain, Trichoderma
longibrachiatum UPMT 14, constructed using the equal-joining method based on ITS gene sequences.
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Fig. 9. Height of red lettuce after injection with Trichoderma longibrachiatum isolate versus days of growth.
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Fig. 10. Visual observations on the red leaf lettuce plant in a polybag after 37-45 days of inoculation. Leaves of the plant were

wilted (a) with a black circular spot on the leaf edge (b). The infected plant eventually collapsed on day 45 (c). Plate (d) shows
the untreated control plant.

Infected with Trichoderma =
longibrachiatum isolate )

Control

Fig. 11. Visual symptoms of red leaf lettuce infected with Trichoderma longibrachiatum UPMT14 (right side) versus healthy red
leaf lettuce (left side).
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Fig. 12. Length of root (LR), plant height (PH), mass of roots (MR), upper part plant (UPP), root dry weight (RDW), upper part
plant dry weight (UPPDW), total water content of root weight (TWR), total water content of upper part plant (TWUPP) and
total water content of whole plant (TWP) after 45 days of growth. The Tukey's Range Test revealed that means with a similar
alphabet were not significantly different at £<0.05.

CONCLUSION

In conclusion, the morphological characteristics of T. longibrachiatum UPMT14UPMT14 were
successfully cultured and determined on different types of growth media (PDA), (CZDA) and (NA)
resulting in different characteristics and growth patterns. On the PDA, Trichoderma sp. UPMT14 was
observed at the early stage with 1-2 concentric rings with whitish conidial production to greenish and
yellowish conidia with more than two irregular concentric rings visible throughout the plate. On the
CZDA, Trichoderma sp. UPMT14 showed a scattered granular, with yellowish conidia production to
green conidia, spread on the whole plate but demonstrated density near the center of the plate. While
on the NA, Trichoderma sp. UPMT14 formed a single irregular concentric ring of conidial at the early
stage and subsequently formed 1-2 an irregular concentric ring with yellowish conidia. The growth
pattern on NA eventually turned greenish and yellowish of conidia present with some white pustules
at the final sampling date (day 7). The growth rate of Trichoderma sp. UPMT14 on PDA, CZDA, and
NA were different with UPMT 14 growth on NA starting to slow from day 3 while on the PDA and CZDA
on uprising obviously until day 6. The ITS gene was extracted from Trichoderma sp. UPMT14 and
identified as Trichoderma longibrachiatum strain UPMT14. Plant assay was conducted by injecting
T. longibrachiatum strain UPMT14 spore suspension into red leaf lettuce (Lactuca sativa L.) plants
and found that the strain can cause wilting from day 35 of growth. The test plant collapsed on day 45
of growth. As far as is known, this is a new report on T. longibrachiatum strain UPMT14 that causes
wilt disease in red leaf lettuce. Besides that, the pathogen might use enzymatic mechanisms such as
cellose, chitin, and casein, to invade and colonize the endophytic environment of plant roots. This finding
provides updated information on lettuce wilt disease caused by T. longibrachiatum strain UPMT14 and
helps to understand the disease and explore suitable control techniques for the pathogen.
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Fig. 13. Infected root (B) viewed under a dissecting microscope. t, u, and v observed from several cross-sectioned root samples
of diseased red lettuce plant caused by Trichoderma longibrachiatum UPMT14 (at 100x magnification under a compound
microscope) (as shown in Plate (t), (u) and (v)). (w) Dense colonies of Trichoderma longibrachiatum UPMT14 in phloem with
spores (at 40x magnification under a compound microscope).
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