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Abstract

This study aimed to characterize 41 isolates of Trichoderma from conventional cotton crops soils as the
morphological and cultural characteristics and to investigate polymorphism, using RAPD markers. The most
common group comprised 80.6% of the isolates and was identified as a strain of Trichoderma harzianum. The
others species were T. aureoviride (7.3%), T. viride (7.3%) and T. crassum (4.8%). The four species were
morphologically distinct in the evaluated characteristics such as colony appearance and mycelium growth rate
after being grown on malt extract agar (MEA), potato dextrose agar (PDA) and oatmeal agar (OA) media, and
also in shape of conidia, phialides, and conidiophores. The four species were separated in a dendogram, after
using RAPD markers. Besides, RAPD was efficient in demonstrating the high intraspecific genetic variation
among isolates of two species (7. harzianum and T. aureoviride).
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1. Introduction

Trichoderma spp. is natural soil fungi, which occurs in the rhizospheric and non-rhizospheric soils (Rai et al.,
2016). They are also often found associated with rotting wood, with strains that are efficient producers of
industrial enzymes and therefore economically important (Druzhinina & Kubicek, 2005). Most species from this
genus are opportunistic, avirulent plant symbionts, and some of them function as parasites and antagonists of
many plant pathogens (Vinale et al., 2008). In Brazil, native Trichoderma spp. were found in the rhizosphere of
soybean (Almeida et al., 2001), cucumber and tomato (Lisboa et al., 2007; Ethur et al., 2008). The knowledge of
the presence and distribution of Trichoderma spp. in cultivated soils is important to elaborate an effective
strategy for biological control of soil-borne pathogens (Ethur et al., 2008), using these fungi. This strategy is
beneficial for the environment in the long term, since it minimizes the use of chemical pesticides in plant disease
management.

Brazilian isolates of Trichoderma have been characterized based on genetic and morphological criteria (Sharma
et al., 2009). Specifically, DNA markers have become a powerful tool to study taxonomy and molecular analysis
of organisms. The random amplified polymorphic DNA (RAPD) has been used to allows quick assessment of
genetic variability in various species, specially to study inter and intraspecific variability among isolates of
several species of Trichoderma used in biological control (Sharma et al., 2009; Pandya et al., 2017). Besides,
molecular characterization provides an immense source of data that can assist to the scientists in the study of
identity, relatedness, diversity and selection of proper candidates for biological control (Gajera & Vakharia,
2010).

Assessment of genetic relatedness among antagonistic Trichoderma spp. using fingerprint techniques, such as
RAPD, is important to elucidate the diversity in different crop rhizospheres and to characterize the biocontrol
agents for registration and patenting (Shanmugam et al., 2008; Ranil et al., 2017).

Recently, the potential of Trichoderma isolates as biocontrol agents of soil-borne pathogens was observed in our
laboratory by Carvalho et al. (2014, 2015). Aiming to follow up the works mentioned, the objectives of this
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study were to characterize Trichoderma spp. from conventional cotton crop soils based on morphological and
cultural characteristics and to investigate polymorphism, using RAPD markers.

2. Method
2.1 Fungal Isolates

Soil samples were collected from conventional cotton crops (cv. FM 975 WS) throughout the Federal District,
Brazil (15°49'03.68" S; 47°34'42.67" W; 978 m; climate classification Aw according Képpen). From each sample,
1g of soil (Red latosol) was removed and added to 9 mL of 0.05% Tween solution. Subsequently, serial dilutions
were made according to Dhingra and Sinclair (1981) using modified Martin’s medium. All micromorphological
data (conidia, conidiophores and phialides), descriptions and identification of purified isolates were carried out
according to Gams and Bisset (1998). The isolates were stored in sterile distilled water (Castellani) at 10 °C and
in mineral oil at 15 °C and integrated in the collection of Biological Control Fungi of Embrapa Recursos
Genéticos e Biotecnologia, Brasilia, Distrito Federal, Brazil.

2.2 Micromorphological and Cultural Observations

Cultural characteristics such as colony appearance and sporulation pattern were examined from cultures grown
in darkness at 25 °C for 96 h on 2% malt extract agar (MEA, 30 g L' of malt extract, 5 g L' of bacteriologic
peptone and 15 g L' of agar; pH 5.4) and potato dextrose agar (PDA, pH 5.6). Cultures were also grown under
12 h of photoperiod (Philips daylight fluorescent lamp, 20W, TLT, 75RS) at 25 °C during 96 h on PDA and
Oatmeal agar (OA, 20 g L' of agar and 1 L of filtered oat broth obtained from autoclaved broth containing 20 g
L' of oat flakes, pH 7.2). Radial growth rates were daily measured at 25 °C using MEA and PDA (a) (darkness),
PDA (b), and OA (12 h of fluorescent light) as culture medium. The Petri dishes incubated in darkness were
exposed to light only on those occasions when they were examined. For analysis of colony characteristics and
radial growth rate, agar plugs (5 mm) were taken from the actively growing margin of the culture grown for 3
days on PDA. Removed agar plugs were placed at 5 mm distant from the edge of 84 mm Petri dish. Part of
mycelium developed at 25 °C on PDA (darkness) was removed from the colonies at seven days of incubation in
order to prepare permanent microscope slides. Cotton blue was used for the examination and measurements of
conidia, conidiophores and phialides (30 measurements for each structure). Structures were measured using an
AXIOPHOT Carl Zeiss light photomicroscope. The experiments were carried out in triplicate and the radial
growth data at 4 days of growth was submitted to the Scott-Knott test (P < 0.05) using SISVAR 5.3 software
(Ferreira, 2011).

2.3 Intron Splice Site PCR Fingerprinting

PCR-based fingerprinting using fungal intron splice site primers: EIl, CTGGCTTGGTGTATGT; EI2,
CTGGCTTGCTACATAC; LA1, GCGACGGTGTACTAAC; LA2, CGTGCAGGTGTTAGTA, was carried out
essentially as described previously (Inglis et al., 2005; Barros Lopes et al., 1996), using 20 ng fungal DNA,
extracted from mycelium using a CTAB-based method (Rogers & Bendich, 1988). PCR products were resolved
by electrophoresis on 1.5% w/v agarose gels and bands detected by ethidium bromide staining.

Well-resolved amplified PCR products were scored (1 = present; 0 = absent) as binary characters, and data
combined (73 total characters). Data was then analyzed using Paup* v4.0 (Swofford, 2003). A pairwise distance
matrix was calculated according to Nei and Li (1979), which considers only the joint presence of a character as
an indication of similarity. Clustering of the similarity data was done using the unweighted pairgroup method,
arithmetic mean (UPGMA; Sneath & Sokal, 1973) and an unrooted dendogram produced. Branch support was
calculated using 1000 bootstrap pseudoreplicates (Felsenstein, 1985), within Paup*.

3. Results
3.1 Trichoderma spp. Isolated From Conventional Cotton Crops Soils

A total of 41 isolates of Trichoderma spp. were isolated from soils of conventional cotton crops in the Federal
District, Brazil. Based on cultural, morphological and genetic characteristics, the isolates were divided into four
groups. According to descriptions published by Gams and Bissett (1998), each group was identified as
Trichoderma harzianum (80.6%), T. aureoviride (7.3%), T. viride (7.3%) and T. crassum (4.8%).

3.2 Cultural Characterisitics

For show cultural characteristics, an isolate of each species was elected. In this sense, 7. harzianum had CEN240,
T. viride had CEN260, T. aureoviride had CEN265, and T. crassum had CEN266. Thus, colony appearance of the
four different species grown for 4 days at 25 °C on MEA and PDA (darkness), PDA, and OA (12 h of fluorescent
light) is showed in Figure 1.
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On MEA, T. harzianum sporulated only in the vicinity of the point of inoculation, while isolates from other
species showed no formation of spores in this medium. 7. aureoviride showed uniformly flat and velvety
colonies, with aerial mycelium consisting of short hyphae in one lawn over the colony. 7. crassum also had
colonies in uniform lawn, but lower than 7. aureoviride and T. viride.

On PDA (a), T harzianum showed effuse to dense conidiation over the center of colonies. 7. viride grew as one
irregular lawn with diluted and widely spread conidiation. 7. aureoviride exhibited a dense lawn of mycelium in
respect to 7. tomentosum. Apparently, no conidiation could be verified on the surface of the colonies of these two
species, but was observed through examination of microscopic slides prepared after seven days of cultivation.

On PDA (b), T harzianum formed 3-4 concentric rings with dense conidial production. 7. viride showed no
sporulation around the inoculum point, but dense mycelia toward the edge. Conidial production was not
observed in colonies of 7. aureoviride, but effuse yellow pigment occurred. 7. crassum exhibited slightly cottony
colonies with conidiation aggregated in tiny (< I mm) flat pulverulence formed around the point of inoculation.

In OA, three concentric rings with conidial production were observed in colonies of 7. harzianum, but at a lower
intensity than in PDA (b) medium. 7. viride and T. atroviride failed to produce conidia, and only few irregular
mycelia and a uniform lawn of mycelium were observed, respectively. Just as observed on PDA (b), T. atroviride
also produced yellow pigment on OA under 12 h darkness/12 h light intervals. Similar colony characteristics of 7.
tomentosum grown on PDA (b) were also observed when the fungus was grown on OA.

After four days of growth under fluorescent light incidence on PDA and OA, statistical analysis shown
difference regarding the radial growth rate between 7. viride CEN260 and T. crassum CEN266 (statistically
similar; 8.4 cm on PDA b; 8.0 and 7.7 cm on OA) as well between 7. harzianum CEN240 (7.5 cm and 6.5 on
PDA b and OA, respectively) and 7. aureoviride CEN265 (5.8 and 5.1 on PDA b and OA, respectively), which
were statistically different themselves and in respect to the other two species (Figure 2). Under darkness and on
PDA, T. viride grew on all areas of the Petri dish by the third day of cultivation. On MEA, T. harzianum (6.1 cm)
was statistically different from the other three species (7.6 to 8.4 cm), which were statistically similar.

CEN 240 CEN 260 CEN 265 CEN 266

MEA

PDA (a)

PDA (b)

OA

Figure 1. Colony appearance of four different species of Trichoderma grown for 96 h at 25 °C on MEA and PDA
(darkness) and PDA and OA (12 h of fluorescent light). 7. harzianum (CEN240), T. viride (CEN260), T.
aureoviride (CEN265) and T. crassum (CEN266)
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Figure 2. Radial growth rate of four different species of Trichoderma grown for 4 days at 25 °C on MEA and
PDA (a) (darkness) and PDA (b) and OA (12 h of fluorescent light). 7. harzianum (CEN240), T. viride (CEN260),
T. aureoviride (CEN265) and T. crassum (CEN266). Mean standard error was 0.15 for MEA, PDA (a) and PDA
(b) and 0.2 for OA

3.3 Micromorphological Characteristics

Differences among the four species in terms of micromorphological features are described in Table 1. Conidia of
T harzianum were subglobose to ovoidal and had L/W ratio of 1.11. Conidia of 7. viride and T. aureoviride were
subglobose with L/W ratio of 1.16 and 1.64, respectively. Conidia of 7. crassum were broadly ellipsoidal with
L/W ratio of 1.34. Phialides of T. harzianum tended to be shorter, with a length of 5.1 pm, while for the other
groups a variation was found from 7.2 to 10.6 pm. 7. viride showed conidiophores comprising a flexuous fertile
central axis, with lateral branches paired and typically arising at an angle near 90°. Its phialides were cylindrical
to swollen in the middle, straight and with an elongated neck. Phialides of T aureoviride and T. crassum had one
L/W ratio of 3.86 and 2.92, respectively.
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Table 1. Micromorphological characteristics of Trichoderma spp. isolated from conventional cotton crop soils.
Federal District, Brazil

) Phialide Conidia

Species - = - s
Shape Size (um) L/'w Shape Size (um) L/'w

T. harzianum Ampulliform 4.0-6.6x1.7-3.1 2.23 subglobose to ovoidal ~ 2.7-3.1x2.5-3.0  1.11

(5.1x2.3)" (3.0x2.7)

T. viride cylindrical to swollen in the 5.0-12.5x1.8-3.0  3.16 subglobose 3.0-4.1x2.6-3.5 1.16
middle, straight and with an (7.2x2.4) (3.5x2.9)
elongated neck

T. aureoviride straight, tapering slightly from  8.5-14.0x2.0-3.9  3.86 subglobose 3.5-5.0x2.5-3.0 1.64
base to tip (10.6%2. 8) (4.5x2.8)

T. crassum short, ampulliform, base 5.0-11.0x2.0-3.6  2.92 broadly ellipsoidal 3.0-4.5x2.4-35 134
constricted, swollen in the (8.1x2.9) (3.8x2.8)

middle, attenuate at the tip

Note. = Average values of 30 unities of each character; =~ Ratio of length to width. Values among parentheses
indicat average values.

3.4 Random Amplified Polymorphic DNA (RAPD)

After RAPD analysis, it was verified three major groups with the highest similarity (> 60%) among the isolates
(Figure 3). The four species of this study were separated in RAPD analysis, supporting the morphologic and
cultural characteristics. The group containing 7. crassum (CEN266 and CEN252) isolates clustered with 7.
harzianum isolates, showing approximately 90% similarity. In other cluster, 7. viride (CEN221, CEN204 and
CEN260) was separated from the other species. Doubtless, 7. viride was the most distant group, affording 80%
distanced from the others. Although 7. aureoviride (CEN222 and CEN206) were together in dendogram, CEN65
clustered next to T. viride. Anyway, morphological and cultural characteristics were adequately enough to
characterize the isolate as T. aureoviride. Thus, RAPD analysis allowed detecting intraspecific variability of 7.
aureoviride and T. harzianum. In the group of T. harzianum, Brazilian isolates clustered at high similarity (> 80%),
but three subclusters were found.

150



jas.ccsenet.org Journal of Agricultural Science Vol. 10, No. 8; 2018

54, CEN 243
CEN 247
CEN 237
CEN 250
CEN 258

57 CEN 264
S4l lcen23s
CEN 238
CEN 240
CEN 205
CEN 261
CEN 202
CEN 245
CEN 224
CEN 258
CEN 246
CEN 248
69 CEN 222
CEN 206
CEN 244
CEN 257
23 CEN 233
CEN 256
CEN 266
CEN 252
86 | CEN 241
CEN 263
CEN 242

T4 CEN 253
| E CEN 255
CEN 251

-

Aﬁ*m 3

i

i

r\%

CEN 262
CEN 230
CEM 254
CEN 223
CEN 220
CEN 203
% — CEN 221

_| L cENZ04
CEN 260

CEM 265

0.3 0.286 0.2 0.15 01 0.05 0.0

Figure 3. Intron splice site PCR unrooted UPGMA phylogram, based on a distance matrix calculated using the
method of Nei and Li (1979). The scale represents branch length, and branch support (above branches; > 50%) is
given as a percentage of 1000 bootstrap replicates. 7. crassum (CEN266 and CEN252), T. viride (CEN221,
CEN204 and CEN260), T. aureoviride (CEN265, CEN222 and CEN206) and T. harzianum corresponds to the
others isolates

4. Discussion

Colony appearance and growth rate have been considered as taxonomically useful characteristics for
Trichoderma (Chaverri et al., 2003). However, these characteristics are frequently studied only on MEA and
PDA (darkness). In this work, in addition to the above conditions, cultural characteristics of Trichoderma were
also examined on OA to induce conidiation pustules. Also, fluorescent light (12 hours) was used in order to
evaluate its effects on sporulation. On MEA, colony appearance of 7. aureoviride was most similar to the reports
published by Samuels et al. (2009). Differences in colonies grown of the same species on PDA could be verified
when a fluorescent lamp was tested. Although T viride and T. aureoviride exhibited indistinct sporulation, 7.
harzianum formed 3-4 concentric rings with dense conidial production when under light. No conidiation was
verified in colonies of 7. crassum on PDA (a). The behavior of this isolate was not repeated on PDA (b). Under
light and on PDA, T. crassum exhibited characteristics described by Samuels et al. (2009), such as intensive
conidiation bundled up in tiny pustules near the point of inoculation. A possible explanation for these results
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could be attributed to the light of fluorescent lamps inducing conidial production in some hyphomycetes
(Carvalho et al., 2008). Moreover, typical yellow pigments verified in colonies of 7 aureoviride when on PDA
(b) and OA are not seen in dark-grown cultures (Samuels et al., 2009), confirming the importance of fluorescent
light in the study of cultural characteristics of some Trichoderma species. OA medium is known for inducing
conidiation pulverulence but this effect was observed only for 7. crassum colonies (Figure 1).

T harzianum and T. aureoviride grew more slowly than 7. viride and T. crassum. Similar growth rates of T.
harzianum on PDA and MEA under darkness with temperature of 25 °C were also verified by Park et al. (2005),
and in the same way, for 7. aureoviride, by Samuels et al. (2009). A possible explanation for the fast growth rates
verified for 7' viride and T. crassum on all media tested could be attributed to specific characteristics of the
respective isolates (CEN260 and CEN266), whose ability for in vitro growth was previously reported by Mello
et al. (2007).

Although similar in shape, the L/W ratio was a distinctive characteristic to establish difference between conidia
of T. viride (L/W of 1.16) and T. aureoviride (L/'W of 1.64), whose L/W ratio are known to be around 1.0-1.2 and
1.4-1.8, respectively (Samuels et al., 2009). In spite of similar values in diameter, 7. crassum (3.8 x 2.8 um) and
T viride (3.5 x 2.9 um) are not similar in shape and L/W values. T. crassum presented typically ellipsoidal
conidia with L/W ratio of 1.34, when it should be 1.3-1.4 (Chaverri et al., 2003).

The most common 7. harzianum species showed a lower L/W ratio (2.23) of phialides (typically held in whorls
of 2, 3 or 4) than the others (2.92 to 3.86). It is also worth mentioning that 7. harzianum from Brazilian
conventional cotton crop soils appear to form phialides of a slightly shorter length than frequently verified for
this specie. A similar result was verified by Park et al. (2005) in 7. harzianum associated with green mold of
oyster mushroom, whose phialides had a length of 5.4 um. Concerning micromorphological characteristics, a
significant variation in conidial morphology was initially reported for the 7. viride aggregate (Bisset, 1991;
Meyer & Plaskowitz, 1989). Consequently, flexuous conidiophores and regularly paired branches and phialides
(also verified in this study for CEN221, CEN204 and CEN260) were seen to be a distinctive characteristic for a
great many isolates from this aggregate (Bisset, 1991). Phialides of 7. aureoviride (10.6 x 2.8 pm) and T.
crassum (8.1 x 2.9 um) were significantly longer than those of the other two species. These characteristics are in
accordance with reports from the literature. To exemplify, T. aureoviride can be characterized by its straight and
tapering slightly from base to tip phialides, measuring 9.0-15.0 um long and 2.5-3.9 pm wide in the middle
(Samuels et al., 2009). Just as reported by Chaverri et al. (2003), 7. crassum exhibited long unbranched
conidiophores with one or few phialides at the tip. According to the previous author, this structure sometimes
measures 200-300 um long.

The RAPD data generated by amplification of genomic DNA of isolates of Trichoderma species suggested that
there was interspecific variation among the isolates. Two isolates of 7. aureoviride (CEN222 and CEN206)
grouped in one cluster with 95% similarity, except the isolate CEN265, which was grouped separately and
showed around 35% similarity with the other isolates of 7. aureoviride. Kulling et al. (2000) reported that
characterization of 7. aureoviride is difficult. Although genetic variability were in a higher range (35-95%),
morphological and cultural characteristics presented were adequately enough to characterize this isolates as 7.
aureoviride.

Concerning to genetic variability of 7. viride by RAPD markers, there are variable results in the literature. To
exemplify, low similarity (around 55%) among isolates of 7. viride grouped in the same cluster was observed by
Goes et al. (2002), while 82% of similarity was found by Shalini et al. (2006). Our results being between these
two values, since the variability found among isolates was 70% (Figure 3). The isolates of 7. crassum (CEN266
and CEN252) were clearly distinguished with the remaining isolates of Trichoderma spp. Analogously, Castle et
al. (1998), in molecular studies, reported 7. crassum isolates, producing unique RAPD patterns. 7. harzianum
produced three distinct subclusters, with 25% genetic distance among them. Within each subcluster, genetic
similarity was high (85%). Thus, results presented three possible different strains within 7. harzianum complex.
According to Shalini et al. (2006), T. harzianum is a species aggregate, grouped on the basis of conidiophores
branching patterns with short side branches, short inflated phialides, and smooth and small conidia. 7. harzianum
has been divided in three, four, or five sub specific groups, depending on the strains and on the attributes
considered (Grondona et al., 1997).

In accordance with Dubey and Soresh (2006), our results indicate RAPD technique as valuable to distinguish the
isolates of Trichoderma according to their species with the help of specific primers. Specifically, primers used in
this study were able to differentiate 7. viride from other Trichoderma species. Restriction fragment length
polymorphism of internal transcribed spacer (ITS) is also useful for strain identification, but RAPD is less time

152



jas.ccsenet.org Journal of Agricultural Science Vol. 10, No. 8; 2018

consuming and also suitable for interspecific differentiation (Zimand et al., 1994). Thus, the technique can be
used for identification of specific species/strains.

Among four species studied, 7. harzianum was the most common species in soils of conventional cotton crops
(80.6%), while the other species presented a low occurrence rate (7.3 and 4.8%). According to Bettucci and
Roquebert (1995), the distribution of fungal species in soils of tropical countries is characterized by high
frequency of few species (dominant) and a majority of species showing small number of isolates (singletons).

5. Conclusion

Finally, this work also showed the importance of establishing representative collections of Trichoderma spp.,
including isolates from the Brazilian Federal District, since potential antagonists are widespread in several
distinct ecosystems in Brazil. Concerning the agricultural ecosystem evaluated, conventional cotton crops, four
species of Trichoderma were identified, evidencing 7. harzianum as the most common species. Moreover, the
four species were morphologically distinguishable based on colony appearance, mycelium growth rate, shape of
conidia, phialides and conidiophores and RAPD markers.
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