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Abstract: Tidal swamp lands in South Kalimantan, Indonesia, has high biodiversity content, including
Trichoderma which are potentially become bio-control agent in integrated pest management. The exploration of
Trichoderma biodiversity, therefore, was important. This study aims to identify and describes the genetic
diversity of Trichoderma isolates from South Kalimantan, Indonesia. The sample of Trichoderma with codes
BM (Banjarmasin), KB (Kota Baru), TB (Tanah Bumbu), B (Banjar), BK (Barito Kuala) and TL (Tanah Laut)
has similarity about 100 % with Trichoderma asperellum strain ZWPBG1 (KR868286.1). This sample also has
98.76% similarity with Trichoderma atroviride voucher TriAtv JSB123 (KC569357.1), Trichoderma viride
strain ATCC 28038 (AY380909.1) and Trichoderma Vinosum strain GJS 99-158 (AY380904.1). The sample has
similarity with Trichoderma harzianum voucher 60693 (KC569343.1), Trichoderma harzianum voucher TriH
JSB301 (KC569359.1), Trichoderma harzianum TriH JSB971 (KC569354.1) about 91.75%. Compared to the
Trichoderma virens strain PUXX-FS22 (KR296891.1), samples has similarity about 91.99%.

Keywords : genetic diversity, indigenous fungi, biodiversity conservation

. Introduction

Recent issues of rice cultivation and yield improvement are facing serious problems regarding plant
pest and diseases. Biological control of soils pathogens by the addition of antagonist organism has been
implemented in sustainable agriculture practices. This practice reduces the application of chemical material to
eliminated pathogens in soil systems. Many species are able to parasitizing individual pathogens and therefore
offer opportunities for bio-control practices. In integrated pest management program, the use of organism with
its ability as bio-control is important. Trichoderma is one of the potential agents in integrated agriculture
management [1] [2]. It is especially important in fungal diseases caused by Rhizoctonia solani. This species is a
basidiomycete fungus which is found widely in soils. It is also found in roots systems of plants. The impact of
Trichoderma colonization on roots has been widely reported. This fungi colony in roots has been reported
contributes in root growth and development, and therefore lead to the crop productivity [3] [4].

Species diversity is an important aspect in organism conservation, including Trichoderma. Biodiversity
provides potential sources for plant genetic improvements and provides opportunities for organism manipulation
through biotechnology. Species diversity has been reported important in diseases mitigation, especially from the
perspectives of organism. Study about species diversity in genetic levels provides valuable information for
numerous organism aspects, and it has been claimed provides significant tools to support decisions making in
conservation programs. In agricultural field, the important aspect of genetic diversity research and studies has
been reported numerous, ranging from yield improvement to pest and diseases protections. These studies widely
implemented in western and modern countries. In developing countries, however, attempt to map and describes
species diversity in molecular levels has been implemented, but there number of study should be increased in
order to understand the genetic levels of species. It is particularly important in agricultural fields [5] [6] [7].

The study of species pattern and genetic diversity among Trichoderma has been done in some region in
the earth. Scholars notes that Trichoderma from the river of Danube National Park in Austria was diverse.
About twenty-one strains were identified as T. harzianum, thirteen sample was identified as T. rossicum, four
sample was identified T.cerinum, two sample was identified as T. hamatum, and one sample was identified as T.
atroviride and T. koningii. From this study, two species was considered new taxon of Trichoderma [8]. Genetic
diversity analysis of Trichoderma provides opportunities to understand the diversity pattern which area
important for further bio-control development. The Trichoderma genetic resource is an important source for
sustainable agriculture management and it is reported contributes to the food security [9] [10] [11].
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The diversity of Trichoderma from soils of particular area provides opportunities for further management of
sustainable agriculture, especially in the development of bio-control agent to countermeasure plant diseases.
Scholars point out that the intensive research about fungi in tropical regions confirm that the area was rich in
term of fungi which area important for future medical, agriculture and other biotechnology industry [7]. The
humid and wet environment provide potential habitat for fungi to grows, and therefore it is reasonable to found
numerous fungi. There are some species newly found. Mostly are collected from remotes and unstudied area in
tropical regions.

The tidal swamp land in South Kalimantan, Indonesia was abundance and it is especially important for
rice production development programs. The wide area of tidal swamp land in South Kalimantan provides
opportunities to increase paddy rice production. In order to accelerate the paddy rice production, soil health and
mitigation of plant pest and diseases were important. The tidal swamp forest of South Kalimanan has potential
Trichoderma species. In order to identify the potentiality of indigenous Trichoderma resources, the species
differences in morphology and growth characters has been implemented. There is, however, several limitation to
identify the difference in morphology which are lead the poor recognition about Trichoderma. The study of
Trichoderma genetic diversity was rare. The aims of the research are to identify the genetic diversity of
Trichoderma spp from tidal swamp land in Kalimantan. It is especially important for plant disease management.

Il.  Methods

Materials

About six sample of Trichoderma spp from south Kalimantan was sampled and processed to the
laboratory for further genome analysis. Soil sample was coded as BM (Banjarmasin), KB (Kota Baru), TB
(Tanah Bumbu), B (Banjar), BK (Barito Kuala) and TL (Tanah Laut). From the field, Trichoderma spp was
collected from soils by soil dilution plate methods. Soils suspension containing Trichoderma were prepared for
further serial dilution and plated into PDA medium. All cultures were incubated until sporulation occurs. In
order to produce single-spore culture of sample, the Trichoderma colony purification was done by sub-culturing
conidia. The individual conidia strains were collected and stored in laboratory for further analysis. These steps
were done following standard methods.

Methods
Sample Preparation

Initial methods was started by preparing culture media for growing fungi, culture transfer, isolation of
pure culture, and harvesting fungi materials for genome analysis. Six sample specimen of Trichoderma spp from
different location was grown in Potato Dextro Agar (PDA). Potato Dextrose Agar media consists of potato
infusion and dextrose which are become important media for the cultivation of fungi, including Trichoderma
spp. The isolated strains were then harvested and washed culture collection, and representative samples was
collected for genetic analysts. DNA was extracted using Doyle and Doyle Methods [12].

PCR Amplification And Sequencing

The amplification of ITS5 and 4 was performed in a 15 pl which area containing 2 pl ddH20, 1 pl
primer ITS5 (10uM), 1 ul primer ITS4 (10uM), 5 ul 2xKapa 2G ready mix and 1 pl sample of DNA. Primers
ITS5 (5’-GGAAGTAAAAGTCGTAACAAGG-3’) and ITS4 (5’-TCCTCCGCTTATTGATATGC-3’) were
used in amplification. The amplification performed as within 35 cycles of pre-denaturation at 94 °C, 5 minutes;
denaturation at 94 °C, 30 second, annealing at 55 °C, 30 second, extension at 72 °C, 60 second and a final
extension period at 72 °C, 10 minutes. The PCR products were run in Agarose gels and the result was observed
under UV trans-illuminator. Result of band pattern was documented using Canon DSLR 1100 camera. Fore
sample sequencing, the ITS5 and 4 were sequenced by dideoxynucleotide method using automated DNA
sequencer [12].

Data Analysis

The PCR product was then sequenced in Firstbase-Malaysia and data was read using software ABI
sequencer Scanner. Sequence data was copied and stored in fasta format. The database of Trichoderma from
NCBI was copied and stored in fasta as reference. File of sample and references was analyzed and phylogenetic
trees was constructed using MEGA 5.03 software and maximum likelihood methods with kimura-2 parameters
using 1000 times bootstrap.

I11.  Results and Discussions
Trichoderma sample with code BM (Banjarmasin), KB (Kota Baru), TB (Tanah Bumbu), B (Banjar),
BK (Barito Kuala) and TL (Tanah Laut) were successfully amplified using 1TS-4 primers (5'-TCC TCC GCT
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TAT TGA TAT GC-3') and ITS-5 primer (5-GGA AGT AAA AGT CGT AAC AAGG-3') and produce
amplicons with length 590 bp (Fig.1).

The primers ITS 4 and ITS 5 are able to amplify all of the isolates, especially in ITS (Internal
Transcribed Region) of ribosomal DNA (590 bp fragment). ITS region has been widely used to indentify fungi.
Scholar point out that the Nuclear ribosomal internal transcribed spacer region in fungal genome is the universal
DNA barcode marker which are widely used to identify Fungi [13] [14].

590 bp

Fig.1. Profiles of amplified DNA sample from Trichoderma isolates using ITS5 and ITS4 primers. (Notes :1.
Marker, 2. BM (Banjarmasin), 3. KB (Kota Baru), 4.TB (Tanah Bumbu), 5. B (Banjar), 6. BK (Barito Kuala),
7.TL (Tanah Laut)

The phylogenetic tress of Trichoderma isolates was shown in Fig. 2. The Trichoderma genes
characterization revealed the variability among isolates from South Kalimantan. Based on the Fig.2, the sample
of Trichoderma with codes BM (Banjarmasin), KB (Kota Baru), TB (Tanah Bumbu), B (Banjar), BK (Barito
Kuala) and TL (Tanah Laut) has similarity about 100 % with Trichoderma asperellum strain ZWPBG1
(KR868286.1). Trichoderma asperellum is the filamentous fungus which area often found and isolated from
root-free soils. It is also often found in rhizomatous plants. Scholars point out that Trichoderma asperellum was
found in soil litter and dead wood [15] [16].

This examined sample also has 98.76% similarity with Trichoderma atroviride voucher TriAtv JSB123
(KC569357.1), Trichoderma viride strain ATCC 28038 (AY380909.1) and Trichoderma vinosum strain GJS 99-
158 (AY380904.1). Scholars point out that Trichoderma atroviride was found in soil from tropics to temperate
zone. Trichoderma atroviride widely used as biocontrol to inhibits pathogenic fungi such as Botrytis cinerea
and Rhizoctonia solani. Trichoderma viride was used widely as bio-control in integrated pest management
programs [16] [17].

The sample of Trichodema which are isolated from South Kalimantan has similarity — with
Trichoderma harzianum voucher 60693 (KC569343.1), Trichoderma harzianum voucher TriH JSB301
(KC569359.1), Trichoderma harzianum TriH JSB971 (KC569354.1) was about 91.75%. Compared to the
Trichoderma virens strain PUXX-FS22 (KR296891.1), samples has similarity about 91.99% (Fig.2).
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Fig 2. Phylogenetic tree of Trichoderma samples

Matrix of pairwise distance sample of Trichoderma with BM (Banjarmasin), KB (Kota Baru), TB
(Tanah Bumbu), B (Banjar), BK (Barito Kuala) and TL (Tanah Laut) using Trichoderma references NCBI was
shown in Table 1. In Table 1, each isolates was compared with references and shows its genetic distance. This
conform the status of samples compared to the identified sample references in genes bank. This method is
valuable to identify the unidentified isolated sample.

Trichoderma spp widely used as a biocontrol agent to countermeasure pathogens such as Pythium spp,
Rhizoctonia spp, Sclerotium rolfsii, Phytophtora palmivora and Fusarium spp which are able to attack plant
[18]. Trichoderma are able to provide direct disturbance to plant’s pathogens and significantly become
important competitor of pathogens to absorb nutrients and habitat of pathogens. Trichoderma spp are able to
uses numerous substrate resources to support cell and individual growth and its resistance to chemical material.
Trichoderma also able to produce enzymes and secondary metabolites [8]. The secondary metabolic of
Trichoderma has potentiality to inhibits pathogens.

Table 1. Genetics distance of Trichoderma sample using NCBI data base references

1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18
TL (Tanah_Laut)
KB (Kota_baru) 0.000
TB (Tanah_Bumbu) 0.000 0.000
B (Banjar) 0.000 0.000 0.000
BK (barito_kuala) 0.000 0.000 0.000 0.000
BM (Banjarmasin) 0.000 0.000 0.000 0.000 0.000
T. asperellum strain ZWPBG1 (KR868286.1) 0.000 0.000 0.000 0.000 0.000 0.000

T. longibrachiatum strain FMR 12669 (KJ174230.1) 0.075 0.075 0.075 0.075 0.075 0.075 0.075

T. citrinoviride strain FMR 12650 (KJ174201.1) 0.082 0.082 0.082 0.082 0.082 0.082 0.082 0.006

T. longibrachiatum isolate NBAII-TL1 (JN716391.1) 0.087 0.087 0.087 0.087 0.087 0.087 0.087 0.010 0.017

Trichoderma sp. BAB-4361 (KM401406.1) 0.080 0.080 0.080 0.080 0.080 0.080 0.080 0.062 0.064 0.073

T. harzianum voucher TriH JSB301 (KC569359.1) 0.080 0.080 0.080 0.080 0.080 0.080 0.080 0.058 0.060 0.069 0.008

T. atroviride voucher TriAtv JSB123 (KC569357.1) 0.012 0.012 0012 0012 0.012 0.012 0012 0.085 0.091 0.094 0085 0.087

T. viride strain ATCC 28038 (AY380909.1) 0012 0.012 0.012 0.012 0.012 0.012 0.012 0.084 0091 0094 0085 0.087 0.004

T. vinosum strain GJS 99-158 (AY380904.1) 0.012 0.012 0.012 0012 0.012 0.012 0012 0084 0.091 0.094 0.085 0087 0.004 0.004

T. gracile strain GJS 10-263 (JN175488.1) 1546 1.546 1546 1.546 1546 1.546 1.546 1.402 1434 1447 1535 1578 1521 1.562 1.562

T. harzianum voucher TriH JSB971 (KC569354.1) 0.082 0.082 0.082 0082 0.082 0.082 0082 0060 0.062 0.071 0.006 0002 0089 0.089 0.089 1568

T. harzianum voucher 60693 (KC569343.1) 0.087 0.087 0.087 0.087 0.087 0.087 0.087 0.064 0066 0075 0014 0010 0.094 0.094 0.094 1.585 0.008

T. virens strain PUXX-FS22 (KR296891.1) 0.080 0.080 0.080 0.080 0.080 0.080 0.080 0.055 0.057 0.066 0019 0017 0.087 0.087 0.087 1.566 0.014 0.023
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Rhizoctonia solani has been identified able to cause disease in lower steam and roots of plants.
Rhizoctonia solani is the important pathogens for maize, rice, wheat, cotton, and other important crops,
including vegetables [19]. Some fungi such as Trichoderma has been identified able to inhibits Rhizoctonia
solani grows. Scholars point out that there are variation in ability and affectivity of Trichoderma to inhibits
Rhizoctonia solani. Trichoderma asperellum able to inhibits Rhizoctonia solani about 74.4%. This inhibition
was higher than inhibition of Trichoderma harzianum and Tricoderma spp.

The ability of Trichoderma to produce lytic enzymes such as cellulose, chitinase, glucanase and
protease, especially in Trichoderma asperellum depend on the carbon sources [20]. In the field, Trichoderma
asperellum has ability to inhibits more than 80% of Rhizoctonia solani, compared to Trichoderma spp. isolates.
This data shows that basically soil of South Kalimantan rich in term of Trichoderma. The management of soil is
especially important to conserve Trichoderma. Forest fires an important aspect in land degradation in South
Kalimantan. In such a case forest and shrubs lands should be minimized. Fundamentally, soil conservation is
important to maintain soil biodiversity, including genetic diversity levels of soils biota [21] [22].

IV.  Conclusion

The sample of Trichoderma with codes BM (Banjarmasin), KB (Kota Baru), TB (Tanah Bumbu), B
(Banjar), BK (Barito Kuala) and TL (Tanah Laut) has similarity about 100 % with Trichoderma asperellum
strain ZWPBG1 (KR868286.1). This sample also has 98.76% similarity with Trichoderma atroviride voucher
TriAtv JSB123 (KC569357.1), Trichoderma viride strain ATCC 28038 (AY380909.1) and Trichoderma
Vinosum strain GJS 99-158 (AY380904.1). The sample similarity with Trichoderma harzianum voucher 60693
(KC569343.1), Trichoderma harzianum voucher TriH JSB301 (KC569359.1), Trichoderma harzianum TriH
JSB971 (KC569354.1) was about 91.75%. Compared to the Trichoderma virens strain PUXX-FS22
(KR296891.1), samples has similarity about 91.99%
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