12/30/2020 Vol. 22 No. 1 (2021) | Biodiversitas Journal of Biological Diversity

Home (https://smujo.id/biodiv/index) / Archives (https://smujo.id/biodiv/issue/archive)
/ Vol.22 No. 1(2021)

BIODIVERSITAS

Journal of Blologlcal Diversity

(https://smujo.id/biodiv/issue/view/286)

Vol. 22 No. 1 (2021)

Full Issue

Front Cover (https://smujo.id/biodiv/issue/view/286/139)

Articles

The ultrastructure changes of Haemonchus contortus exposed to bamboo
leaves (Gigantochloa apus) agueous extract under in vitro condition
(https://smujo.id/biodiv/article/view/6911)

BUDI PURWO WIDIARSO, WISNU NURCAHYO, KURNIASIH, JOKO PRASTOWO

PDF (https://smujo.id/biodiv/article/view/6911/4473)

https://smujo.id/biodiv/issue/view/286

110



12/30/2020 Vol. 22 No. 1 (2021) | Biodiversitas Journal of Biological Diversity

Documentation of medicinal plants used by Aneuk Jamee tribe in Kota
Bahagia Sub-district, South Aceh, Indonesia
(https://smujo.id/biodiv/article/view/7086)

ADI BEJO SUWARDI, MARDUDI, ZIDNI ILMAN NAVIA, BAIHAQI, MUNTAHA

PDF (https://smujo.id/biodiv/article/view/7086/4474)

Ganoderma diversity from smallholder oil palm plantations in peatlands of
Kampar District, Indonesia based on mycelia morphology and somatic
incompatibility (https://smujo.id/biodiv/article/view/7079)

ANTHONY HAMZAH, RACHMAD SAPUTRA, FIFI PUSPITA, BESRI NASRUL, IRFANDRI,
NOVITA SARI DEPARI

PDF (https://smujo.id/biodiv/article/view/7079/4475)

Level of lead contamination in the blood of Bali cattle associated with their
age and geographical location (https://smujo.id/biodiv/article/view/6792)

| KETUT BERATA, NI NYOMAN WERDI SUSARI, | WAYAN SUDIRA, KADEK KARANG
AGUSTINA

PDF (https://smujo.id/biodiv/article/view/6792/4476)

Aquatic insect communities in headwater streams of Ciliwung River
watershed, West Java, Indonesia (https://smujo.id/biodiv/article/view/6932)

WAKHID, AUNU RAUF, MAJARIANA KRISANTI, | MADE SUMERTAJAYA, NINA MARYANA

PDF (https://smujo.id/biodiv/article/view/6932/4477)

The potential of amylase enzyme activity against bacteria isolated from
several lakes in East Java, Indonesia
(https://smujo.id/biodiv/article/view/6855)

INDAH KHOIRUN NISA, SITORESMI PRABANINGTYAS, BETTY LUKIATI, RINATRITURANI
SAPTAWATI, ACHMAD RODIANSYAH

PDF (https://smujo.id/biodiv/article/view/6855/4478)

Biodiversity and phylogenetic analyses using DNA barcoding rbcL gene of
seagrass from Sekotong, West Lombok, Indonesia
(https://smujo.id/biodiv/article/view/7027)

STEVANUS, MADE PHARMAWATI

PDF (https://smujo.id/biodiv/article/view/7027/4479)

https://smujo.id/biodiv/issue/view/286 2/10



12/30/2020 Vol. 22 No. 1 (2021) | Biodiversitas Journal of Biological Diversity

Short communication: Physiological response to drought in North Sulawesi
(Indonesia) local rice (Oryza sativa) cultivars at the tissue level in hydroponic
culture (https://smujo.id/biodiv/article/view/7099)

SONG AI'NIO, RISA JUNITA MEREH, DANIEL PETER MANTILEN LUDONG

PDF (https://smujo.id/biodiv/article/view/7099/4480)

Short Communication: Species composition and diversity of vegetationin
dryland agricultural landscape (https://smujo.id/biodiv/article/view/6787)

IDA ARDIYANINGRUM, MARIA THERESIA SRI BUDIASTUTI, KOMARIAH

PDF (https://smujo.id/biodiv/article/view/6787/4482)

Der p 1 gene sequence polymorphism in house dust mite Dermatophagoides
pteronyssinus (https://smujo.id/biodiv/article/view/7049)

ARYANI ADJI, NURDJANNAH J. NIODE, VENTJE V. MEMAH, JIMMY POSANGI, GRETA J. P.
WAHONGAN, TRINAE. TALLEI

PDF (https://smujo.id/biodiv/article/view/7049/4481)

Short Communication: The bioinformatics perspective of Foeniculum
vulgare fruit's bioactive compounds as natural anti-hyperglycemic against
alpha-glucosidase (https://smujo.id/biodiv/article/view/7064)

FATCHUR ROHMAN, WIRA EKA PUTRA

PDF (https://smujo.id/biodiv/article/view/7064/4483)

Short Communication: Characterization and nutrient analysis of seed of
local cowpea (Vigna unguiculata) varieties from Southwest Maluku,
Indonesia (https://smujo.id/biodiv/article/view/7230)

R.L. KARUWAL, SUHARSONO, A. TJAHJOLEKSONO, N. HANIF

PDF (https://smujo.id/biodiv/article/view/7230/4484)

Soil mesofauna amount and diversity by returning fresh and compost of
crops biomass waste in ultisols in-situ
(https://smujo.id/biodiv/article/view/7031)

JUNITA BARUS, DIAN MEITHASARI, JAMALAM LUMBANRAJA, HAMIM SUDARSONO,
KUSWANTA FUTAS HIDAYAT, DERMIYATI

PDF (https://smujo.id/biodiv/article/view/7031/4485)

https://smujo.id/biodiv/issue/view/286 3/10



12/30/2020 Vol. 22 No. 1 (2021) | Biodiversitas Journal of Biological Diversity
Development of monospecific polyclonal antibodies against hypervirulent
Klebsiella pneumoniae (https://smujo.id/biodiv/article/view/7224)

DARNIATI, SURACHMI SETIYANINGSIH, DEWI RATIH AGUNGPRIYONO, EKOWATI
HANDHARYANI

PDF (https://smujo.id/biodiv/article/view/7224/4486)

The structure and composition of macrozoobenthos community in varying
water qualities in Kalibaru Waters, Bengkulu, Indonesia
(https://smujo.id/biodiv/article/view/6879)

LILISTI, ZAMDIAL , DEDE HARTONO, BIENG BRATA, MARULAK SIMARMATA

PDF (https://smujo.id/biodiv/article/view/6879/4487)

The morphological characters and DNA barcoding identification of sweet
river prawn Macrobrachium esculentum (Thallwitz, 1891) from Rongkong
watershed of South Sulawesi, Indonesia
(https://smujo.id/biodiv/article/view/6685)

JURNIATI, DIANA ARFIATI, SAPTO ANDRIYONO, ASUS MAIZAR SURYANTO HERTIKA, ANDI
KURNIAWAN, WENDY ALEXANDER TANOD

PDF (https://smujo.id/biodiv/article/view/6685/4488)

Socio-ecological dimensions of agroforestry called kebun campuranin
tropical karst ecosystem of West Java, Indonesia
(https://smujo.id/biodiv/article/view/7251)

PARIKESIT, SUSANTI WITHANINGSIH, FAKHRUR ROZI

PDF (https://smujo.id/biodiv/article/view/7251/4489)

Microbiological, physical and chemical properties of joruk (fermented fish
product) with different levels of salt concentration
(https://smujo.id/biodiv/article/view/7167)

DYAH KOESOEMAWARDANI, LULU ULYA AFIFAH, NOVITA HERDIANA, A.S. SUHARYONO,
ESA GHANIM FADHALLAH, MAHRUS ALI

PDF (https://smujo.id/biodiv/article/view/7167/4490)

Physico-chemical and functional properties of spineless, short-spines, and
long-spines sago starch (https://smujo.id/biodiv/article/view/6646)

ZITALETVIANY SARUNGALLO, BUDI SANTOSO, ANGELA MYRRA PUSPITA
PDF (https://smujo.id/biodiv/article/view/6646/4491)

https://smujo.id/biodiv/issue/view/286 4/10



12/30/2020 Vol. 22 No. 1 (2021) | Biodiversitas Journal of Biological Diversity

Assessment of mangrove species diversity in Banaybanay, Davao Oriental,
Philippines (https://smujo.id/biodiv/article/view/7085)

BRIAN L. POTOTAN, NEIL C. CAPIN, AILEEN GRACE D. DELIMA, ANNABELLE U. NOVERO

PDF (https://smujo.id/biodiv/article/view/7085/4492)

Procruste analysis of forewing shape in two endemic honeybee subspecies
Apis mellifera intermissa and A. m. sahariensis from the Northwest of
Algeria (https://smujo.id/biodiv/article/view/6969)

FOUZIA ABED, BENABDELLAH BACHIR-BOUIADJRA, LAHOUARI DAHLOUM,
ABDULMOJEED YAKUBU, AHMED HADDAD, ABDELKADER HOMRANI

PDF (https://smujo.id/biodiv/article/view/6969/4494)

Molecular analysis of Taro and Bali cattle using cytochrome oxidase subunit |
(COl) in Indonesia (https://smujo.id/biodiv/article/view/6948)

NI NYOMAN WERDI SUSARI, PUTU SUASTIKA, KADEK KARANG AGUSTINA

PDF (https://smujo.id/biodiv/article/view/6948/4495)

Urbanization level and its effect on the structure and function of

homegarden (pekarangan) vegetation in West Java, Indonesia
(https://smujo.id/biodiv/article/view/6949)

MUHAMMAD SADDAM ALI, HADI SUSILO ARIFIN, NURHAYATI

PDF (https://smujo.id/biodiv/article/view/6949/4496)

Genetic diversity and relationship of husk tomato (Physalis spp.) from East
Java Province revealed by SSR markers
(https://smujo.id/biodiv/article/view/7130)

HALIMATUS SADIYAH, SUMERU ASHARI, BUDI WALUYO, ANDY SOEGIANTO

PDF (https://smujo.id/biodiv/article/view/7130/4497)

Species diversity and phenetic relationship among accessions of api-api
(Avicennia spp.) in Java based on morphological characters and ISSR markers
(https://smujo.id/biodiv/article/view/6456)

FENNALIA PUTRI SABDANAWATY, PURNOMO, BUDI SETIADI DARYONO

PDF (https://smujo.id/biodiv/article/view/6456/4498)

Diversity of macro fungus across three altitudinal ranges in Lore Lindu

https://smujo.id/biodiv/issue/view/286 5/10



12/30/2020 Vol. 22 No. 1 (2021) | Biodiversitas Journal of Biological Diversity

National Park, Central Sulawesi, Indonesia and their utilization by local
residents (https://smujo.id/biodiv/article/view/6899)

Y. YUSRAN, E. ERNIWATI, D. WAHYUNI, R. RAMADHANIL, A. KHUMAIDI

PDF (https://smujo.id/biodiv/article/view/6899/4499)

Updating of Makiling Biodiversity Information System (MakiBIS) and
Analysis of Biodiversity Data (https://smujo.id/biodiv/article/view/6929)
DAMASA B. MAGCALE-MACANDOG, FERMIN ROBERTO G. LAPITAN, JEOFFREY M. LARUYA,
JANDREL IAN F. VALERIO, JANZEN CHRISTIAN D. AGUILA, CLOUIE ANN L. MESINA,
TWINKLE MARIE F. SANTOS, ANDREA NICOLE T. CUEVAS, KIMBERLY D. BAYLON, IANA
MARIENE SILAPAN, RICAJAY DIMALIBOT, JENNIFER D. EDRIAL, NETHANEL JIREH A.
LARIDA, FATIMA A. NATUEL, MA. GRECHELLE LYN D. PEREZ, SARENA GRACE L. QUINONES

PDF (https://smujo.id/biodiv/article/view/6929/4500)

Short Communication: Acute toxicity study of plantaricin from Lactobacillus
plantarum S34 and its antibacterial activity
(https://smujo.id/biodiv/article/view/6083)

ARIDO YUGOVELMAN AHADDIN, SRI BUDIARTI, A. ZAENAL MUSTOPA, HUDASS.
DARUSMAN, LITA TRIRATNA

PDF (https://smujo.id/biodiv/article/view/6083/4501)

Diversity and distribution of figs (Ficus: Moraceae) in Gianyar District, Bali,
Indonesia (https://smujo.id/biodiv/article/view/7073)

| MADE SAKA WIJAYA, MADE RIA DEFIANI

PDF (https://smujo.id/biodiv/article/view/7073/4502)

Mangrove associated macrobenthos community structure from an estuarine
island (https://smujo.id/biodiv/article/view/6662)

MD. HABIBUR RAHMAN, M. BELAL HOSSAIN, AHASAN HABIB, MD. ABU NOMAN,
SHUVAGATO MONDAL

PDF (https://smujo.id/biodiv/article/view/6662/4503)

Dietary Bacillus NP5 supplement impacts on growth, nutrient digestibility,

immune response, and resistance to Aeromonas hydrophila infection of

African catfish, Clarias gariepinus

(https://smujo.id/biodiv/article/view/6922)

ACHMAD NOERKHAERIN PUTRA, MUSTAHAL, MAS BAYU SYAMSUNARNO, DODI

HERMAWAN, DEVIA GUSNUR FATIMAH, PRAMODITA BALITA PUTRI, SEVIA, RINA ISNAINI,
https://smujo.id/biodiv/issue/view/286 6/10



12/30/2020 Vol. 22 No. 1 (2021) | Biodiversitas Journal of Biological Diversity
MUHAMAD HERJAYANTO

PDF (https://smujo.id/biodiv/article/view/6922/4504)

Bird community structure as a function of habitat heterogeneity: A case of
Mardi Himal, Central Nepal (https://smujo.id/biodiv/article/view/6972)

NARESH PANDEY, LAXMAN KHANAL, NEETI CHAPAGAIN, K. DEEPAK SINGH, BISHNU P.
BHATTARAI, MUKESH KUMAR CHALISE

PDF (https://smujo.id/biodiv/article/view/6972/4505)

Conservation status of large mammals in protected and logged forests of the
greater Taman Negara Landscape, Peninsular Malaysia
(https://smujo.id/biodiv/article/view/6727)

GOPALASAMY REUBEN CLEMENTS, SUSANA ROSTRO-GARCIA, JAN F. KAMLER, SONG
HORNG LIANG, ABDUL KADIR BIN ABU HASHIM

PDF (https://smujo.id/biodiv/article/view/6727/4508)

Birds in the west coast of South Kalimantan, Indonesia
(https://smujo.id/biodiv/article/view/7268)

MAULANA KHALID RIEFANI, MOCHAMAD ARIEF SOENDJOTO

PDF (https://smujo.id/biodiv/article/view/7268/4509)

Richness and diversity of insect pollinators in various habitats around
Bogani Nani Wartabone National Park, North Sulawesi, Indonesia
(https://smujo.id/biodiv/article/view/7169)

RONI KONERI, MEIS J. NANGOY, WAKHID

PDF (https://smujo.id/biodiv/article/view/7169/4510)

Diversity of biocontrol agents, isolated from several sources, inhibitory to
several fungal plant pathogens (https://smujo.id/biodiv/article/view/7198)

YAN RAMONA, IDA BAGUS GEDE DARMAYASA, ANAK AGUNG NGURAH NARA KUSUMA,
MARTIN A. LINE

PDF (https://smujo.id/biodiv/article/view/7198/4511)

Presence of multidrug resistance (MDR) and extended-spectrum beta-
lactamase (ESBL) of Escherichia coli isolated from cloacal swab of broilers in
several wet markets in Surabaya, Indonesia

https://smujo.id/biodiv/issue/view/286 7/10



12/30/2020 Vol. 22 No. 1 (2021) | Biodiversitas Journal of Biological Diversity

(https://smujo.id/biodiv/article/view/7247)

MUSTOFA HELMI EFFENDI, WIWIEK TYASNINGSIH, YEMIMA ANGGUN YURIANTI, JOLA
RAHMAHANI, NENNY HARIJANI, HANI PLUMERIASTUTI

PDF (https://smujo.id/biodiv/article/view/7247/4512)

Population, distribution, and habitat of Bornean Elephant in Tulin Onsoi,
Nunukan District, Indonesia based on dung counts
(https://smujo.id/biodiv/article/view/5053)

WISHNU SUKMANTORO, AGUS SUYITNO, MULYADI, DONI GUNARYADI, AGANTO SENO,
ALFRED INDRA KUSUMA, DARWIS

PDF (https://smujo.id/biodiv/article/view/5053/4513)

Acclimating leaf celery plant (Apium graveolens) via bottom wet culture for
increasing its adaptability to tropical riparian wetland ecosystem
(https://smujo.id/biodiv/article/view/6832)

BENYAMIN LAKITAN, KARTIKA KARTIKA , SUSILAWATI, ANDI WIJAYA

PDF (https://smujo.id/biodiv/article/view/6832/4514)

Short Communication: Wildlife species used as traditional medicine by local
people in Indonesia (https://smujo.id/biodiv/article/view/7337)

ANI MARDIASTUTI, BURHANUDDIN MASY'UD, LIN N. GINOGA, HAFIYYAN
SASTRANEGARA, SUTOPO

PDF (https://smujo.id/biodiv/article/view/7337/4515)

Information
For Readers (https://smujo.id/biodiv/information/readers)
For Authors (https://smujo.id/biodiv/information/authors)

For Librarians (https://smujo.id/biodiv/information/librarians)

Usage Statistics Information

We log anonymous usage statistics. Please read the privacy information
(https://smujo.id/biodiv/usageStats/privacylnformation) for details.

https://smujo.id/biodiv/issue/view/286 8/10



12/30/2020 Vol. 22 No. 1 (2021) | Biodiversitas Journal of Biological Diversity

Journals List

Biodiversitas Journal of Biological Diversity (https://smujo.id/biodiv)
Nusantara Bioscience (https://smujo.id/nb)

Prosiding Seminar Nasional Masyarakat Biodiversitas Indonesia (https://smujo.id/psnmbi)
Asian Journal of Agriculture (https://smujo.id/aja)

Asian Journal of Ethnobiology (https://smujo.id/aje)

Asian Journal of Forestry (https://smujo.id/ajf)

Biofarmasi Journal of Natural Product Biochemistry (https://smujo.id/jnpb)
Bioteknologi Biotechnological Studies (https://smujo.id/bbs)

Bonorowo Wetlands (https://smujo.id/bw)

Cell Biology and Development (https://smujo.id/cbd)

Ocean Life (https://smujo.id/ol)

Tropical Drylands (https://smujo.id/td)

Reviewers List

Reviewers (https://smujo.id/biodiv/reviewers/index)

Visitor Statistics

Statistics (https://smujo.id/info/stats)

Visitors

W 584,023 5 462
EE 17,226 ll5.182
11,450 @4 4,058  (https://info.flagcounter.com/JKar)

Ms.4% @ 3,16
B 6,028 o 2,604

FLAG

https://smujo.id/biodiv/issue/view/286 9/10



12/30/2020 Vol. 22 No. 1 (2021) | Biodiversitas Journal of Biological Diversity

DIRECTORY OF

@ (https://www.scopus.com/sourceid/21100332431) T

(http://doaj.org/toc/3edale70aa014e1le8bd 1fc367b4df956) GO g Ie

Scholar

(http://scholar.google.co.id/citations?hl=id&user=rae-IrEAAAAJ) m

Microsoft*

(http://search.crossref.org/?q=biodiversitas&type=Journal) AcC ademic Searc

(https://academic.microsoft.com/#/detail/2738269101)

https://smujo.id/biodiv/issue/view/286 10/10



BIODIVERSITAS
Volume 22, Number 1, January 2021
Pages: 298-303

ISSN: 1412-033X
E-ISSN: 2085-4722
DOI: 10.13057/biodiv/d220136

Diversity of biocontrol agents, isolated from several sources, inhibitory
to several fungal plant pathogens

YAN RAMONA!2* |IDA BAGUS GEDE DARMAYASA!, ANAK AGUNG NGURAH NARA KUSUMA?,
MARTIN A. LINE*
1 Department of Biology, Faculty of Mathematics and Natural Sciences, Universitas Udayana. JI.Raya Kampus Unud No. 9, Jimbaran, Badung 80361,
Bali, Indonesia. Tel.: +62-361-701954, Yemail: yan_ramona@unud.ac.id
2Integrated Laboratory for Biosciences and Biotechnology, Universitas Udayana. JI. Raya Kampus Unud No. 9, Jimbaran, Badung 80361, Bali, Indonesia
3STIKES Bina Usada Bali. JI. Raya Padang Luwih, Tegal Jaya, Dalung, Badung 80361, Bali, Indonesia
4School of Agricultural Science, Hobart Campus, Tasmania University. Churchill Ave, Hobart TAS 7005, Australia

Manuscript received: 21 November 2020. Revision accepted: 23 December 2020.

Abstract. Ramona Y, Darmayasa IBG, Kusuma AANN, Line MA. 2020. Diversity of biocontrol agents, isolated from several sources,
inhibitory to several fungal plant pathogens. Biodiversitas 22: 298-303. This study investigated the inhibitory potential of diversity of
antagonist bacteria residing in the rhizosphere zone and mature compost to counter fungal plant pathogens. Soils collected from
rhizosphere of lettuce farms in Bali-Indonesia and Tasmania-Australia, mature compost, commercial biocontrol (Dipel®), and
laboratory contaminants with significant inhibition against tested fungal pathogens were used as sources of antagonist bacteria. These
antagonists were isolated by applying dilution and spread method on trypticase soya agar (TSA) or potato dextrose agar (PDA), and
their ability to inhibit Sclerotinia minor, Sclerotinia sclerotiorum, Fusarium spp., and Rhizoctonia solani was assessed in dual culture
assays. The results showed that 67 out of more than 100 isolates had antagonistic activity in vitro against at least one of tested fungal
pathogens. In the preliminary identification, Bacillus spp. or Pseudomonas spp. were found to be pre-dominant isolates. Following
screening studies in a non-replicated glasshouse experiment against S. minor and S. sclerotiorum, 8 of the most promising isolates were
further identified using molecular methods based on their 16s rDNA sequences aligned with those deposited at the GeneBank. These 8
isolates were identified as Pseudomonas corrugata, Bacillus megaterium, Bacillus polymyxa, Bacillus mojavensis, Bacillus pumilus,

Bacillus thuringiensis, Exiguobacterium acetylicum, and Chryseobacterium indologenes.

Keywords: Antagonist, biological control, compost, diversity, plant pathogens, rhizosphere

INTRODUCTION

Isolation, screening, and identification are three first
stages in the investigation of antagonist microbial diversity
in soil samples, with a goal to develop biocontrol agents
inhibitory to fungal plant pathogens. Soils, especially in the
rhizosphere or rhizoplane of plant roots are commonly
colonized by abundant candidates of biocontrol agents. In
addition to soils, mature compost or decomposed plant
materials are also often used as sources of biocontrol agent
candidates. Until recently, root region of plants was still
preferred as the main source of antagonists of plant
pathogens (Suthar et al. 2016), although only small portion
of those biocontrol candidates are culturable in vitro
(Malleswari 2014).

In the last 3 decades, isolation of antagonists of plant
pathogens has been intensively carried out globally with a
view to develop more environmentally friendly solutions to
reduce excessive application of chemical-based pesticides
in farming practices. Chemicals have been used in many
aspects of our life, including farming activities to control
plant pathogens, and the negative side effects of such
compounds in human life have been well recognized (Kim
et al. 2016; Nicolopoulou-Stamati et al. 2016).
Accumulation of such chemicals in soil has been reported
to cause depletion of some beneficial soil microbiota,
particularly plant growth-promoting rhizobacteria and

mycorrhiza (Meena et al. 2020). Lucas et al. (2015)
reported that induction of resistance mechanism in plant
pathogens may also be due to excessive application of
chemical pesticides in farming practices, and this, in turn,
leads to an increased dose or invention of new pesticides to
control the same pathogens (Fernandes et al. 2010).

The most acceptable strategy to isolate biocontrol agent
candidates is to isolate them from the root or rhizosphere of
the specific crop where they are intended to be applied to
protect the plant, as they are already closely associated with
and well adapted to such environmental conditions (Larkin
and Fravel 1998). Ciancio et al. (2016) intensively
reviewed several improved screening methods to identify
likely antagonist candidates. Screening methods developed
in the isolation of antagonist candidates should consider the
relatedness of those antagonist candidates with their
habitats. The conditions of isolation should be adjusted as
close as possible with those where such agents are to be
applied (Ciancio et al. 2016).

In the present study, the antagonists were isolated from
rhizosphere of lettuce plants in Bedugul village of Bali,
Indonesia and in Tasmania, Australia because, at the time
of sample collection, farms in these areas were planted with
lettuce plants against whose pathogens the antagonists are
targeted. These antagonist candidates were targeted for use
to protect such lettuce plants from attack by their pathogens
(Sclerotinia  minor and/or Sclerotinia sclerotiorum).
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Another source of our antagonists was mature compost
purchased from a nursery in Denpasar, Bali-Indonesia as
well as in Tasmania in Australia. The rationale to target
mature compost was due to a report of Gehan et al. (2018)
where it was suggested that mature composts (including
vermicompost) are also abundantly colonized by
antagonists of fungal pathogens. Isolates with ability to
significantly inhibit selected plant pathogens in vitro were
screened in a non-replicated glasshouse pot trial before
being further identified using molecular methods based on
nucleotide sequence of the isolates. Molecular
identification of most potential antagonists, isolated from
areas mentioned above, will advance the understanding of
the diversity of bacterial antagonists inhibitory to several
plant pathogens.

Based on the above rationale, the main objective of this
present study was to investigate the diversity of antagonist
isolates residing in various sources, particularly in
rhizosphere zone of lettuce plants, with the goal to develop
biocontrol agents antagonistic against fungal pathogens,
such as S. minor, S. sclerotiorum, Fusarium spp. and
Rhizoctonia solani. Following the isolation, molecular
identification based on 16s rDNA was carried out. The
results of this research provide the foundation to develop
and advance novel environmentally friendly methods of
plant-pathogen control in organic farming practices, so that
use of chemical-based fungicides in farming practices can
be significantly reduced or even eliminated.

MATERIALS AND METHODS

Isolation of potential antagonists

Soils collected from lettuce farms in Bali-Indonesia and
in Tasmania-Australia were used as the main source of
bacterial antagonists. Bacterial antagonists were also
obtained from the stock culture collections of the School of
Biology, Udayana University as well as from the
Environmental Microbiology Laboratory, School of
Agricultural Science Tasmania University, Australia. Serial
dilution and spread plate method as specified in Wulansari
et al. (2015) was applied in the isolation and purification of
these biocontrol agents.

Fungal pathogens

Fungal pathogens (Sclerotinia minor, S. sclerotiorum,
Fusarium sp., and Rhizoctonia solani) were obtained from
stock culture collection of Laboratory of Environmental
Microbiology, Tasmania University or Laboratory of
Microbiology, School of Biology, Udayana University. For
regular use, these pathogens were sub-cultured on fresh
PDA plates. For long-term storage, they were placed in
sterile distilled water and stored at 4°C.

Dual culture assay for screening of potential biocontrol
agents

Dual culture assays were conducted in vitro by
challenging antagonists with tested pathogens on plates of
PDA or TSA according to procedures specified in
Woulansari et al. (2015).
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Screening of potential antagonists in a non-replicated
pot trial

The efficacy of biocontrol agents to protect lettuce
seedlings from attack by either S. minor or S sclerotiorum
in a non-replicated glasshouse trial was conducted by
immersing the plant roots in suspension of 48 hour-old
bacterial antagonists. This trial was aimed at selecting the
most effective number of antagonist isolates to be used in
further studies. The bacterial cell density in saline solution
was approximately 108 cells/ml, and this was determined
using a spectrophotometer at OD reading of 540 nm.
Inoculation of pots after 1 week of acclimatization was
done following the method as specified in Wulansari et al.
(2015), and all pots were maintained in the glasshouse for
up to 8 weeks until disease incidence appeared. The
negative and positive controls of this trial were un-
inoculated pots and those inoculated with pathogen only,
respectively.

16s rDNA sequencing analysis of potential antagonist
isolates

For molecular identification, the sequence of 16S rDNA
of some potential bacterial antagonists was determined and
compared with their counterparts in a clone library of
known  bacteria  (http://www.ncbi.nlm.nih.gov). The
detailed procedures for the molecular identification of the
most potential antagonists included extraction of DNA,
Prep-A-gene purification, Polymerase chain reaction using
the HotStart Mastermix PCR Kkit, Qiagen, Purification of
PCR product, and Sequencing reactions following the
method specified in Ramona et al. (2015). Sequencing of
the PCR product was conducted at the Molecular Biology
Unit, School of Biomedical and Molecular Science,
Griffith University, Queensland-Australia.

Data analysis

Data obtained in this research were descriptively
analyzed. Statistical analysis was not conducted in this
study as our rapid screening for potential antagonist
isolates only applied a non replicated pot trial. This method
however was found to be effective to screen most potential
candidates of biocontrol agents among hundreds of isolates.

RESULTS AND DISCUSSION

Soils in the root rhizosphere are particularly the most
suitable habitat for abundant bacteria antagonistic against
fungal pathogens Sclerotinia minor or Sclerotinia
sclerotiorum. Shelby et al. (2016) reviewed that these
bacterial antagonists play a significant mutualistic role with
their plant hosts, although only small portion of those
antagonists is culturable (Martines-Viveros et al. 2010).
Our study demonstrated that soil contained high population
of bacterial antagonists as we could isolate more than 100
isolates. Among those isolates, 20 showed significant
inhibition zones (0.00 £ 0.0 t0 9.7 + 0.7 mm) to at least one
tested plant pathogens (S. minor, S. sclerotiorum, Fusarium
sp, or R. solani). They were further screened in a non-


http://www.ncbi.nlm.nih.gov/
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replicated pot trial prior to molecular identification, and the
results were reported elsewhere by Ramona (2003).

Rhizosphere zone appeared to be the most favorable
habitat for most biocontrol agents as they are often in
mutual association with plant roots. Therefore, soil from
this zone was used as the main source of antagonist
candidates, although most of them have been reported to be
non-culturable in vitro on synthetic media. In our previous
research, an antagonist Bacillus mojavensis, isolated as a
laboratory agar-plate contaminant also showed good results
in the non-replicated glasshouse trial (Ramona 2003).

Dual culture using pathogen plus potential antagonist-
based assay was found to be rapid, simple, and effective
method to initially recognize antagonistic activity in broad
screening of potential biocontrol agents. Until recently,
research on biocontrol development still relied on this
conventional method (Kunova et al. 2016). In dual culture
assays conducted in our study indicated zone of inhibition
and some growth abnormalities of S. minor, such as
alteration of hyphal tip color, hyphal tips became swollen
or lysed hyphal tips (Figure 1). Similar responses were
reported on Rhizoctonia solani following dual culture assay
with Trichoderma virens (Inayati et al. 2020).

Beyond simply being fungistatic, lethal effects of the
active compounds released by the antagonists to their
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surroundings were also observed. This was indicated as
some mycelial plugs of the pathogens taken from the edge
of the inhibition zone in dual culture assay failed to recover
following sub-culture onto fresh PDA. Formation of
inhibition zone between antagonists and pathogens in dual
culture assays was commonly reported to be due to
antibiosis mechanism in addition to ferric siderophore
activity (Ghorbanpour et al. 2018). Additionally, according
to Anith et al. (2014) diameter of inhibition zone in-vitro
may depend on types of medium used in the dual culture
assays.

Our non-replicated glasshouse trial was found to be
effective to limit numbers of antagonist isolates to be
further studied (Table 1). In this trial, S. minor was found
to be more aggressive than S. sclerotiorum in attacking
lettuce seedlings/plant, as infection by S. minor appeared
within days after inoculation rather than several weeks after
inoculation. Isolates of 8 antagonists (UT1, SAJ6, PA, Bali
C, and Bali G, RC antagonist, SBJ4, and a commercially
available strain Dipel®) showed significantly higher
protection (ranging from 25% to 50%), when compared to
the control treatment were selected for further
identification using molecular methodology based on
sequencing of their 16s rDNA.

Table 1. Non-replicated trial in a glasshouse scale experiment to assess the efficacy of selected antagonists to prevent lettuce seedling

infection by Sclerotinia minor or S. sclerotiorum

% of healthy plants after S. minor
Inoculation (%)

% of healthy plants after S. sclerotiorum
inoculation (%)

1
Treatments Days after pathogen inoculation Weeks after pathogen inoculation
4 5 6 2 4 8
C7 (TSA) 25 0 0 100 50 0
C8 (TSA) 50 0 0 75 50 25
C9 (TSA) 75 25 0 100 25 0
UT1 (PDA) 75 25 25 75 25 25
UT4 (TSA) 25 25 0 100 0 0
RC ant. (TSA) 50 0 0 100 75 50
3A (TSA) 50 0 0 50 50 25
SAJ1 (TSA) 50 0 0 50 25 25
SAJ2 (TSA) 25 0 0 75 50 25
SAJ3 (TSA) 50 0 0 50 0 0
SAJ5 (TSA) 50 0 0 25 0 0
SAJ6 (TSA/PDA) 100 75 50 75 50 25
SAJ9 (TSA) 0 0 0 75 50 0
SBJ4 (TSA) 50 25 0 75 50 25
RW1 (TSA) 50 25 0 50 25 0
PA (PDA) 75 50 25 100 50 50
Bali C (TSA) 25 25 25 75 25 25
Bali E (TSA) 25 0 0 50 25 0
Bali G (TSA) 50 50 25 100 50 50
Dipel (TSA) 25 25 0 100 50 25
AOB1* 0 0 0 25 0 0
A0BO** 100 100 100 100 100 100

Note: *Each pot was sown with 4 lettuce seedlings. *Pots inoculated with either S. minor or S. sclerotiorum only served as control
treatments. **Nil control (neither pathogen nor antagonist was inoculated)
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Figure 1. Inhibition zones in dual culture assays produced by some bacterial antagonists on fungal plant pathogens. A and C are
inhibition zones of Lysobacter antibioticus and Bacillus thuringiensis respectively on S. sclerotiorum; B, F, and G are inhibition zones
of Bacillus pumilus and Bacillus polymyxa, and Pseudomonas corrugata respectively on S. minor; D and E are inhibition zones of
Bacillus polymyxa on Fusarium sp. and R. solani, respectively; H is normal growth of S. minor; and | is microscopic normal growth of
S. minor hyphal tips on potato dextrose agar. Colour alteration, swollen hyphal tips, and lysed of S. minor mycelial tips, indicating
growth abnormalities, are shown by arrowheads (A, J, and K, respectively)

Preliminary identification which included several
biochemical reaction tests (Gram stain, spore stain,
motility, flagella stain, oxidative/fermentative capability,
oxidase activity, catalase activity, casein hydrolysis
capability, starch hydrolysis capability, urease activity,
methyl red and Voges-Proskauer test, citrate utilization,
indole formation, UV fluorescence, levan production, and
gelatin hydrolysis capability) was reported in our previous
study (Ramona 2003). Most isolates belong to genera of
Bacillus or Pseudomonas spp. Other isolate cultures found
to be less frequent, such as Acinetobacter, Flavobacterium,
Moraxella, Alcaligenes, Chromobacterium, Erwinia,
Brevibacterium, or Proteus species were also identified.

Molecular identification conducted in this current study
on the 8 most potential isolates (SAJ6, PA, RC antagonist,
Bali C, Bali G, Bali J, SBJ4, and a bacterium isolated from
commercially available biocontrol product Dipel®) showed
that they were closely related to Pseudomonas corrugata,
Bacillus mojavensis, B. pumilus, Exigoubacterium

acetylicum, Lysobacter antibioticus, Chryseobacterium
indologenes, B. megaterium, and B. thuringiensis (Dipel),
respectively (Figure 2). This molecular identification
provided more definitive identity of these isolates
following alignment of their 16s rDNA sequences with
those deposited at the Gen-Bank Nucleotide Database
Library using GAPPED BLAST on-line searches
(http://www.ncbi.nml.nih.gov/blast/blast.cgi) (Mauti et al.
2013; da Costa Capizzani et al. 2018). Bacillus
thuringiensis, B. pumilus, B. mojavensis, B. megaterium,
and Pseudomonas corrugata appeared to be the same
species as those frequently reported as biocontrol agents in
the literature (e.g. by Wang et al. 2020; Heidarzadeh and
Baghaee-Ravari 2015; Ntushelo et al. 2019; Zheng and
Sinclare 2000; and Catara 2007, respectively). Rare reports
on the potential use of Lysobacter antibioticus,
Exiguobacterium  acetylicum, and Chryseobacterium
indologenes as biocontrol agents could be found.
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Figure 2. The relatedness of selected antagonists with those deposited in the GeneBank. The bar indicates 0.1% rDNA difference in

relatedness

This study clearly demonstrated that high diversity of
antagonist bacteria could be found in the lettuce
rhizosphere zone, although only small portions were
culturable in vitro. Besides that, only a limited number of
those isolates were found effective to control plant
pathogens in vitro or in glasshouse scale experiments.
Among more than 100 isolates obtained, only 8 isolates
were found to be consistently inhibitory to S. minor and S.
sclerotiorum, and they were closely related genetically to
Pseudomonas corrugata, Bacillus megaterium, Bacillus
polymyxa, Bacillus mojavensis, Bacillus pumilus, Bacillus
thuringiensis, Exiguobacterium acetylicum,
Chryseobacterium indologenes following alignment of
their 16s rDNA with those deposited in the Gen-Bank
Nucleotide Database Library. The results of this study has
significant implications for the future development of
biocontrol methods and solutions to reduce application of
chemical-based fungicides in organic farming practices.

Inhibitory compounds (anti-fungal compounds) produced
by these identified antagonists need to be extracted in
future study, so that the mechanisms by which such
antagonists inhibited the tested pathogens can be
elucidated. This will make it possible to produce large scale
biological-based compounds inhibitory to plant pathogens
in the future allowing more sustainable biological methods
for controlling fungal plant pathogens.
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