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THE EFFECTIVENESS OF VARIOUS FORMULATION OF
ENDOPHYTIC BACTERIA FROM MANGROVE TO CONTROL
PHYTOPHTHORALEAF BLIGHT
ON JAPANESE TARO

ABSTRACT
The development of Japanese taro in Indonesfacisd on manyroblems. One of the
problems in thecultivation of taro satoimo is leaf bliglitiseasecaused byPhytophtora
colocasiae The pathogen is capahle producing spores that are ready to be released in
water and spread through water splashes, usitaMill increase during the rainy season.
Thedecrease of taro tuber production causeBttophtora colocasiaattack can reach up
to 50%, this obviously causing economically high los$as. objective ofhiis researclvas
to know the potential ofariousformulatiorsin maintaining viability of skected endophytic
bacteria from mangrovéheir potency in suppressing the growthRifytophtora colocasiae
and to identity of endophytic bacteria from selected mangrove miaht molecular
technique. The research method includes pathogen isolationtededgmlophytic bacteria
formulation, formulation stability test, application of formulation on plant and observation
of disease occurrence and severity and identification of bacterial isolates moledtrerly.
result showed d&sed on the research it is knowhat compost formulation has the best
stability capacity compared to other formulations in maintaining viability of endophytic
mangrove bacteria up tsixteenweels. Data shown thamixture endophytic bacteria
treatment is better than singé®latetreament. In the test of liquid formulation, the severity
and incidence of isolate A treatment is the treatment which shows the best disease severity
suppression value up to 57% followed by ABW@ixture bacteria treatment which can
suppress disease severitytaB5%. In the test of dust/flour formulation and solid/compost
formulation the value of severity and incidence of ABC isolate treatment has showed as the
best disease severity suppression indicated by the lowest severity and disease occurrence of
20% (KeP and KjP dust/flour formulation) and 6.6% and 20% (KeP and KjP solid/compost
formulations). It was also found that YA1KAisolates in dust/flour formulation showed the
highest plant height and root weight of 68.4 cm and 44.9 gr. While the isolates K6BR1
in solid/compost formulation have the best fresh weight of 94.8 gr. In this stadsglected
isolates of endophytes mangrdweve beemdentified by molecular technique Bacterium
NLAE-zI-H299, Providencia rettgeri, Providencia vermicola, Entepocus faecalis,
Bacillus amyloliquefaciens, Bacillus cereus, Bacillus thuringienals of them has the
ability to regulate plant growth and suppress the development of pathogen .

Keywords: Mangrove, Endophytic BacteriBhytophthora colocasiad’lant Dsease
Control, Bacterial Formulation



1. INTRODUCTION
1.1 Background

Mangrove plants are halofit plants that are plants that can live in a state of high NaCl
(saline) this plant lives in the coastal areas and grows around the tropical and subtropical
counties. According to Arobaya & Wanma (2006), Indonesia has 27% of the world's total
mangrove forest, equivalent to 4.25 million ha, wiAilécennia andRhizoporaare the most
common genera (Rusila & Khazali, 2006). The vast biodiversity is inseparabletifeom

microorganisms living in it known as endophytic bacteria.

Endophytic bacteria are microbes that live in plant tissues with various roles. The
role of endophytic bacteria include plant growth promotion as part of its ability to synthesize
and mobilize posphates, producing growth hormones and enzymes. In addition, endophytic
bacteria also play a role in supporting plant resistance as a biological agent. Endophytic
bacteriaact as biological control agents by producing antimicrobial compounds that are
anfagonistic to pathogens, space competition and nutrition to pathogens, micronutrient
competitions such as iron, and producing siderophores, and causing host plants to be resistant
to pathogen attack. In addition, some endophytic bacteria also producetantifinpounds
such as phenazines, pyrolnitrin, pycocyanin, and phloroglucianol and extracellular enzymes
and pseudomonic acid. Previous research has showerttlaphytic bacteria originatied
from mangrove plants in India exhibit antibiotic activity, pwoihg pectin enzymes,
proteases, chitinases, lipases, nitrogen fixing capabilities, phosphate providers, and auxin
hormone producers (Gayathri & Saravaeaml. 2010, Ravikumar, Inbanesat al. 2010,
Gayathri & Muralikrishnan 2013, Gayathri & Muralikrisan 2014).

In the previous research, the research activity started with the isolation of the leaf
blight pathogen on the Japanese taro plant (satoimo) at the taro planting gganah
Tajur, Bogor. Results of microbial isolation of endophytes mamggpdants obtained from
4 sampling sites totaling as many as 843 isolates of endophytic bacteria. A total of 206
endophytic bacterial isolates (including 6 isolates) were obtained from Karangsong
Indramayu Village, 229 endophytic bacterial isolates (inolyé consortium isolates) Baros
Bantul Hamlet, Tirtohargo Village Yogyakarta, 208 endophytic bacterial isolates (including
6 consortium isolates) were obtained from Taman Wisata Alam Angke Kapuk Jakarta and
200 bacterial isolates (including 6 isolates samium) were obtained from Alas Purwo

National Park Block Bedul. Generally bacterial isolatikeat we obtained have varies



morphologicalcharacteristics suctegular, mucoid and slimy colonic edges. Meanwhile,
colony color obtained showed white, yellowaoge and red. transparent, until yellow.

Endophytic bacterial isolates with the highest canopy length were obtained at
observation of isolate treatment Yogyakarta YAIN®ith a crown height of 33.875 cm
followed by Banyuwangi isolate BR132with a valueof 32.58 cm and Yogyakarta isolate
YA2K2-5 with a value of 32.35 cm. The observation with the lowest value was obtained at
Banyuwangi bacteria endophytic treatment of BAZSwith the value of 28,625 cm above
the control value of 25 cm. The highest treant value of YALNZ/ isolate was not
significantly different with all treatment of endophytic mangrove bacteria from Yogyakarta
and most of bacterial isolate treatment from Banyuwangi but significantlyefitfécom the

control treatment.

Endophytic baaria with the highest@antagonism ability were obtained from
observation of 3 treatment isolates of Yogyakarta namely, YRLW2th the value of
65.625%, YAL1T26 of 58.333% and YALKE 52.632%. The lowest valuesre observed
on YRIN23, YR2K2-3, YR2K2-4 and YR2N51 which showed no inhibition with the same
value as the control treatment of 0%.

The observation of phosphate dissolution indicates that there are 3 isolates of
yogyakarta and 1 isolate of Banyuwangi which possesses strong ability to dissolve phosphate
compared to o#r endophytic bacterial isolates. These isolates include BRI1K5
(Banyuwangi), YA1K57, YA2K2-5, and YA1K25 (Yogyakarta). The isolates show the
appearance of clear zone (halo around bacterial colonies) indicating ability to dissolve
phosphate in pikovskaymedia.

The capability of nitrogen inhibitiotestingon NFB medium showed information of
5 isolates of endophytic bacteria that have N tethering ability, including 4 isolates of
Yogyakarta and 1 isolate of Banyuwangi. The four isolates are YALKBR1NZ23,
YR2N5-1, YAL1T2-6 (Yogyakarta) and BA2T3 (Banyuwangi).

The seven isolates with the largest IAA production were obtained from observation
of Yogyakarta isolate YA2K5 (46.97059 ppm), karangsong isolate KAN$36.32353
ppm), Yogyakarta isolate YR2K2 (28.5 ppm), Yogyakarta isolate YA1N2 (25.44118
ppm), isolate banyuwangi BA2¥2 (25.38235 ppm), and Yogyakarta isolates YR1T2
(23.97059 ppm) and YA1k3 (22.55882 ppm). While the three isolates with the lowest



IAA production were obtained on obsetioa of isolate banyuwangi BR1KS (2.705882
ppm), karangsong isolate KAKZL (2.705882 ppm), Yogyakarta isolate YR2N5
(2.705882 ppm).

Observations of chitinase activity showed mixed data, from observation of
endophytic bacteria tested on agar mediumtaiaing chitin. Isolates with the largest
chitinase activity were obtained on observation of isolate Yogyakarta Y/A]1K2
Banyuwangi isolate BR1k8, Karangsong isolate KAN%9. These results were then
compared against an antagonistic test that demortstithie presence of inhibitory

consistency with the ability to degrade chitin.

Another est results showed 20 endophytic bacteria from mangnare tested
protease enzymactivity. Test showed positive result. The bacteria are able to produce
protease enzyas known in the presence of clear zones in skim milk milk agar form. A total
of 20 bacterial isolates producing protease enzymes can hydrolyze protein components of

skim milk on the medium into simpler compounds.

Based on the series of tests in this stomlycluded that mangroves provide a variety
of superior endophytic bacteria that have potential for agriculture, as a regulator of growth
and control of plant pathogens. The undisturbed mangrove ecosystem of two regions of
Yogyakarta and Banyuwangi becamests for a variety of superior endophytic bacteria
obtained in this study. While mangrove ecosystem Jakarta and Karangsong not produce

endophytic bacteria that support plant growth.
The Role of Endophytic Bacteria as a Biological Agent

Endophytic bacteriare bacteriavhich can growingn plant tissue without causing
symptoms of damage to the host. Kirchabél. (2001) reported the presence of endophytic
bacteria capable of spurring growth, increasing plant vigor. Shimiizai. (2009) also
reported thathere are endophytic bacteria that function as biocontrol agents (Steitakzu
2009). Backman & Sikora (2008) reported that endophytic bacteria have the ability to
improve self defense against disease pathogens, due to their ability to produce améimicrob
compounds, enzymes, salicylic acid, ethylene and other secondary compounds, primarily

play a role in inducing plant resistance.

The data show that superior endophytic bacteria are able to control the disease of

Chandrashekhakt al.(2007) reported it endophytic bacteria from several genera such as
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Pseudomonas, Bacillus and Azospirilluwere able to increase plant growth, decompose
cell wall pathogens, and inhibit the growth of pathogens by producing antimicrobial
compounds. Reinholtlurek & Hurek 2011) conveyed that endophytic bacteria can protect
host by way of fighting pathogens through increased plant defense (ISR), secretion of
substances that are antagonistic to pathogens or through competition to obtain sites of

colonization and nutrition.

Endophytic bacteria have superior advantages over rhizosphere bacteria in biological
control, such as being able to colonize plant tissue, have more capability protected from
stress due to abiotic factors, occupy the same niche with the common pathodethg, an
process of translocating metabolite compounds into plant tissue better (Hakthahn
1997). Aside from being a pathogen controlling agent, endophytic bacteria also have the
ability to spur plant growth. Several endophytic bacteria reported taigeqaantboosting
hormonias are reported in rice plants (Mwtifal.2012), tomato plants (Munét al. 2000),
and pepper plants (Sundaramoorghyal. 2012).

The beneficiaries of endophytic bacteria as biological control agents and as-growth
promoting lacteria are not yet widely felt by farmers because many studies only end up with
the selection of potential isolates alone, as some of the research constraints are not continued
so that the development of biocontrol agent utilization to control pathogénddnesia to
be overwhelmed. On the other hand, the Indonesian government has not fully supported the
biocontrol agent development program to be a pathogen control agent and the public's
assumption about synthetic chemical pesticides better than balloggents, so few
biological agents have been developed and formulated. The above problems need to be

addressed by testing simple formulations that are easy to use and apply to farmers.
Bacterial Endophytic Formulation

The formdation stage is the last gi@ ondevelopment of biological agents. Through
biological agent formulation, the stability of biological agents during storage and distribution
can be maintained, persisterafeagentsn field can be increased, and application of such
products in the fiel can beused more easily, in additidarmulation protecting biological
agents from lesfavorable environmental factors and atade to increase the activity of
biological agents on host targets. The formulation of the biological agent may be a solid
product such as flour and granulesliguid or suspension (oil or water based, and emulsion)
(Jones & Burges 1998).



A good formulation requires an optimized carrier (carrier material). The liquid / carrier used

in the formulation is adjusted to the purpadehe formulation and the type of biological

agent used (Andriani & Ria 2011). This is because the suitability of the carrier / carrier
material can maintain the viability of bacterial cells. Material selection will also determine
the effectiveness of éhformulation to enhance plant growth, and as a pathogen control
(Ardakaniet al. 2010). The decreased cell viability may be caused by several factors such
as ambient temperature, storage duration, changes in water content, type and nature of the
carrier Bai et al. 2003). Noviana and Raharjo (2009) stated that the change of population
on the carrier is influenced by factors that may be contained in the carrier such as biomass
production process, storage condition, nutrition, temperature and the presetocec of

compound.

One form of formulation that develops today uses organic materials as a carrier or carrier
material (Warrioret al. 2002). organic ingredients used as a carier provide advantages
because in addition to being a carrier as well as a sodrogtoents (food base) for
biocontrol agents (Hoitink & Boehm 1999). Other formulations with carrier / carrier
material. Talk is a very soft mineral having the properties of smooth, slick, oil and fat
suckers, low electrical conductivity, high heat cortducand high strength (Dixon 1989).

Talk has a chemical composition (88JO10(OH) 2) with magnesium, silicon, oxygen, and
hydrogen levels. This test has been widely tested and effective in maintaining bacterial
viability and suppressing the growth of pagiens (Kuenpecét al.2014; Munif & Mutaqgin

2016).

Another formulation used by others is in the form of a liquid formulation. The use of liquid
formulations is considered more practical in field applications. one of the ingredients that
has been widelytsdied as liquid liquid formers include waste coconut water, molasses, tofu
factory waste, palm oil mill effluent (LCPKS) and animal stock stew (Paturau 1982;
Ratdiana 2007; Soesargbal.2016)

This study aims to determine the potential of liquid, fland compost formulations in
maintaining viability in suppressing the growthRifiytophtora colocasiaa greenhouses

as well as identifying endophytic bacteria from selected mangrove plants.



1.2 Purpose
1. Know the potential of each formulation in maintag viability of selected endophytic

bacteria from mangrove plant.

2. Knowing the potential of each formulation tested in suppressing the growth of

Phytophtora colocasiae

3. Knowing the identity of endophytic bacteria from selected mangrove plantssutiesl a

active ingredient of the formula of the biological control agent molecularly.

1.3 Expected Results

This research is expected to provide information on product formulation capability
in maintaining viability of selected endophytic bacteria from maweg plant, obtained data
of product formulation ability in suppressifiytophtora colocasiagrowth in semi field,

and data of molecular mangrove endophytic bacteria identity.

2. BENEFITS AND IMPORTANCE OF RESEARCH IMPLEMENTATION

State of The Art

Application of agricultural products, especially biological products provide good results for
the environment. The success rate of biological products in the field is influenced by various
factors, one of which is formulation. To obtain the best formulatiomiétessary to select
through a series of experiments. The product formulation with the best carrier / carier type
will keep the population density per gram so that the endophytic bacteria remains in optimal
condition. Candidates of active ingredients ofldgical products have been obtained in
previous studies. Endophytic bacteria from mangrove plants obtained proved capable of
producing auxin hormones, being free nitrogen binders, possessing phosphate dissolving
capability, producing chitinolytic and pratigtic enzymes, and proven to be Agathogenic

in humans. Test results in vitro followed by formulation and stability tests. In vivo testing of
plant pathogens in greenhouses was also conducted. The-tgilactivities will be the basis

of the product fanulation that will be created next. Data in the form of endophytic bacteria

stability in formulation, bacterial density, and superior endophytic bacterial identity are the
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results of this stage of research. The hope, the best formulation with mangropégiad
bacteria as an active ingredient, in the future can be an alternative as an integrated part in

integrated control in the agricultural world.

3. METHODOLOGY

Materials and Tools

Taro japan results from tissue culture from Biotropblybag sterilesoil, gerile compost,

sterile manure, molasses, pepton aquades, coconut water, brown sugar, yest extract,
bentonite, cmc, calcium carbonate, dextrose, disposable petridis, B&B, Tols usetk

petri dish, reaction, erlenmeyer, beaker glass, mortapestitl oven, analytical balance,
syringe, laminar air flow, rice seeds, pathogenic firtgitophthorasp., TSB (Tryptic Soya

Broth) media, agar, GDP (Potato Dextrose Broth), Alcohol 70 %, sterile water, sterile sall,

plastic tray, spiritus, heaesistam plastic, aluminum foil and plastic wrap.
Time and Pace

This research carried out in Maretbecember 207 at IPB laboratorium Nematodes and
semifield at Hegarmanah Bogor.

Isolation of pathogenic fungi

Leaves that are attacked by blight are taken fitoerfield. Isolation of pathogenic
fungi was carried out on the leaves of the Japanese taro plant which was attacked by blight.
The leaves are cut small (rectangle) then surface sterilization by immersion in 2% NaOCI
for 30 seconds. Then soaked with 70%oéabl for 30 seconds and then each part of the plant
rinsed 3 times with sterile distilled water and dried and planted on petri dish that has
contained V8 agar and PDA media.

Cut tissues ofeavesthen incubated at room temperature. Incubation is dong for
days. The fungal mycelium that grows and is free of contaminants is transferred to the PDA
media for purification. This purification aims to separate the colonies of pathogenic fungi.
Morphological observations were performed again after incubation-figt days. The

isolated results were then identified with the aid of identification keys by Alexopoulos and
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Mims (1996) and Wanatabe (2002). Isolates are maintained on PDA and V8 media at room

temperature until they are used.

Biological Controls Agent Formulation
Selection of endophytic bacteria as the active ingredient of the formula

Selected endophytic bacteria in previous studies wetrested m vitro against the
pathogenicPhytophthorafungi. The three endophytic bacteria theatve bestresult in
inhibition of the development é¢thytophthorgpathogen are then selected as candidates for
subsequent testing. The combined treatment of the tested bacteria consisted of a single

bacterial treatment (A, B, C)
Preparation of Solid/CompostFormulation

The solidformulation was prepared as follows by as much as 100 ml of single
bacterial inoculum (A, B, C) and bactermixture treatment (ABC) grown on liquid LB
medium for 48 hours. Inoculated bacterial suspension volume was 30 ml of total volume (v
/ w). The carier / carier material is prepared by mixing 100 g of plant compost with 100 g
of kascing. Into the mixture was then added 10 mL of molasses and 1 g of peptone. As the
diluent was added back 30 mL of distilled water (Pradana 2015).

Preparation of Flour/Dust Formulation

The flour formulation was prepared in as much as 100 ml of bacterial inoculum. The
solid formulation was prepared as follows by as much as 100 ml of single bacterial inoculum
(A, B, C) and bacteriahixturetreatment (ABC) grown on LB liquichedium for 48 hours.
Inoculated bacterial suspension volume was 30 ml of total volume (v / w). The flour
formulation was prepared by mixing the endophytic bacterial inoculum into a flour mixture
consisting of 50 g of talk, 1 g of peptone, 0.5 g CMC, 1gtyeatract, 1g bentonite, 0.8 g
calcium carbonate, 1g Dextrose, 3 ml molases (Diana Putri 2015).

Preparation of Liquid Formulations
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The liquid formulation was prepared in a manner as much as 10 ml of the endophytic
bacterial inoculum. The solid formulati was prepared as follows by way of as much as 100
ml of single bacterial inoculum (A, B, C) and bacterakture (ABC) treatment 48 hours
inoculated into aqueous liquid solution containing coconut water 10% (v / v) with the
addition of molasses and 5%drsugar (v / v) gulamerah to be used in this study contains the
following ingredients Yetet al (2014).

Test of Bacterial Stability in Formulation

Endophytic bacteria The solid formulation was prepared as follows by means of as much as
100 ml of singlébacterial inoculum (A, B, C) and bactermalxture (ABC) treatment in an

in vitro formulation tested viability simultaneously at 4, 8, 12, and 16 weeks after
formulation with the aim of knowing the duration of endophytic bacteria's ability to survive

in the formula. Testing viability or ability to grow bacteria power by taking 1 g formulation,
dilution diluted to dilution 168. each dilution result taken as much as 0.1 mL then grown on
100% TSA medium, then incubated at room temperature for 24 to 48 mbaraumber of

growing colonies was calculated, then converted into cfelrabits by the formula:

Bacterial population :
pop DXV

Information :
r = number of colonies growing on a cup with a factor of dilutier{dfu);
p = dilution factor to;

v = volume of suspension dispersed op ¢mL) (Caesar & Burr 1991)

Supporting Capacity of Biological Agent Formulation on the Development of @ro and

PathogenPhytophthora colocasiae

Combination treatment of compost, flour and liquid formulation with single
treatment of endophytic bacteriaB,, C, and ABC (combined treatment) was applied to taro
tissue culture plant§aro seedlings ateaving high morphological uniformity and leaf blade
were used in this study each treatment was repeated as many as 5 unit of taro plant per
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treatment. The aate ingredients contained in the product formulation will improve the
performance of the plant so that it affects the morphology of the plant, as well as the tubers
that are formed. In addition to the results of this formulation will affect the resistatiee o

plant. The incidence and severity of the disease is a plant resistance factor tested by the
bacterial formulation. In this study, no artificial inoculation of leaf blight disease, but it is

expected to occur naturally.
Incidenceand Severity of LeafBlight

Disease Occurrence (KP) is the percentage of plant number infected by the pathogen
(n) of the total observed plant (N), as stated in the following formula:

KPz%xlOO%

Meanwhile Severity of Disease (KeP) or damage intensity is defined as the
percentage of pid tissue extent stricken by pathogens of the total area observed, as stated

in the following formula:

x(n; X vy)
- = 0,
KeP 7 %N x 100 %
Where KeP is the severity of the disease, n is the number of stricken tissues in each
category (score), v is the category (score) of attack, Z isghedt attack category and N is
the total of the observed tissue number (Zadoks & Schein 1979). The severity of the disease
observed by discoring refers to level of attack on each individual plant. The score value /

level of damage on the attack of tar@bt leaf is as follows:

0 = no symptoms of attack

1 = damage level>00 5 %

3 =damage level>50 25 %
5 =damage level>250 50 %
7 =damage level>500 7 5 %
9 = damage level> 75%

Data analysis

At the end of each treatment, the analysis
0.05 level,f significantly different then the further test at 5% level, the application used for
the analysis is SAS version 9.1 (Muetfal.2013).

14



Identification of Potential Endophytic Bacterial Isolates based on Marka 16S rRNA
Isolation of bacterial isolates 6 potential endophytic bacteria

Potential endophytic bacterial isolates were collected with sterile toothpicks and
suspended in 0.5 mL of sterile saline solution then centrifuged at 10,000 rpm for 10 min.
DNA was obtained by using the exgene sv cell ki{&ene all). Then electrophoresis and

documented with geldoc to see the DNA bands formed.
PCR, DNA Sequencing and Phylogenetic Analysis

A tot al of 1 eL DNA was added to the 20
primers 27F and 1492R. The PCR reaction was performed at 94 ° C. for 45 seconds, 55 ° C.
for 60 seconds and 72 ° C for 60 seconds at 35 cycles. The amplified DNA is sent to the
sequencing service company to determine the sequence of its DNA bases. The obtained
DNA sequence results were then compared with sequences in the database using the
BLAST-N program available on the NCBI websifdational Center for Biotechnology
Information): http://www.ncbi.nlm.nih.gov/BLAST. Phylogenetic analysis was performed
using MEGA 5.05 program with Neighbour Joining (NJ) method with bootstrap 1000x.

4. RESULT AND DISCUSSION
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A. Isolation of Pathogenic Fungus

Talas include alternative foodaps substitute riecghaped tuber consumption with
high carbohydrate content. The productivity of taro tubers can be influenced by various
factors, one of which is the attack of plant bullying organisms (OPT). One of them is the
pathogen of taro blight I€alisease namell?hytophthoracolocasie fungi. Plant aches with
symptoms of blight are obtained from the field of taro plants in the Tajur region and
Darmaga, tanned leaves are browsgstored with a blackisitolored boundary between
living tissue with tle stricken tissue. At the limit it appears the period of white fungus thin.

The presence of attacks on the leaves will cause the process of photosynthesis inhibited.

Figure 1. Crop pain (A), Leaf attacked (B), Konidia P.colocasiae (C) on sick leaves.

Symptoms of pathogen infectidPhytophthorabegins with small patches on the
leaves, then extends with brownish color and yellow margin, the presence of the fungus is
characterized by white mycelium around the wound, another characteristic is characterized
by a reddish yellowish liquid that hatches from the center of the wound (Fig. 1). The liquid
is then brownish blackish and hardened after drying. At advanced levels the symptoms of
the disease appear irregular and extend to all parts of the leaf (EchMRitzeiro 1996).
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Figure 2 Isolation of funguPhytophtora colocasiafom Japanese taro plant. Pieces of
infected taro leaf (A); Pure Isolate of P. colocasia€jBspores of the fungua.

colocasiagD).

Phytophtora colocasiapathogens areapable of producing spores that are ready
to be released in water and can spread through water splashes, usually the attacks will spread
during the rainy season. Uchida and Silva (2002) reported reducing taro tuber production by
up to 50% due to the attiaof this pathogenic leaf blight, causing economically high losses

that need to be controlled.

The disease spreads by spatial dispersion by splashes. The disease will increase at
temperatures between 25 and 280 C and relative humidity at or below 65% theriday
as well as at temperatures of 20 to 22 o C and relative humidity of 100% during the night.

Spread of disease by splashing water on sporangia and zoospore above leaf surface.
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Figure 3 Typical Shapes dPhytophthora colocasiaspores such demons seen under a

light microscope.
B. Selection of endophytic bacteria as the active ingredient of the formulation

The 24 isolates ofnangrove endophytic bactetimve been tested atigde highest
antagonism abilityaddressed t8 isolate of Yogyakaat that is, R1TD with the value of
65.625%, YA1T26 of 58.333% and YA1lKY 52.632% (Table 1). However, considering
the physiological properties of bacteria, namely the nature of catalase, the ability to bind
nitrogen, IAA production, the production of thaase enzymes and protein lysis capability.
Selected 3 best isolates were BR1K54 isolates; YRY, TYA1K5-7 with an antibiotic value
sequentially is 41.176%; 65.625%; 6216324 (Figure 4 and Table 1).

Figure 4. Three selected endophytic bactersallates based on antagonistic (A) and
endophytic bacteria with BA2F2 antagonist capability (No.45) (B).
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Table 1. Ability of antagonism of endophytic mangrove bacteria ag&ingtophthora
colocasiadungi

Antagonist test Antagonist tesi

Isolates Code (%) Isolates Coce (%)
BA2N2-4 26.667de YA1IN2-7 18.824ef
BA2T2-2 41.176c¢ YA1T2-6 58.333ab
BA2T5-12 Oh YA2K2-4 11.765fg
BA2T5-7 Oh YA2K2-5 31.250d
BR1K5-4 41.176c¢ YR1K5-1 33.333cd
BR1T24 Oh YR1K5-3 33.333cd
KAK5-21 Oh YR1N2-3 Oh
KAN5-1 Oh YR1T2-9 65.625a
KAN5-19 Oh YR2K2-3 Oh

KAT5-1 19.167ef YR2K2-4 Oh
YA1K2-3 Oh YR2N5-1 Oh
YA1K2-5 24.706de Kontrol Oh
YA1K5-7 52.632b

The antibiotic test of selected mangrove endophytic bacteria agdipgiphthora
colocasiaeshowed a consistent pentage of inhibition 6 fungal growth. In laboratory
Phytopthora colocasiagvhich weretestedto endophytic bacterinalformasi formsuch
thickening hyphagere observedEndophytic bacteria when tested against pathogenic fungi
can cause malformation inghmycelium of fungi (Rangkuti et al 2014). This is evidenced
by advanced antibiotic tests demonstrating the ability of selected endophytic bacteria in

suppressing the growth of the fungus (Figs. 5 and Table 2).

Table 2. Percentage of advanced antibeddual culture test of3 selected mangrove

endophytic bacteria againBt colocasiae

Treatmen Isolates Antibiosis (%)
Isolate BR1K54 49.20b
Isolae YR1T2-9 56.00a
Isolate YA1K5-7 41.80c
No treatmen{K) od
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Figure 5 YR1T29 (left) and YA1K57 (right) isolate antagonism test against pathogenic

isolate of taro leaf blight appears to be a malformation of hyphae thickening.
C. Preparation of Solid Formulations (Compost), Flour and Liquid

Formulation is the final stage of development of biologatgents. The objective is
that the biological agent product can be disseminated to the user. A total of 90 packet
formulations were successfully developed for each compost, flour and liquid formulation.
The formulation will then be inoculated with 3 sé&stendophytic bacteria and also used to

measure the viability level of each bacteria in each formulation (Figure 6).

Figure 6 Preparation of compost, flour and liquid formulation and inoculum of mangrove

endophytic bacteria.
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The formulatio of biological agents has several advantages such as: (1) maintaining
the stability of biological agents during storage and distribution; (2) increasing the
persistence of agens in the field; (3) facilitating the application of the products in the field;
(4) protecting the agens from less environmental factors support, and (5) increase the activity
of the agent at the host target. The formulations are of two types, ie solids (powders and

granules), and suspensions (oil or water, and emulsions) (Jonesrges B998).

Sulistiani (2009) reported the influence of interaction type of formulation and the
length of storage of the formulation gave mixed results to the stability and viability of
endophytic bacteria. The combination of formulation and the timppication after proper
incubation causes the plant to obtain maximum results for each given treatment. The choice
of carrier material in the formulation can be done by looking at the purpose of the
formulation and the type of biological agent to be fomted. Suitable carrier materials can
maintain viability of bacterial cells (Harahap 2011). Material selection will also determine
the effectiveness of the formulation to promote plant growth, and as a pathogen controller
(Ankardaniet al.2010).

The use obrganic matter as a carrier agent for biocontrol (Waetal.2002) has
a dual benefit because in addition to being a carrier and a source of nutrients for biocontrol
agents (Hoitink and Boehm 1999). Compost is an organic material, such as leawes, stra
grasses, rice bran, corn stalks, tendrils, herbs and animal manure that has been decomposed
by decomposing microorganisms, so that it can be utilized to improve soil properties.
Compost contains essential mineral nutrients for plants. Thus, compestisa of organic
matter and plant nutrition (Setyoriei al.2006). Compost base material with variation of C
/ N ratio contains low compost Nitrogen (N) along with other macro nutrients such as
phosphate and potassium elements make the quality of ebropaier material more
qualified (Widartiet al.2015).

The formulation of flour with talc were chooséecause it has been proven to be a
good carrir for endophytic bacteria (Princess 2016). Formulation of flour in the form of solid
with carrier carrierwhich is very soft mineral with chemical composition @8i10(OH)

2) with magnesium 26.228%, silicon 10.10%, 63.36% oxygen and 0.3626% hydrogen. Talk
can be in the sand and mud that has a very strong bond. Talk is a dominant type of mineral
soil assoated with kaolinite and gibbsite. Stability of talk is relatively different from other

clay minerals because the talk component has a very strong clay content. Talk also has the
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properties of smooth, slick, oil and fat suckers, low electrical conductivigh heat
conductor, and high strength (Dixon 1989).

Liquid formula with the use of coconut water as an organic waste for bacteria
growing medium has long been used. Vigéaal.(2006) reported that coconut water has a
complete nutritional compositionf 95.5% water, 4% carbohydrate, 0.1% fat, 0.02%
calcium, 0.01% phosphorus, 0.5% iron, amino acids, vitamin C, vitamin B complex and salts
mineral. Yeltiet al.(2014) also reported that coconut water formulation with the addition of
2% brown sugar to 60ays storage can maintain viability of phosphate solvent bacteria 7.0
X 1010 to 2.82 x 1011 cfu mL. The high population of bacteria in coconut water
formulation is caused by many carbon sources contained in coconut water. Coconut water
contains 91% watef).14% protein, 1.5% fat, 4.6% carbohydrate and 1.06% ash. Coconut
water contains various nutrients such as sucrose, dextrose, fructose and vitamin B complex.

These nutrients are very useful for the growth of solvent phosphate bacteria (Demse 2008).
D. Teg of Bacterial Viability in Formulation

Calculation of viability until week 2 of incubation showed a high population of
microbial density ranging from population of®l&fu mL-1. Bacterial populations on flour
and compost controls ranging from*Xu mL-1 (control data not shown) whereas in the
control of liquid formulation was not found presence of growing microbes (uncontaminated

controls).

Observational data showed that in the formulation of flour the active ingredient in
the form of selected mangrovendophytic bacteria showed a high population at the
beginning of storage, but slowly decreased the polution. up to week 8, isolate YALES
observed to have the highest population of population 106 compared to other isolates in the
range of 105. to thend of the observation (16 MSI) it was found that the starch formulation

successfully maintained endophytic bacteria population up®tofd@ ml (Fig. 7).

Observation data of viability of endophytic bacteria selected maagn liquid
formulations showedonsistency of endophytic bacterial populations in storage of the first
4 weeks of observation and slowly showed a decrease in population from week 8 observation
to the end of observation. However, the liquid formulation successfully maintained the
seleced mangrove endophytic bacterial population at the end of the observation (week 16)

in a population of 10cfu / ml.
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While the observation data of endophytic bacteria viability on compost formulation
showed a pattern similar to viability of flour formutaii at the end of the observation it was
found that the compost formulation was able to maintain viability of selected mangrove

endophytic bacteria in population 105 cfu / ml.

Storage technique is thought to be the factor of one of the factors affeating th
dynamics of bacterial populations contained in a product. during this research the endophytic
bacteria formulation was placed in a laboratory room with room temperature without air
conditioning and sufficient direct sun exposure. allegedly these faciifest the

development of microbes.

Another influential factor is the carrier type. The compatibility of the carrier / carrier
can maintain the viability of bacterial cells. Material selection will also determine the
effectiveness of the formulation to nease plant growth, and as pathogen control (Ardakani
et al. 2010). Of the three tested formulations, it is suspected that endophytic bacteria
originating from aquatic ecosystem ie mangrove ecosystem is more adaptive to liquid

formulation than other formations .
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Figure 7. Viability of isolate BR1K54; YR1FQ; YA1K5-7 on observations up to week 16

in the formulation of flour (a), liquid (b) and compost (c).
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Figure 8. The results of endophytic bacteria viability testasth formulation at dilution of
107 cfu ml-1 at week 4 incubation. Treatment of isolates BR1K54 (A); YR1T2
9 (B); YA1K5-7 (C).

The observations also showed after 16 weeks of shelf life, the carrier material used
as the formulation showed no change coragao the initial inoculation (Fig. 9). No change

of color or other physical changes at the time of observation on 16 MSI.

Figure 9. Physical formulations that have not changed during the shelf life of up to 16 MSI
include liquid formulation (top),compost formulation (center) and flour

formulation (below).




Figure 10. Results of #isolation on medium Nutrient Agar (NA) 3 isolates of endophytic
mangrove bacteria ie isolate isolates BR1K54 (A); YROTB); YA1K5-7 (C).

After 16 MSI were teted again to prove the truth of viability data through the method
of capture in order to scrape the formulation suspension over the NA medium. The result of

endophytic bacteria grows well after the 2nd day of frying on the NA medium.

E. Application of sekected mangrove endophytic bacteria formulation on taro plants

resulting from tissue culture

Formulation of endophytic mangrove bacteria was tested against taro plants of japan
result of development of tissue culture. This is because the tissue culfuiie kept away
from the effects of plant microorganisms so it is suitable as a plant model in the application
of endophytic microbes. The tissue culture crop used was 3 months of acclimation (Figure
11).

. \ m L=

Figure 11. Tissue culture tissue talc usethmstudy.

Application of formulation on taro plant is done by sowing method around test plant.
Meanwhile, the liquid formulation was performed by leaking at the base of the stem of the
plant (Figure 12). To keep the plants from experiencing stress, eyigoftacteria

formulation applications are performed after the plants are 1 month after transplanting.




Figure 12. Transplanting activities of taro plants resulting from tissue culture (A) and the
way of endophytic bacteria formulation apptioa on taro plants of japan.

In the application of taro seedlings, there are 4 treatment of selected mangrove
endophytic bacteria isolates used are isolate isolates BR1K54 (A); YR(BR YA1K5-7
(C) and AB-C combined isolates. The isolates were foated in 3 formulaons ie liquid,

flour and solidcompost.
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Figure 13 Cultivation of taro tissue culture results

Observations at 3 months of application maintenance with the 4 combinations of
endophytic bacterial isolates and the combaratf formulations showed a good influence
on the growth of taro seeds from tissue culture tested. Observation of plants treated with
endophytic bacteria in liquid and flour formulations did not differ on the plant height and
leaf number parameters. Howeym the treatment of endophytic bacteria formulated solid
/ compost showed the largest plant height obtained isolates A of 52.6 tftiese not
different with the treatment of isolate isolate ABC and isolate C (Table 3). Based on these

results besles endophytic bacteria suspected compost formulation effect on plant growth.

Table 3. Effect of endophytic bacteria formulation on taro plant development until 3rd month

Heigh Leaf Heigh Leaf Heigh Leaf
Treatment plant number plant number plant number
Liquid fomulation Flour formulation = Compost Formulatior
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Isolate A 32.20a 3.20a 38.60a 3.80a 52.60a 3.40a

Isolats B 32.00a 3.80a 31.60a 3.00a 33.40b 2.8b
Isolate C 42.20a 4.00a 37.60a 3.00a 40.60ab  3.40ab
Isolate ABC 35.40a 4.40a 31.60a 4.00a  40.60ab 3.80a
Control 32.40a 3.20a 20.80a 3.00a 33.60b 2.6b

Description: The same letters that follow the numbers mean no significant difference in Duncan's multiple
|l apse test (at U = 0.05).

F. The Effectiveness of Three Bacterial In Planta Formulations
Liquid Formulation

Application of liquid formulation on taro seed origin of tissue culture showed that
the highest value of the largest plants obtained at observation ofrdi&Gre treatment.
Observation at 6th month of maintenance showed that crown weightoahdveights
obtained amixturetreatment were relatively higher compared with other treatments. Along
with the development towards the generative phase (tuber formation) based on the
observation of the number of leaves on the Japanese taro plants $umrctifture decreased
compared to the observation age of 2 months. Based on observations, treatment A was noted
to have the highest number of leaves compared to other treatments. Meanwhile, the highest
severity level of leaf blight attack was obtained arotjapan culture tissue treated with
isolate B which reached 60%. However, the highest disease occurrence was observed in
control treatment and treatment of C which reached 80%. Based on the severity and
incidence of isolate A treatment, the treatmeninsdtbthe best disease severity suppression
value up to 57% followed by AB@ixture bacteria treatment which suppressed disease
severity up to 35% (Table 4).

Table 4. The results of testing liquid formulations on the growth and development of taro

blight leaf disease

Perlakuan TT(cm) BT(gr) BA(gr) JD SK KeP(%) KjP(%)
ABCc 46.2b 493c 21.7c 18ab 240a 26.6 60
Cc 37.4b 446Dbc 128ab 2.4Dbc 40a 35.5 80
Bc 10.6a 134a 68a 12a 60.0b 60.0 60
Ac 324b 26.5ab 153bc 2.8bc 200a 13.3 40
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Kc 400b 44.2bc 18.0bc 3.0c 12.0 a 26.6 80

Description Acylation Treatment Ac: BR1K& Liquid Formulation, Bc: YR1T® Liquid Formulation, Cc:
YA1K5-7 Liquid Formulation, ABCc: Combination of 3 bacteria in liquid formulation, Kc: Control of liquid
formulation media.

Flour/Dust Formulation

Observation of flour formulation application on taro seed from tissue culture gave
information that isolate C treatment has high value of plant (68.4 cm), canopy weight (94.2
gr), root weight (44.9 gr) and diseaseverity score (18%) best compared with treatment
other. Meanwhile, treatment A showed the best value in observation of leaf number of 2.8

leaves (Table 5). Based on these results it can be concluded that single endofite bacteria
treatment of isolate Gibetter.

Table 5. The results of testing the starch formulations on the growth and development of taro
blight leaf disease

Perlakuan TT(cm) BT(gr) BA(gr) JD SK KeP(%) KjP(%)
45. 2

ABCt ab 494a 2l1.7aa 18ab 20a 20 20

Ct 68.4b 942b 449b 18ab 18a 28.8 60

Bt 40.0a 65.0ab 20.0a 2.0bc 50bc 53.3 80

At 23.2a 47.5a 19.7a 28c 36ab 28.8 60

Kt 364a 35.6a 21.7a 10a 69c 7.7 100

Description of the isolate treatment At: BR1KSlour formulation, Bt: YR1T2 flour formulation, Ct YA1K5-

7 flour formulation, ABCt: combination of the 3 bacteria in the flour formulation, Kt: Control of flour formulation
media.

Solid / Compost Formulation

In the observation of bacteria endophytic bacteria isolate packed in solid / compost
formulationto taro seed from tissue culture known that the treatment of bacterial isolate A
shows the plant height value of 59.0 cm, the weights of 94.8 gr. Treatment C is known to
have 3.8 leaf number of leaves the treatment has a value, which is better than other
treatments. In the combined endophytic bacteria ABC treatment obtained root weight value
of 34.2 gr with disease severity score of 2% (Table 6). Based on these data, on the test of
solid formulation of ABC isolate treatment is the most effective treatmesippressing the
progression of leaf blight disease.
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Table 6. The results of solid formulation testing on the growth and development of taro blight

leaf disease
Perlakuan TT(cm) BT(gr) BA(gr) JD SK KeP(%) KjP(%)
ABCp 45.8ab 62.0ab 34.2b 26ab 20a 6.6 20
Cp 30.6a 27.1a 198ab 38b 8.0a 22.2 40
Bp 294a 176a 10.8a 26ab 20a 6.6 20
Ap 59.0b 948b 287b 16a 16.0a 17.7 40
Kp 26.2a 299a 126a 18a 44b 53.3 80

Treatment of isolates Ap: BR1K&Liquid formulation, Bp: YR1T2 Liquid formulation, Cp: YA1K5
7 Liquid formulation, ABCp: Combination of 3 bacteria in liquid formulation, Kp: Media control.

Based on the observation, the general application of endophytic bacteria from
mangrove plant to taro seed from tissue culturevelothe influence on plant growth and
disease progression. In general, treatmentniture endophytic bacteria in 3 different
formulations showed a tendency in increasing growth and suppression of disease severity.
Formulations in solid / compost form reas better effect than other formulations. Provision
of compost formulation can increase plant growth and reduce the percentage of disease

incidence when compared to other treatments.

The best endophytic bacterial treatment of 4 bacterial treatments iteStelifferent
formulations was ABC treatment which was a combined treatment of 3 selected bacterial
isolates. The combined isolates are capable of enhancing the growth of the crop while
suppressing better severity when compared with other treatment&5BR&ndophytic
bacteria (isoate A) are known to have the ability to produce IAA hormone, chitinase enzyme
producer, and able to dissolve phosphate. While isolates B (YA)KHd C (YR1TX)
are able to dissolve phosphates, produce protease enzymesepkdAy inhibit nitrogen

and are unable to produce chitinase enzymes.

Chitinase enzyme is one of the secondary metabolites released by biological agents
that can be toxic to the fungus because the fungal body is composed of chitin. Gayathri and
Muralikrishnan (2013) reported endophytic bacteria from mangrove plants from the
Streptomyces group and Actinomyces can produce protease enzymes and chitinases.
Enzyme is very influential on the emphasis of Aspergilus flavus fungus and Aspergilus niger
because the ostituent cell wall is chitin.

Puspitaet al. (2013) states that the hormone IAA produced by bacteria serves as a
stimulating substance to grow plants by stimulating cell division and regulator of cell

enlargement and spur absorb water and nutrients ffieat plant growth. Previous studies
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have also reported that Bacillus sp. and Pseudomonas sp. capable of producing I1AA

hormones that are known to increase the function of plant stems.

Nitrogen is the constituent of about 80% of all gases in the atmospiengrogen
can not be used directly by plants. Nitrogen can be used after it is fixed by bacteria. The
presence of nitrogen fixing bacteria in nature helps the plants to meet the needs of the
nitrogen element. Nitrogen is useful in increasing plant dgrowthe vegetative phase, as
well as contributing to the formation of chlorophyll and amino acids (Rao 1994).

Phosphorus (P) is one of the macro nutrients needed by plants to form energy for
growth. Phosphorus is a constituent of Adenosine triphosphatB)(Associated in the
formation of energy in plants. The solvent phosphate bacterium disseb@snB to form
(H2PO4, PO43 and HPO432 by removing organic acids such as formic acid, acetic acid,
propionate acid, lactic acid and fumaric acid. The orgacids produced by the phosphate
solvent bacteria will change the pH so that the binding P2 + Ca2 +, Fe3 + and AI3 + ions
will release the bond so that P is available to the plant (Premono & Widyastuti 1994;
Hwangboet al.2003)

Endophytic bacteria have direct and indirect role in suppressing the growth of
pathogens. Endophytic bacteria are indirectly able to trigger plants to produce defensive
compounds against pathogens such as salicylic acid and directly bacteria capable of
producing antibacterial anainti-fungal compounds, siderophores, and able to inhibit the
growth of pathogens through nutrition and space competition (Rosenblueth and Martinez
2006).

The result of agronomic variable observation showed that bacteria application in the
form of flour andcompost (solid) tends to increase the plant growth because the material

from the formulation is able to assist the plant in obtaining additional nutrients.

One of the ingredients in flour formulation is that CMC acts as an additive and as a
developer, ca@ium carbonate as a source of calcium for bacterial growth and neutralizing
PH in the medium (Ankardaset al.2010). neutral pH will facilitate the plant in absorbing
nutrients because the pH is too acidic cause nutrients bound by Fe and Al ions. saimentra

too alkaline pH exists.

The addition of molasses to compost and flour formulations in addition to their role as

nutrients from molasses bacteria also contains various sources of carbohydrates such as
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glucose, sucrose and fructose (Paturau 1982). Gayrawd Evans (1984) also stated that

the glucose content in molasses can be used as a source of energy needed for metabolism in
the cells so that its growth becomes optimal. In addition, molasses also serves as a
preservative during storage (Burges ande3at998). The complex carbohydrate content in
molasses can lead to an increase in the length of bacterial incubation time before reaching
the maximum population. The ingredients in the formulation may meet the nutritional needs
and nutrient elements of th@ant. The availability of nutrients is absorbed by plants to
mambantu physiological processes such as photosynthesis process. The process of
photosynthesis produces carbohydrates as a source of energy and raw materials of amino
acids in the formation giroteins. Proteins are substances that make up the cell nucleus and
cell division, which means that plant growth begins with cell division that requires energy

in the form of ATP (Puspitat al.2013). The high growth of a plant is caused by cell division

and cell extension. Continued cleavage and extension of plant cells will spur growth on

shoots of plants and will eventually lead to higher plant growth (Le=ttati2007).

The use of kascing as the main material of solid formulation because this tompos
contains many nutrients and growth regulator substances that can increase plant growth.
According to Sathianarayanan and Khan (2008) on kascing there are growth stimulants such
as giberlin, cytokinin, ausin and nutrients N, P, K, Mg, Ca and azotobpdiacteria which
are nonsymbolic Nblocking bacteria which will help enrich N needed by plants. Kascing
also contains various micro nutrients needed by plants such as Fe, Mn, Zn, Bo and Mo
(Munroe, 2003).

G. ldentification of Potential Endophytic Bacternal Isolates based on Marka 16S rRNA

At this time is being prepared DNA isolation 10 isolate dai 24 collections of bacterial
isolates endofit mangrove. DNA isolation was performed using the ExgeneTM Cell SV
DNA isolation kit, following the Gram positive beerial isolation protocol in the GeneAll
ExgeneTM Protocol Handbook. The steps of bacterial DNA isolation in the Kit use
lysozyme as the bacterial cell wall cellular reagent reagent. The bacterial cell that has been
grown for 24 hours (estimated densi§9lcells per mL) was inserted into a 1.5 mL micro
tube and centrifuged at 10 000 rpm for 1 minute, then the supernatant was set aside.
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The pellets obtained were then resuspevdedt h 180 €L | ysozyme s
/ mL) and incubated at 37 A C for 30 minute
/ mL) and 200 €L BL Buffer were added and s
solution. The micro tube containing th@xture was then incubated for 30 minutes at a
temperature of 56 ° C. Then the micro tube containing the solution was incubated for 30
minutes at 700C. After incubation period, the micro tube was centrifuged at 100 rpm for 10
seconds to reduce the solutio at t ached to the tube cap, the
ethanol absolute and centrifuged at 500 rpm for 1 minute to mix the reagents. The micro tube
solution was then transferred to an SV column tube and centrifuged at 9000 rpi2 for 1
minutes,ths uper nat ant was discarded. BW buffer
and turned back at 9000 rpm for 1 min, the supernatant was discarded. After that the TW
Buf fer was added as much as 700 €L and cent
eachfor 1 min, the supernatant was discarded. Subsequently SV coloum containing the DNA
solution was transferred to a collection 1t
the AE buffer and centrifuged back at 13,000 rpm for 1 min. The DNA will bectedlen
the collection tube (at the bottom) and ready for use for further testing. For the storage of

DNA is done in the freezeROoC temperature.

Furthermore, the result of DNA isolation will be measured with Nanodrop 2000TM
spectrophotometer to find threght DNA concentration as template in Polymerase Chain
Reaction (PCR) process. 2 gr of Agarose is dissolved in TBE buffer 0.5x and formed in
comb mold. The isolated DNA was electrophoresed in a 0.5x TBE buffer solution on a 42
mA electrostatic electropimg machine and a voltage of 80 Volts for 42 minutes. DNA
visualization was performed using Geldoc E.
(Table 7).

Table 7 List of selected mangrove endophytic bacterial isolates to be identified using

biomolewlar techniques
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DNA analysis of 10 samples of endophytic mangrove bacteria showed varying DNA

Character of Physiology

Isolate
Number ~ISOlat®  \n Kitinoliti o2 LeN proteolitik
Code Test AATESt | Test P.|9 sfat g Test
est

1 BA2T22 - ot i - i nn

2 BA2T5-7 + ++ - + - 4+

3 BRIK54 - ¥ et ¥ . ¥

4 KAK5-21 - + + - - -

S KANS-1 - + ++ - - ++

6 KANS5-19 - + +++ - - -

7 YA1K5-7 + + ++ - ++

8 YA2K2-5 ++++ + ++ - ++

9 YR1T2-9 - +++ - - - ++

10  YR2K2-3 - - i : t+t

concentrations, ramgg from95.22 47 . 1 ng [ ¢l (Tabl e 8).

The

DNA, the better used as a template. The highest concentration of DNA isolation was

obtained by isolate number 7 namely YA1KS5 (isolate C in sub formulation chapter), while

isolate of BRK54 and YR1T29 had medium concentration value compared to other

isolates. DNA consetration generally affects DNA amplification results. However, the PCR

technique has a strong ability to double the double threads of DNA so that even templates in

small comentrations of DNA but can produce a thick amplification product when

electrophoresis is performed.

Table 8 DNA concentration of 10 mangrove endophytic bacterial isolates analyzed using

Nanodrop.

Sé‘;"dpe'e Cons  Unit 260/280 260/230 Sample Type Factor
1 168.7 ngiul  1.97  2.08 DNA 50
2 1284 nglul 191  1.38 DNA 50
3 1519 ngiul 191  1.36 DNA 50

35



4 171.4 ng/yl  1.97  2.07 DNA 50
5 231.3 ngiyl  1.91  2.08 DNA 50
6 107.3  ng/il 143  0.45 DNA 50
7 247.1 ngiyl  1.92  2.09 DNA 50
8 1145 ngil  1.21  0.33 DNA 50
9 951 ngiyl 1.5 0.49 DNA 50
10 711 ngil 144 042 DNA 50

Furthermore, 10 isolates of endophytic mangrove bacteria were electrophoresed in TBE 0.5x
buffer solution at 42 mA electroplating electrification machine and 80 Volt for 42 minutes.
The eletrophoresis results of 10 endophytic bacterial isolates were visualized using GelDoc
(Figure 14).

M 1 2 3 4 5 6 7 E 9 10

Figure 14 DNA Profiles 10 mangrove endophytic bacterial isolates (M: Marker 1 kb DNA;
1: BA2T2-2; 2: BA2T57; 3: BR1K54; 4: KAK5-21; 5: KAN51, 6: KANS -
19, 7: YES1K57; 8: YA2K2-5; 9: YR1T29; 10: YR2K23).

The gel electrophoresis separates the macromolecule from its rate of displacement
through a gel under the influence of the electric field. The gel electrophoresis separates a
mixture of DNA moleculs into bands, each consisting of a DNA molecule of the same
length (Campbelét al. 2002). DNA molecules migrate toward the positive pole based on
the charge contained therein (Magdeldin 2012). Negatively charged molecules (anions) will
move toward the pdtsve pole (cathode), whereas the positively charged molecules (cations)

will move toward the negative (cathode) pole (Klug & Cummings 1994).

DNA molecules migrate through the tiny pores formed in agarose gel solids. In
general, smaller molecules move &sténd migrate farther away from small molecules
because they have lower friction as they move toward the positive electrode. Low
concentrations of agarose gel provide better resolution for large fragments, by providing a

greater separation between banbat r gel




concentrations, on the other hand, can reduce the speed of long fragment migration while
facilitating better separation of small DNA fragments (Lee & Bahaman 2010).

M 1 2 3 4 5 6 7 8 9 10 Kt

Figure 15 DNA Profiles 10 mangraeendophytic bacterial isolates after PCR 16sRNA (M:
Marker 1 kb ladder DNA; 1: BA2T2; 2: BA2T57; 3: BR1K54; 4: KAK5-21;
5: KAN5-1, 6: KAN519, 7: YALKS57; 8: YA2K2-5; 9: YR1T29; 10: YR2K2
3).

The total DNA genome of 10 isolates was then propagatseeddoon the 16S rRNA
gene marker, a highly conserved DNA part in the cell that encodes a small protein ribosome
subunit protein (small subunit ribosome) (Stiegieal. 1981). Primer used to amplify 16S
rRNA gene Primary forward with-BGAGTTTGATCCTGGCTCAG-3 base sequence and
reverse Primer in'&TTTACCTTGTTACGACTT-3 base sequence (Surajit et al 2014). The
result of PCR is the form of amplicon measuring = 1500 bp (Figure 15).

In this study marker used is DNA lambda marker. The marker is a specific segment
of DNA that has been known in size. Marker serves as a reference to determine the size of
the DNA of the ampification. The DNA marker contained in the electrophoresis chamber
serves as a marker of the base pair position of the migrating DNA moleculex@nple
of DNA marker is 1 kb ladder. The marker has eight DNA fragments in the range of 100 pb
to 10,000 pb (Martin, 1996).

Identification of Endophytic Bacteria by Molecular Technique

Molecular identification of 10 mangrove enophytic bacteria DNAs shotheat
isolate 1 mangrove endophytic isolate 1 bacteria from Banyuwangi area were identified as

Bacterium NLAEzI|-H29 bacterial isolates. The isolate codes 2 from Banyuwangi area were
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identified as isolates of Providencia rettgeri strain Y11W. The isolate & from
Banyuwangi area was identified as providencia vermicola strain TL1. The isolate code 4
from the Indramayu region was identified as the enterococcus faecialis F4S2 strain. Then
isolate bacteria endofit mangrove isolate code 5 origin Indramayidaredied as Bacillus
amyloliquefaciens bacteria. The isolate code 6 from Yogyakarta was identified as Bacillus
cereus strain JM®1. The isolate code 7 from Yogyakarta was identified as Bacillus
velezensis train SCGB1. The isolate code 8 originating frmgyakarta was identified as
Bacillus cereus strain MER_132. The isolate code 9 from the Yogyakarta region was
identified as Bacillus thuringiensis strain M@Sand the isolate code 10 from Yogyakarta
region identified as isolates of Bacillus thuringienstrain Tpt=504. The blast results with

the help of NCBI online software (Table 9 and Figure36Y are as follows:

Table 9. Results of molecular identification of 10 isolates of mangrove endophytic bacteria

Sample Code Isolate Code Identification Result
1 BA2T2-2 Bacterium NLAEzI-H299
2 BA2T5-7 Providencia rettgeri
3 BR1K54 Providencia vermicola
4 KAK5-21 Enterococcus faecalis
5 KAN5-1 Bacillus amyloliquefaciens
6 KAN5-19 Bacillus cereus
7 YA1K5-7 Bacillus velezensis
8 YA2K2-5 Bacillus ceres
9 YR1T2-9 Bacillus thuringiensis
10 YR2K2-3 Bacillus thuringiensis

Providencia rettgeris a Gramnegative bacteria commonly found in water and
land environment. In this research, mangrove ecosystem is a waters ecosystem so that is the
right habitatof finding P. rettgeri This species is found in the aquatic environment also
found as endophytic bacteria. In addition to mangroves, chili has been reported to be a habitat
for endophytic bacteria Providencia rettgeri which has antagonistic abilitysahgaweral
pathogens such &hytium, Fusarium, Colletotrichum and Sclerotibynproducing cell wall

and siderofor cell (cellular degradation) enzymes (Amaresan 2013).
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Providencia vermicolas a Gram negative endophytic bacteria found in a variety ofglant

In this studyP. vermicolafound in mangrove plants. In addition to mangrove plants this
bacterium is commonly found in pepper plants (Aashal2004). the results of the molecular
identification based on 16 rRNA showed that P. vermicola acts astaypdavith promoting
rhizosphere (PGPR). Application of endophytic bacteria is able to increase the number of
roots and plant height and biomass of tomato plants @igah2004).

P. vermicolabacteria have roedhaped cells. Includes Gramegative group. Glonies are

circular, with a diameter of-2 mm, luster, slimy, convex and opaque with a brown center

and hyaline fringe. These bacteria produce brown pigments, which color the medium around
the colony. These bacteria have an intense, distinctive odatageshéy growth on nutrient

agar and trypticase soy agar. in the biochemical test this bacteria is negatively charged to
oxidase testing, positive catalase. These bacteria are capable of producing urease and nitrate

reduction capable of fermentingducos (Somvanshi et al 2006).

Enterococcus faecaliss one of the lactic acigroducing bacteria other than the
Lactobacillus, Weissella, Lactococcus and Pediocogomsps. Most of the bacterial groups
produce exopolysaccharide testing of datigal activityindicating that the Enterococcus

and Weissella groups were able to suppress the growth of plant pathogens Botrytis cinerea,
Penicillium expansumyerticillium dahliae and Aspergillus nigédhaet al. 2005). In turn

the production of bacteriocins composrmutoduced by the bacteria of acids in the control of

the pathogen that survives in food (Michael E. Stiles 1994).

Bacillus amyloliquefaciens a biological controlling agent of rhizoctonia solani fungi and
other fungal pathogens. Antifungal compoundhging toB. amyloquefacienbacteria

include Asn, GlIn, Ser, Pro, and Tyr which are the three isomers of iturin At@&L2002).

Bacillus cereuds a bacterium that acts as a biocontrol pathogen causing plant diseases.
Application of B. cereus has beashown to suppress alfalfa plant seed loss rate even
significantly increase seedling germination rate and become biological controlling agent
Phytophthoramegasperma f. sp. Medicaginis pathogen causing damping off on the alfalfa
plant (Handlesman 1990).

B. velezensishows a high degree of antagonisnfrtsarium oxysporum f. sp. fragariae
vitro. Isolates were identified as B. velezensis BS87 and RK1 capable of controlling
Fusariumwilt on strawberries (Narat al.2009)

39



Bacillus thuringiensiss a microbehat can be used to produce chitinase in shrimp waste by
fermentation method. This chitinase enzyme is concentrated with ultrafiltration and adjusted
to pH 5.8. Antinadine chitinase activity in pathogenic fungi was studied in growing cultures
and on scleriium rolfsii affected soybean seeds. Inhibition of fungi was found 100% for S.
rolfsii; 55% to 82% for Aterreus, A. flavus, Nigrospora sp, Rhizopus sp, A. niger, Fusarium
sp, A. candidus, Absidia sp, and Helminthosporiund5p6 for Curvularia sp; and ¥for

A. fumigatus Based on these results it is known tBatthuringiensiswith a defense
mechanism in the form of chitinase production has the potential as a biological controller of
the S. rolfsii fungi. (Ramireet al.2004).

The kinship analysis ofelected endophytic bacterial species successfully classified 10
endophytic bacterial isolates into 3 groups. The first group is a group of bacteria from the
genus Bacillus, among otherBacillus cereus, Bacillus thuringirensis, and Bacillus
amyloquefacies. The Second Group is a group of tAeovidenciagenus, among others
Providencia rettgeri and P. vermicola. The last group consistBdwalezensis, Bacterium
NLAE and Enterococcus faeca(lsig. 16).

A 8_Bacillus cereus strain MER_132_KT718709.1

{ A 9_Bacillus thuringiensis strain MSS-2_KM280648.1
A 10 Bacilles thuringiensis strain Tpt-F504_MF197874.1
A §_Bacillus cereus strain JMG-01_KP984767.1
A 5_Badillus amyloliquefaciens strain CGPY3_gilB6751 1966{KRT0BSA1. 1
A 2_Providencia retigeri strain ¥11W_gil1225082278MF370896.1
L & 3 Providenciavermicola strain TL1_gij1073084142/KX304623.1

A 7_Bacillus velezensis strain SCGB 1_gi|1243391315|CP023320.1

{ A 1_BacteriumMLAE-zI-H298 _gi| 3928718531 008515.1
A 4 Enterococcus faecalis strain F4S2_gil1134377827|KY486245.1

Figure 16. Tree kinship 10 isolates of endghbacteria from Mangrove plant origin.
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Job title: 6 sequences (1_16sRNA__Assembly_consensus_sequence...
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Molecule type nucleic acid Program BLASTN 2.7.1+

Query Length 1441

®Graphic Summary

Distribution of the top 112 Blast Hits on 100 subject sequences

Color key for alignment scores
W <40 Il 40-50 [ 50-80 B 80-200 B >=200

1 250 500 750 1000 1250

hitps:/blast ncbi.nim.nih.gov/Blast.cgi

114

Figure 17. Blast results on online software NCBI sample with code isolate BA2T2
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Figure 18 Results of identification on NCBI online software sample with code isolate
BA2T2-2.
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