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and other related industries in Indonesia.

ABSTRACT

Indonesia is one of the megadiversity countries in the world endowed with rich and unique biodiversity of
microorganisms, including plant growth promoting rhizobacteria (PGPR). PGPR is considered as more
sustainable, economical, and environmentally friendly alternatives to chemical fertilizers in various industries
including pine plantation industries. This research aims to explore the biodiversity of PGPR in the rhizosphere
of Pinus sp and Casuarina sp at Raden Soerjo Forest Park, East Java, Indonesia. Researchers successfully
isolated a number of morphologically distinct microbial colonies; nitrogen fixing-, phosphate solubilizing,
cellulose degrading-, and plant hormone producing- bacteria from the rhizosphere of Pinus sp and cellulose
degrading, and plant hormone producing- bacteria from the rhizosphere of Casuarina sp. This research is
one of the initial efforts to utilize native PGPR from Indonesia to increase the yield of farming, plantation,
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Introduction

Rhizosphere known as a region around plant’s root.
There has diverse number of microorganisms which
living in for instance plant growth-promoting
rhizobacteria (PGPR). Plant growth-promoting
rhizobacteria (PGPR) stimulate the growth of their
host plants. On the basis of their relationship with
the plants, PGPR have been divided into two major
groups: symbiotic and free-living (Khan, 2005;
Hayat et al. 2010). PGPR have three main features:
(i) root colonization ability, (ii) high survivability

and multiplicity in root surroundings helping in
plant growth promotion, and (iii) inhibition of phy-
topathogens (Lugtenberg et al., 2001; Gamalero et al.,
2004). Different plants and environment having spe-
cific dominant PGPR species. Root microorganisms
of plants depend on various environmental (biotic
and abiotic) factors such as root type, plant species,
plant age, soil type (Campbell, 1985) and type of
plant species (genotypes) (Lareen et al., 2016).
PGPR is considered as more sustainable, eco-
nomical and environmentally friendly alternatives
to chemical fertilizers, beneficial for lower produc-
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tion cost as well as recognize the best soil and crop
management practices to achieve more sustainable
agriculture as well as fertility of soil (Maheshwari et
al., 2012). PGPR as biofertilizer has been proven as a
safe and efficient method of increasing crop yields
(Premachandra et al., 2016; Vejan et al., 2016). In re-
cent years considerable attention has been paid to
PGPR to replace agrochemicals (fertilizers and pes-
ticides) for the plant growth promotion by a variety
of mechanisms that involve soil structure formation,
decomposition of organic matter, recycling of essen-
tial elements, solubilization of mineral nutrients,
producing numerous plant growth regulators, de-
grading organic pollutants, stimulation of root
growth, crucial for soil fertility, biocontrol of soil
and seed borne plant pathogens and in promoting
changes in vegetation (Sivasakhti et al., 2014). Re-
cently from last few decades numerous bacterial
genera such as Azotobacter, Bacillus, Klebsiella,
Enterobacter, Arthrobacter, Burkholderia, Pseudomonas,
Serratia, etc. had been used as biofertilizers as re-
ported by various authors and called these isolates
as PGPR. (Kloepper et al., 2004; Saharan and Nehra,
2011; Kumar et al., 2014, 2015a, 2016a,b, 2017a,b;
Singh et al., 2017a).

Materials and Methods

Sampling site and methods

Sampling was doing by indirect method which
mean sample was taken based on the course of the
research and the situation at the site. Soil samples
were collected from five sampling points at each
vegetation in rhizosphere of Pinus sp and Casuarina
sp. Temperature, soil humidity, pH of soil, light in-
tensity, and coordinate were measured before col-
lecting the sample using silinder crop. Samples
were then stored in a sterile container for a day un-
til next treatment at the laboratory.

Isolation of bacteria

Soil samples were take from five points in every
sampling site was mixed and homogenized. Five g
of soil sample was diluted in 45 mL of sterile NaCl
0.85% in 100 mL conical flask and kept in shaker to
get a homogenized soil suspention (Geraldi et al.,
2019). Serial dilution which isolate was 108, 10, and
10°'°. For every soil sample were spread onto TSA
(Tryptic Soy Agar) for a plant hormone producing
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bacteria such as IAA (A’ini, 2013), CMC (Carboxy
Methil Cellulose) for the cellulose degrading bacte-
ria which has a cellulolytic activity (Geraldi et al.,
2019), NFA (Nitrogen Fixation Agar) for nitrogen
fixing bacteria and Pikovskaya for phosphate solu-
bilizing bacteria (Maristha et al, 2013). And then in-
cubated at 30 °C (Geraldi et al., 2019) for 216 hours.

Identification of bacteria

Identification of bacteria was by macroscopic and
microscopic characterized. Size, shape, color, consis-
tency, margin and elevation were the macroscopis
characterized. The microscopic characterized was
Gram staining, it was able to know the type Gram of
the bacteria. First took the colonies and pinned on
the object glass. Secondly, drop a few of cristal vio-
let as a primary color for a minute then washed us-
ing aquades. Flushing lugol as mordant for a
minute and washed using aquades. Then, give alco-
hol as the decolorisator for 30 seconds. Last, use sa-
franin as a competitor color for 30 seconds and
wash using aquades.

Screening of Cellulolytic Activity of bacteria “P”

Single colony of the bacteria “P” was streak onto
CMC agar plate and incubated at 30 °C for 48 hours.
After incubation, the CMC agar was overflown with
Congo Red solution (1% w/v) for 30 minutes. Then,
congo red was discarded and the plates were futher
treated by flooding with 1 M NaCl for 30 minutes.
Cellulolytic activity confirmed by clear zone sur-
rounding colonies (Geraldi et al., 2019).

Screening of biosurfactants production of
bacteria”P”:

The ability of bacteria “P” to produce biosurfactants
was screened using hemolytic activity assay
(Ibrahim, 2018). In this assay, bacteria “P” was
streak onto NA (Nutrien Agar) that was supple-
mented with 5% sheep blood and then incubated at
40 °C for 48 hours. The formation of hemolysis re-
sult and clear zone color indicated hemolytic type
(Geraldi et al, 2019).

Sreening of Lypase production of bacteria “P”

The ability of bacteria “P” to produce lypase was
screened using rhodamine medium, lypase produc-
tion confirmed by orange fluorescent under ultra-
violet.
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Results and Discussion

Research about Plant Growth Promoting
Rhizobacteria at Raden Soerjo Forest Park done in
rhizhosphere of Pinus sp in coordinate 07°44'21,7" S
Latitude 112°32°00,6" E Longitude at 5380 mdpl and
rhizosphere of Casuarina sp in coordinate 0744'26,0"
S Latitude 112°32°05,9" E Longitude at 5327 mdpl in
summer season. Each rhizosphere has it is group of
plant growth promoting rhizobacteria such as phos-
phate solubilizing-, nitrogen fixing-, cellulose de-
grading-, and plant hormone producing. Isolation
started by doing in a selective medium and identi-
fication. The result of isolation in a selective me-
dium showing a different morphological microbial
colonies such as form, pigmentation, elevation, con-
sistency, size, and margin. Microscopic identifica-

Table 1. Environmental parameters of rhizosphere of
Casuarina sp and Pinus sp at Raden Soerjo Forest

Park
Rhizosphere Casuarina sp Pinus sp
Humidity 80°RH 90.5°RH
Soil Moisture 52.92% 45.31%
pH of Soil 6.4 6.3
Light Intensity >3000 Cd >3000 Cd
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tion showing form and Gram staining of the colo-
nies.

The data show that most of the colonies form
were circular and has small size while the pigmen-
tation were yellowish white transparently with the
flat margin. Gram staining of the colonies show the
positive Gram were dominant and the microscopic
form were coccus.

We also did doing cellulase, lypase, and hemoly-
sis screening for cellulose degrading bacteria. The
result of the screening show that code of “P” bacte-
ria has a activity for hydrolysis cellulase which con-
firmed by halozone around colonies, lipase activity
positive confirmed by orange fluorescent showing
by colonies under ultraviolet, and biosurfactant
which confirmed by clear zone surrounding colo-
nies.

a. b.
Fig. 1. Morphological macroscopic colonies at (a.)
Pikovskaya medium and (b.) TSA medium isolate
at 37°C

Table 2. Macroscopic Characteristic of Plant Growth Promoting Rhizobacteria from Rhizosphere of Pinus sp and

Casuarina sp

No. Code of Size Pigmentation Form Margin Elevation Consistency
bacteria
1. a Large Yellowish white Irregular Undulate Flat Transparent
2. b Large Yellowish white Irregular Rhizoid Flat Transparent
3. c Small Yellowish white Circular Entire Umbonate Opaque
4. d Small Yellowish white Circular Serrate Flat Transparent
5. e Large Yellowish white Irregular Lobate Flat Opaque
6. f Pinpoint White Circular Irregular Flat Transparent
7. g Small White Circular Irregular Flat Transparent
No. Code of Size Pigmentation Form Margin Elevation Consistency
Bacteria
8. h Moderate Yellowish white Irregular Rhizoid Flat Transparent
9. i Small Yellowish white Circular Entire Flat Opaque
10. j Small White Irregular Serrate Flat Transparent
11. k Small Yellowish white Circular Entire Flat transparent
12. 1 Small Yellowish white Irregular Irregular Flat Transparent
13. m Small Yellowish white Circular Lobate Flat Transparent
14. n Small Yellowish white Circular Undulate Flat Transparent
15. 0 Small Yellowish white Circular Entire Raised Opaque
16. P Small White Circular Entire Flat Transparent
17. q Small Yellow Circular Entire Flat Opaque
18. r Small White Circular Filamen Flat Opaque
19. s Small Yellow Irregular Serrate Raised Opaque
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Table 3. Microscopic Characteristic and Gram Staining of Plant Growth Promoting Rhizobacteria from Pinus sp and

Casuarina sp

No. Rhizhosphere Selective Medium

Code of Bacteria

Gram Staining Microscopic Form

Casuarina cp TSA
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Fig. 2. Morphological microscopic colonies of (a.) “m”
Gram positive coccus and (b.) “J” Gram negative
streptobacil.
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a. b. c.
Fig. 3. Cellulose activity of (a.) “p” in CMC medium
overflow by congo red confirmed by halozone
surrounding colonies and (b.) hemolysis activity

"

of “p” confirmed by clear zone around colonies,

“u_

while (c.) colonies “p” in a medium rhodamine
confirmed by orange fluorescent under ultravio-
let.

Conclusion

Biodiversity of plant growth promoting
rhizobacteria from rhizosphere of Pinus sp contain
bacteria of phosphate solubilizing-, nitrogen fixing

-, cellulose degrading-, and plant hormone produc-
ing-, while from rhizosphere of Casuarina sp contain
bacteria of cellulose degrading-, and plant hormone
producing-. Based on the result of this research, re-
search about biodiversity of plant growth promot-
ing rhizobacteria from rhizosphere of Pinus sp and
Casuarina sp well-earned to know the species of the
bacteria. Application of plant growth promoting
rhizobacteria in Indonesia will give an efforts to in-
crease the yield of farming, plantation, and other
related industries. The utilization of Plant Growth
Promoting Rhizobacteria from this research will
give a benefit for our society through more re-
searches. The result of these research also give refer-
ence for other researches related to plant growth
promoting rhizobacteria
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