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Molecular Characterisation of Diazotrophic and Plant Growth Promoting Rhizobacteria (PGPR) for
Sago Palm (Metroxylon Sagu, Rottb.)

Nurul Aainaa Shafiqah Binti El-Arish

Resource-Biotechnology
Faculty of Resource Science and Technology
Universiti Malaysia Sarawak (UNIMAS)

Abstract

Sago palm (Metroxylon sagu, Rottb.) is one of the crops widely planted in Sarawak. The production of sago
relies on the use of chemical fertilizers which contributes major concern on hazards to human health and
environment. Advanced research today shows that plant growth promoting rhizobacteria (PGPR) has been
characterized as diazotrophic species that shows a significant role in the sustainable agriculture
development. It lives in roots of the certain plants and their surrounding soil to enhance the plant growth.
Today, excessive use of chemical fertilizers slowly reduced the production of certain plant species and
making PGPR as another factor to enhance the plant growth. In this study, the PGPR was isolated from
roots of sago palm (Metroxylon sagu, Rottb.) and surrounding soil growing in Kampung Raeh, Serian,
Sarawak. All the PGPR bacterial isolates were further screened for their PGPR traits such as nitrogen fixing
activity, production of indole-3-acetic acid (IAA) and solubilization of phosphate. A total of 13
thizobacteria was isolated and underwent in vitro screening test. Results showed 11 nitrogen fixing bacteria
were isolated using Burk’s nitrogen free medium and the ability to solubilize the phosphate was seen among
eight isolates only using Pikovskaya agar. All isolates produced IAA in the presence of L-Tryptophan
showed maximum production of 26.071 pg/ml and the minimum was 0.750 pg/ml. In this study, the highest
five isolates preferred Tryptophan for productions of IAA were selected for identification. The dendogram
displayed relationship among the identified isolates. Molecular characterization was carried out for
identification by 16S rRNA gene sequencing using universal primers of 27F and 519R respectively. The
species identified was closely related to genus Marinobacter sp. (G), Roseomonas sp. (1), Enterobacter
cloacae gene (J), Uncultured gammaproteobacterium clone (L) and Bacillus aryabhattai strain (M) and all
showed major potential as plant growth promoting rhizobacteria for sago palm.

Key words: Metroxylon sagu, PGPR, IAA, 16S rRNA

Abstrak

Sago sawit (Metroxylon sagu, Rotth.) merupakan salah satu tanaman yang ditanam secara meluas di
Sarawak. Penghasilan sago bergantung kepada penggunaan baja kimia di mana ia menyumbang
kebimbangan utama terhadap bahaya kepada kesihatan manusia dan alam sekitar. Penyelidikan pada hari
ini menunjukkan bahawa rhizobacteria yang menggalakkan pertumbuhan pokok (PGPR) telah dicirikan
sebagai spesies diazotrophic yang menunjukkan peranan penting dalam pembangunan pertanian yang
mampan. la hidup dalam akar tumbuhan tertentu dan tanah sekitarnya untuk meningkatkan pertumbuhan
tumbuhan. Hari ini, penggunaan baja kimia yang berlebihan telah perlahan-lahan mengurangkan
pengeluaran spesies tumbuhan tertentu dan membuat PGPR sebagai faktor lain untuk meningkatkan
pertumbuhan tanaman. Dalam kajian ini, PGPR telah diambil dari akar sagu sawit (Metroxylon sagu,
Rottb.) dan tanah di sekitar Kampung Raeh, Serian, Sarawak. Semua PGPR isolat bakteria telah diperiksa
lebih lanjut untuk sifat PGPR mereka seperti aktiviti pemulihan nitrogen, pengeluaran asid indole-3-asetik
(I4A4) dan solubilisasi fosfat. Sebanyak 13 rhizobacteria telah diperoleh dan menjalani wjian in vitro.
Keputusan menunjukkan 11 bakteria pemulih nitrogen telah diperoleh menggunakan medium bebas nitrogen
Burk dan kemampuan untuk solubilisasi fosfat hanya didapati sebanyak lapan isolat menggunakan agar
Pikovskaya. Semua isolat yang menghasilkan [AA dengan kehadiran L-Tryptophan menunjukkan
pengeluaran maksimum 26.071 pg/ml dan minimum ialah 0.750 ug/ml. Dalam kajian ini, lima isolat tertinggi
yang memilih Tryptophan untuk pengeluaran IAA telah dipilih untuk pengenalpastian. Dendogram
menunjukkan hubungan di antara isolat yang telah dikenalpasti. Pencirian molekul telah dijalankan untuk
pengenalpastian oleh urutan gen 16S rRNA menggunakan primer universal 27F dan 519R. Spesies yang
telah dikenalpasti berkait rapat dengan genus Marinobacter sp. (G), Roseomonas sp. (I), Enterobacter
cloacae gene (J), Uncultured gammaproteobacterium clone (L) dan Bacillus aryabhattai strain (M) dan
semua spesies menunjukkan potensi utama sebagai rhizobacteria yang menggalakkan pertumbuhan sago.

Kata kunci: Metroxylon sagu, PGPR, IAA, 16S rRNA
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1.0 Introduction

Sago palm (Metroxylon sagu, Rottb.) is one of the oldest food plgnts that mainly grown in
the area of developing world and some commercial production of the genus can be found
in Singapore, Malaysia and Indonesia. In Sarawak, Malaysia, sago palm is the crop that
mainly grown on peat soils and requires three main nutrients which are nitrogen (N),
phosphorus (P) and potassium (K). Recently, the sago palm productivity is not increasing
at the pace required to keep up with the demand due to the decreasing soil fertility because
of excessive use of chemical fertilizers. Though chemical fertilizers are believed to
increase crop production but their overuse not just decreased soil fertility but also has
hardened the soil, strengthened pesticide and polluted air and water. However, several
studies showed that several species of rhizobacteria live in rhizosphere of the plants could

help reduce the extensive use of chemical fertilizers today.

According to Beneduzi et al. (2012), the diazotrophic and plant growth promoting
rhizobacteria (PGPR) is living in the sago palms root system and promote plant
performance really well. Some of the ability of PGPR to affect plant growth involves
nitrogen-fixing activity, phosphate solubilization activity and indole-3-acetic acid (IAA)
production. (Bashan & Holguin, 1997). PGPR also helps to regulate hormonal and
nutritional balance, inducing resistance against plant pathogens, and solubilizing nutrients
for easy uptake by the plant (Vejan et al., 2016). As stated by Bhattacharyya and Jha
(2012), the genera to be PGPR include Pseudomonas, Azospirillum, Azotobacter,

Klebsiella, Enterobacter, Alcaligenes, Arthrobacter, Burkholderia, Bacillus and Serratia.

Based on previous study obtained by Hosam et al. (2013), in research of “PGPR Strains
Selection To Improve Plant Productivity and Soil Quality”, their results showed that

inoculation of soil with strains of PGPR such as Pseudomonas fluorescens, Bacillus



subtilis, Saccharomyces cerevisiae and Trichoderma viridae enhanced sunflower growth
more than those achieved by full chemical fertilization without inoculation, from these
study it’s highlighting the potential of PGPR for formulatingj' new bio-inoculants for
sunflower yields. Therefore, the diazdtrophic and plant growth promoting rhizobacteria
(PGPR) is needed in plant uptake and absorbs nutrients at optimal concentration instead of
the excessive use of chemical fertilizers by farmers to increase the production of crop

yields especially in sago palm (Metroxylon sagu, Rottb.) cultivation.

Molecular characterization is one of the methods to extract high genomic deoxyribonucleic
acid (DNA) and identification and detection of products can be done using analysis by
Polymerase Chain Reaction (PCR)-based technique. The (GTG)s PCR is used to
differentiate the banding proﬁleé among isolates and the species will be identifed using
16S rRNA gene sequencing. According to Rocco (2014), this reliable method involves the

amplification of random segments of genomic DNA using anonymous genomes. It also has
the potential to detect a wide range of DNA damage and mutations (Atienzar, 2006).

Therefore, this molecular technique is suitable for the identification and characterization of

bacterial isolates for PGPR traits.

The objectives of this study are:

e to isolate diazotrophic and plant growth promoting rhizobacteria (PGPR)
from M. sagu roots and their surrounding soil

e to characterize PGPR using biochemical and molecular identification



2.0 Literature Review
2.1 Sago palm (Metroxylon sagu, Rottb.)

Sago palm (Metroxylon sagu, Rottb.) is-an Arecaceae with high yielding of carbohydrate-
producing crops (Sumaryono, 2009). As stated by Bujang (2008), M. sagu has been
reported to be the highest starch producer at 25 tons per hectare per year in Malaysia. The
scientific name is derived from metra, meaning pith or parenchyma, and xylon, meaning
xylem. It was known as a true sago palm without leaf sheaths that have a trunk in the size
of 30-60 cm diameters and a height of 6-16 m. It becomes an important source of industrial
where it was grown commercially for starch and conversion to animal food or fuel in
Malaysia, Indonesia, Philippines ‘and Papua New Guinea (McClatchey et al., 2006). There
are four growing stages for M. sagu which are rosette stage, bole formation‘ stage,
inflorescence stage and fruit ripening stage (Flach, 1997). In addition, commercial value
for sago palm in Malaysia especially involved the sago flour production. It is widely used
for making keropok, sago dumplings in egg gravy, savory sago pancakes and tabaloi
biscuits. Sago flour is also used in jellies and puddings (Takahashi, 1986; Bujang &
Ahmad, 2000). Apart from that, sago palm is used naturally as house landscaping and

coastal protection due to its flexibility growing on a wide variety of soils.

2.2 Chemical fertilizers

Chemical fertilizer is inorganic fertilizer used to raise the level of nutrients found in soil.
The essential nutrients such as nitrogen, phosphorus, and potassium are manufactured
synthetically from inorganic material and applied to soil in the form of chemical fertilizers
(Asiegbu, 2006). Although it improves the growth of plants and increases the yields of
fruits and vegetables in a relatively short period of time, there are certain disadvantages of
using chemical fertilizers as opposed to organic fertilizers derived from natural sources.

3



The disadvantages of using chemical fertilizers include groundwater pollution, soil
friability effect, and destruction of microorganism that mostly affecting soil pH. Factors
that contribute soil pollution include industrial emissions and v;/idely used of chemical
fertilizers by farmers causing contamination of soil until toxic is form and lead to

deterioration balance of current element in the soil (Savci, 2012).
2.3 Diazotrophic and Plant Growth Promoting Rhizobacteria (PGPR)
2.3.1 Nitrogen fixation

Nitrogen fixation is a process converting inert nitrogen into biologically useful ammonia in
order to promote plant growth and yield. It is carried out by an enzyme called nitrogenase
and mediated by several species of nitrogen fixing rhizobacteria such as Azotobacter,
Bacillus and Enterobacter. The bacteria that capable of fix nitrogen in the rhizosphere of
several plants also known as diazotrophic species which lives in root nodules of several
plants and legumes. Within these nodules, nitrogen fixing activity is done by the bacteria
and the ammonia released is absorbed by the plant itself. In return for fixed nitrogen, the
plant typically provides its bacterial symbiont with a carbon source and other crucial
nutrients, depending on the intimacy of the symbiosis. When the plant dies, the fixed
nitrogen is release, making it available to other plants and also helps to fertilize the soil.
Recently, Naqqash et al. (2016) observed that inoculation of several bacteria, namely,
Azospirilum shows the highest increase in fresh and dry weight of potato over control
plants. Nitrogen is used by living organisms to produce a number of complex organic
molecules like amino acids, protein, and nucleic acids. Hence, it is crucial for the plants

and legumes inhabiting the diazotrophic species to increase their crop productions.



2.3.2 Phosphate solubilization

Phosphate is readily available nutrient that important to plant. It is require in minimum
amount. Rapid fixation usually occurs in‘soils particles making this element less available
to plant roots. Therefore, extensive use of expensive inorganic phosphatic fertilizers being
applied resulting in high salt accumulation in soil and reduce the agricultural profitability.
The reported study has been carried out by releasing locked phosphorus with the help of
rhizobacteria. This rhizobacterium is known as phosphate solubilizing microorganism.
Phosphate solubilizing bacteria enhance the process of phosphate solubilization through
production and release of low molecular weight organic acids. Bacillus, Achromobacter,
Agrobacterium,  Burkholderia, ~ Erwinia,  Flavobacterium, Pseudomonas  and

Rhizobacterium are some well-known phosphate solubilizing bacteria which widely used

in agriculture (Kishore et al., 2015).

2.3.3 Production of indole-3-acetic acid (IAA)

Indole-3-acetic acid (IAA) is the common plant hormone of the auxin and has been studied
continuously by researchers. The colorimetric method has been employed for the detection
of indole-3-acetic acid (IAA) produced by the plants and microorganisms. IAA is also
believed to increase the germination rate, roots and shoots growth of a plant. In a research
made by Datta and Basu (2000) shows a Rhizobium sp. isolated from the root nodules of a
leguminous pulse-yielding shrub, Cajanus cajan, was found to produce high amounts of
indole acetic acid (IAA) when supplemented with L-tryptophan. The IAA produced is
99.7ug/ml. This proved that auxin production by all isolates increased when culture
medium was supplemented with a suitable precursor such as L-Tryptophan which helps to
enhance the IAA biosynthesis. The synthesis of IAA was known as Tryptophan-dependent

IAA biosynthesis pathway.






