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Abstract. Endophytic bacteria have the ability to colonize plant tissues and support plant growth
and development. Oil palm produces more oil per unit area than other plants. Dharmasraya is a
District in West Sumatera has a large palm oil plantation and needs good seeds to increase
productivity. The productivity of oil palms might be increased by means of superior seeds or
by utilizing environmentally friendly microorganisms that can help to increase the growth of
plants, such as endophytic bacteria. The purpose of this study was to obtain indigenous
endophytic bacteria, from oil palm root systems,that improve the growth of oil palm seedlings
(Elaeis guineensis Jacq) in the pre-nursery. Two isolates (A2.2.1 and D5.2.1) increased the
height of plants, total leaf area, fresh weight of seedlings and roots, and the dry weight of
seedlings and roots.

1. Introduction

Oil palm plantations are expected to contribute to the economy. According to [1] this plant produces the
highest oil per unit area compared to other types of plants with a potential yield of about 6-7 tons / ha /
year.Palm oil production in Dharmasraya always fluctuates every year. Oil palm plantation farmers in
this district still use a lot of windfalls for seeding oil palm crops, so the productivity is often low. To
increase productivity, the use of superior seed is highly recommended. A good seedling is determined
by the use of plant growth medium that can provide the nutrient needs of the plant. Limitations of soil
fertility can be improved by utilizing environmentally friendly microorganisms that can help stimulate
plant growth, such as endophytic bacteria.

Endophytic bacteria grow in plant tissue and can be found in the roots, leaves and stems of plants.
Plant growth will benefit from the presence of endophytic bacteria [2] Endophytic bacteria are also
known to have the ability to produce phytohormones, such as the hormone IAA [2], cytokines and
gibberellins, by regulating hormone levels in the plant [3,4]. Increased growth, such as increased
canopy and root weights, is caused by endophytic bacteria which can stimulate the formation of lateral
roots and the number of roots so as to expand the absorption of nutrients [5].

IAA (Indole-3-Acetic-Acid) is a growth hormone which plays an important role for the growth
and development of plants. Microbes which can produce IAA can increase growth and extension of the
roots so that the root surface becomes more extensive [6] and eventually the plant is able to absorb more
nutrients from the soil [7]. Increased growth of plants (plant height and biomass) has been reported for
many plants inoculated with endophytic bacteria which can produce IAA [4,8,9]. In addition to
endophytic bacteria producing IAA, endophytic bacteria are also capable of dissolving phosphate.

Phosphate disolving endophytic bacteria play a role in dissolving organic and inorganic
phosphate into soluble phosphate so that it can be used / absorbed by plant roots). Ref. [10] reported 4
isolates from rice plant roots (Oryza sativa) that can dissolve phosphate.
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According to [11] obtained 40 isolates of indigenous endophytic bacteria from the roots of palm
oil plants in Dharmasraya. Of the 40 isolates, 19 improved plant growth, produced 1AA and dissolved
phosphate. These 19 selected isolates were used in the present study.

2. Material and Methods
This study was conducted from March to October 2017 at the Microbiology and Experimental
Laboratory of the Faculty of Agriculture, Andalas University.

The materials used for planting are Tenera varieties of oil palm derived from PPKS Medan, soil
samples and healthy root samples in palm oil area, polybags 20 x 14 cm, flower plants at four (Mirabilis
jalapa) and sterile soil. Soil was sterilised at 100°C. A completely randomized design with 20
indigenous endophytic bacterial isolates and 3 replicates was used.

2.1. Research Procedure

2.1.1. Propagation of Endophytic Bacteria

2.1.2. Introduction of Endophytic Bacteria and Planting

2.1.2.1 Production of Flourescent Compounds

2.1.2.2 Indole Acetic Acid (IAA) Production Ability to Disolve Phosphate

3. Result And Discussion

3.1. Characterization of Indigenus Endophytic Bacteria

None of the 19 isolates of indigenous endophytic bacteria produced flourescents pigment, but all isolates

were able to produce IAA. Just 2 isolates solubilised phosphate (Table 1).

Table 1. Characterization of The Endophytic Bacteria

Isolates Flouresces  TAA Ability to
Pigment Production dissolve
(ppm) phosphate
A222 - 1.0231 -
A22.1 - 0.6115 -
B5.1.1 - 1.5462 -
B1.1.1 - 0.4731 -
Cs.1.1 - 0.4385 -
c321 - 0.5269 -
cs52.1 - 0.4077 -
c22.1 - 0.9808 -
c42.1 - 0.4385 -
D52.1 - 0.3654 -
D4.1.1 - 3.1462 -
D3.1.2 - 0.4115 -
D412 - 0.7000 +
E4.12 - 3.2962 +
E3.1.1 - 0.3077 -
E3.12 - 0.4808 -
E422 - 0.7077 -
F2.1.1 - 0.5115 -

F3.1.1 - 0.3538 -
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From the results of the endorsement of 19 indigenous endophytic bacteria that have been tested,
all isolates of indigenous endophytic bacteria do not show bacteria that can produce flourescens
pigments. Testing of indigenous endophytic bacteria in producing flourescens pigment to differentiate
Pseudomonas bacteria from other bacteria [12]. The characteristics of bacteria produce water-soluble
fluorescens pigments, which are yellow green pigments called pyocyanins and pyoverdins that spread
to the media and fluorescent under ultraviolet light. Pyocyanins are blue phenazines. Pseudomonas
fluorescens emits green, red, green, pink, and yellow pigments primarily on iron-deficient mediums. P.
fluorescens form a fluorescent pigment known as fluorescein, now more widely used the term pyoverdin.
Pyoverdin consists of a peptide of 5-8 amino acids and a chromophore of quinoline derivatives having
a molecular weight of about 1,000. Pyoverdin has the ability as an iron-binding compound and iron
carrier or siderofor [13]. The highest IAA production was found with isolate E4.1.2 ( 3.2962 ppm) and
the lowest with isolate E3.1.1 (0.3077 ppm). The difference in IAA production is suspected to depend
on the ability of each isolate to colonize the roots of the plant [14].

The mechanism of bacteria in increasing the IAA content in plants is by using natural tryptophan
produced and excreted by the roots and then used for the synthesis of IAA. According to Ref. [15].,
IAA-producing bacteria are involved in some physiological processes of plants by including the IAA
they produce into plants, so the plants are more sensitive in changing their IAA concentrations. The
ability of bacteria in dissolving phosphate is one of the mechanisms to increase plant growth by bacterial
endophytes.

3.2. Plant Growth

Seedling height, leaf number and total leaf area, after innoculation with the bacterial isolates, are shown
in Table 2. The indigenous endophytic bacteria tested affected plant growth. The indigenous endophytic
bacteria resulted in the highest average height of 21.9 cm with effectiveness of 41.29%, significantly
different from that of indigenous endophytic bacteria control of 15.5 cm. Of the 19 isolates of indigenous
endophytic bacteria in the application of 7 isolates showed the lowest average plant height value when
compared with the control, ranging from 15 cm to 12.53 cm with minus effectiveness value. In this case
some indigenous endophytic bacters applied to increase the growth of this plant is suspected that the
bacteria have the ability as PGPR (Plant Growth Promotong Rhizobacteria). Endophytic bacteria as
PGPR are also reported to be able to stimulate the growth of rootstock seedlings of rubber plants [16]
and increase the growth of sambiloto [17]. Increased plant height in oil palm crops in indigenous
endophytic bacteria caused by the presence of IAA hormone produced by endophytic bacteria. [AA
hormone function for plants, among others, increase cell growth, stimulate the formation of new roots,
spur growth, stimulate flowering and increase enzyme activity [18]. The IAA function in cellular
development can increase the height of oil palm crops. Generally the plant is unable to produce enough
IAA for growth and development. Some strains of PGPR are capable of introducing IAA from
precursors found in both root exudates and organic matter. This active compound can increase or inhibit
plant growth depending on its concentration [19]. According to [20] the height of the plant stem will
affect the number of nodes to which the leaf exits, so that if the plant has a size.

Long stems then the number of nodes will be more so that the number of plant leaves is also more.
in isolate D5.2.1 with average total leaf area 111.19 cm? and effectiveness value 156.49% and lowest
F3.1.1 with average 24.85 cm?® with effectiveness value -42.69%. Of the 19 isolates of bacteria given 2
isolates (A2.2.1. D5.2.1) bacteria were able to increase the highest total leaf area ranging from 1001.35
cm3 to 111.19 cm3. the highest endogenous indigenous bacteria treatment The indigenous endophytic
bacteria is capable of increasing the total area of palm oil leaves in pre nursery due to the indigenous
endophytic bacteria capable of producing growth hormone and the availability of certain nutrients, fixing
nitrogen, and mobilizing phosphate. Suspected of indigenous endophytic bacteria capable of blocking
N2 from the air, N2 blocking endophytic bacteria can increase the nitrogen inhibition of air.

The ability of endophytic bacteria to have advantages that is: the overall product of the form
fitohormon and N fixation can be used entirely by plants because endophytic bacteria are inside the plant
tissue. Lakitan [21] stated that at the time of leaf growth, it is known that not all necessary nutrients
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play a role directly on the formation of leaves. The most important nutrient effect on leaf growth and
development is nitrogen

The effect of endophytic bacteria indigenous bacteria isolate on fresh weight of seedlings and
fresh weight of oil palm plant roots in pre nursery has varied effects. By comparison with no indigenous
endophytic bacteria isolate isolates, some isolates were able to perform better and differ significantly
both in dry weight of seedlings and dry weight of palm oil plant roots (Table 3).

The varied results showed that indigenous endophytic bacteria administration had an effect on the
growth of oil palm seedlings. The best result of fresh weight of seedlings and fresh root weight from
indigenous endophytic bacteria is on isolate D5.2.1 and A2.2.1 with average fresh seed weight ranging
from 5.51 gram to 5.53 gram and average fresh root weight value with the same isolates averaged 1.33
grams to 1.56 salts. This is in agreement with [22] which states that fresh weight of plants is influenced
by plant height and leaf area, the higher and larger the leaf area the higher the fresh weight of the plant
will be. The fresh weight of the root of the palm oil plant will increase due to nutrient absorption and
water from the soil that plants can need for their growth, in accordance with that of [23], the increase of
root plant growth is one of the main signs that can be observed when the plant has been inoculated by
endophytic bacteria. From the results of this study, indigenous endophytic bacteria are applied to give a
real effect on fresh weight of roots and oil palm seedlings, suspected endophytic bacteria can help the
plant in the absorption of nutrients from the soil to plant growth so that the effect on fresh weight of
seeds and plant roots.

Table 2. Seedling Height, Leaf Number and Total Leaf Area After Innocculation with The Bacterial

Isolates
Effectiveness Effectivenes  Total Leaf Area Effectiveness
. . (%) Leaf (cm?) %)

Isolates Seedling  height Number (%)

(cm)
A22.1  21.90 a 41.29 3.67 -12.73 10455 a 141.18
D521 2157 a 39.16 3.00 12.36 111.19 a 156.49
B5.1.1 ~ 21.10 ab 36.13 3.33 24.72 101.35 ab 133.79
D4.1.1  19.90 ab 28.39 3.00 12.36 71.54  ab 65.03
E3.12 1990 ab 28.39 2.67 0.00 52.65  ab 21.45
F2.1.1  19.00 ab 22.58 3.00 12.36 85.03  ab 96.15
C5.1.1 1873 ab 20.84 3.33 24.72 4743  ab 9.41
C32.1 1797 ab 15.94 3.00 12.36 51.54  ab 18.89
BLLL 1780 ab 14.84 3.33 24.72 87.11  ab 100.95
C52.1  16.90 ab 9.03 2.67 0.00 4743  ab 9.41
D3.1.2 16.40 ab 5.81 2.33 -12.73 89.31  ab 106.02
E42.2 1607 ab 3.68 2.67 0.00 5830  ab 34.49
Control 1550 ab 0.00 2.67 0.00 4335  ab 0.00
C221 1530 ab -1.29 2.33 -12.73 54.16  ab 24.94
D412 1483 ab 432 2.67 0.00 4770  ab 10.03
Ca2.1 1457 ab -6.00 3.00 12.36 43.10 ab -0.58
F3.I.1 1373 ab -11.42 2.33 -12.73 2485 b -42.69
E412 1360 ab -12.26 2.33 -12.73 56.48  ab 30.28
E3.L.T 1343 ab -13.35 2.33 -12.73 46.61  ab 7.51
A22.2 1353 b -19.16 2.33 -12.73 31.61 ab -27.08

CvV= cvV = CV =

16.6% 19.56% 36.55%

Numbers in the same column followed by the same lower case letter are not significantly different
(Honestly Significant Difference test at the 5% level).
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Measurement of dry weight of seedlings and dry weight of oil palm root root is important to know
the biomass weight of the result of plant photosynthesis with the help of indigenous endophytic bacteria
applied to palm oil cultivation in pre nursery. The ability of endophytic bacteria to increase dry weight
of seedlings and dry weight of palm oil plant roots shows varying results. By comparing control and
provision of endophytic indigenous bacteria, some isolates were able to be significantly better and
significantly different from dry weight of seedlings and root dry weight. The varied results indicated
that giving endophytic bacteria indigenous bacteria had an effect on the growth of oil palm plant in pre
nursery.

The highest dry weight of seeds and roots in the treatment of isolate A2.2.1 with dry seed average
of 1.42 grams and 0.49 gram on dry weight of root of oil palm plant. The lowest dry seedlings and roots
at F3.1.1 isolate treatment with average dry seed 0.17 gram and 0.03 gram at root dried weight. In
general, indigenous endophytic bacteria from oil palm plants are able to stimulate plant growth.

Table 3. Effect of Endophytic Bacteria Indigenous Application on Fresh Weight of Seed and Root,
Dry Weight of Seed and Root.

Isolates Dry Weight  Effectivenes Dry Effectivenes

Fresh Effectiv  Fresh Effectiv  of Seed s (%) Weight of s (%)

Weight of eness Weight of eness (gram ) Root

Seed (gram) (%) Root (gram) (%) (gram )
D521 553 & 115108 133 4 16078 139 a 9577 035 ab 10588
A221 551 2 11420 156 2 20588 142 a  100.00 049 3 18824
BS.L1 490 3 9047 115 23 12549 121  ab 7183 035 ab 102.94
D312 460 3 7899 116 3 12745 130 ab 83.10 037 ab 11471
E3.12 454 ab 7665 104 3 10392 115 ab 6197 033 ab 94.12
BLLT 454 ab 7665 1.9 a3 13333 114 ab 60.56 034 ab  100.00
F2.1.1 454 ab 7646 102 3 11961 111 ab 5634 029 ab 67.65
C221 364 3 4163 102 3 12353 087 ab 22.54 032 ab 8529
CSLl 337 ab 3003 087 3 7050 089 ab 2535 027 ab 5882
DALT 354 @b 2607 097 3 9020 085 ab 1972 029 ab  67.65
G321 304 3 4829 064 ® 2549 091 ab 2958 025 ab  47.06
E422 585 8 108 080 2 568 067 ab -5.63 020 ab 1471
Control — » 57 @b g 051 3 000 074  ab  0.00 0.17 ab  0.00
D412 954 @b 136 072 % 4118 070  ab  -141 024 ab 4118
E412 907 8 167 037 A 2745 070  ab  -141 028 ab 64.71
G521 526 8 1206 053 3 39 0.65 ab -845 0.19 ab 1176
E3LL h04 8 082 044 3 1373 052  ab  -26.76 0.12 ab -29.4l
Ca21 495 @ 412 051 3 000 054 ab -23.94 0.19 ab 882
A222 q06 8 5875 018 P 6471 024  ab  -66.20 0.04 ab -79.41
F311 0 086 P 6673 026 2 4902 017 b -76.06 003 P 835

Numbers in the same column followed by the same lower case letter are not significantly different
(Honestly Significant Difference test at the 5% level).

Endophytic bacteria spur the growth and development of roots, so plants can grow and develop
well. Provision of endophytic bacteria in poplar hybrid plants can increase root biomass 84%, 38%
canopy, and 48% leaf. Endophytic bacteria can improve root development both root length and dry
weight of poplar root roots. The increase is allegedly not separated from phytohormones and compounds
that regulate plant growth metabolism produced by endophytic bacteria.

Several studies have shown that in addition to producing endophytic bacteria fitohormon also
play arole in binding N and can dissolve P as isolated from apple 24, sugar cane 8. The high dry weight
values of plants indicate an increase in the process of photosynthesis because the required nutrients are
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available. This is related to the results of photosynthates that are translocated to all plant organs for plant
growth, thus giving a real effect on plant biomass.

4. Conclusion

From the results of the research that has been done, it can be concluded that potential indigenous
endophytic bacteria can increase the growth of oil palm seedlings in Pre Nursery, namely isolates A2.2.1
able to increase plant height, total leaf area, fresh seed weight and fresh roots, dry seed weight and dry
root, with a total effectiveness value of 867.09% and isolates D5.2.1 able to increase plant height, total
leaf area, fresh seed weight, seed dry weight with a total effectiveness value of 685.62%.

References

[1] Asmono, D. 2007. Perkembangan Dan Pemuliaan Kelapa Sawit. Media Perkebunan. 60: 18-19

[2] Khairani, G. 2010 Isolasi Dan Uji Kemampuan Bakteri Endofit Penghasil Hormon laa (Indole Acetic
Acid) Dan Akar Tanaman Jagung (Zea Mays). Universitas Sumatera Utara,

[3] Hardoim, P.R., L.S. van Overbeek., G. Berg., A.M., Pirttild., S. Compant., A. Campisano., M.
Doring., A. Sessitsch. 2015. The Hidden World within Plants: Ecological and Evolutionary
Considerations for Defining Functioning of Microbial Endophytes. Microbiol. Mol. Biol. Rev.
293-320 [2] Anggara, B.S., Yuliani dan Lisdiana, L. 2014. Isolasi Dan Karakterisasi Bakteri
Endofit Penghasil Hormon Indole Acetic Acid Dari Akar Tanaman Ubi Jalar. Lenterabio. 3(3):
160-167.

[4] Santoyo, G., G. Moreno-Hagelsieb., M. del Carmen Orozco-Mosqueda., B.R. Glick. 2016. Plant
Growth Promoting Bacterial Endophytes. Microbiol. Res. 183 : 92-99.

[5] Harni, R., Ibrahim, M.S.D. 2011. Potensi Bakteri Endofit Menginduksi Ketahanan Tanaman Lada
Terhadap Infeksi Meloidogyne Incognita. J Littri.17(3):118-123.

[6] Gamalero, E., B.R. Glick. D.K.K. Maheshwari., Springer., Berlin Heidelberg., Germany. 2011.
Mechanisms Used by Plant Growth-Promoting Bacteria. In Bacteria in Agrobiology: Plant
Nutrient Management : 17-47.

[7] Bolero,L., Perrig, D., Masciarelli, O., Penna, C., Cassan, F., Luna V. 2007. Phytohormone
Production by Three Strains of Bradyrhizobium japonicum and Possible Physiological and
Technological Implications. Appl Microbiol Biotechnol 74: 874-880

[8 Shi, Y, K., Lou, and C. LI. 2009. Promotion Of Plant Growth By Phytohormone-Producing
Endophytic Mirrobs Of Sugar Bit. Biol. Fertil. Soils. 45: 645-653.

[9] Khan, Z., H. Rho., A. Firrincieli., S.H. Hung., V. Luna., O. Masciarelli., S.H. Kim., S.L. Doty. 2016.
Growth Enhancement and Drought Tolerance of Hybrid Poplar upon Inoculation with Endophyte
Consortia. Curr.Plant Biol. 6 :38-47.

[10] Ji, S.H,. Gururani, M.A,. Chun, S.E., (2013), Isolation And Characterization Of Plant Growth
Promoting Endophytic Diazotrophic Bacteria From Korean Rice Cultivars. Microbiological
Research 16(5):39-46

[11] Mayerni, R., Yanti, Y., dan Syarif, A. 2017. Karakterisasi dan Uji Efektiftas Isolate Rhizobakteri
Indegenus dalam Meningkatkan Pertumbuhan Tanaman Kelapa Sawit (Elais guineensis jacq).
Laporan hibah Pascasarjana Universitas Andalas. Padang 12 [28]

[12] Schaad, N.W. 2001. Laboratory Guldefor Identification of Plant Pathogenic Bacteria 3rd
Ed.St.Paul. Minnesota: APSPress

[13] Fuyudur,R. 2011. Pemanfaatan Bakteri Pseudomonas fluorescens, Jamur Trichoderma harzianum
dan Seresah Daun Jati (Tectona grandis) untuk Pertumbuhan Tanaman Kedelai pada Media
Tanam Tanah Kapur. http://EJournal.unesam.ac.id/article/4545/33/article.pdf

[14] Thakuria, D., Talukdar, N.C., Goswami, C., Hazarika, S., Boro, R.C., Khan, M.R. 2004.
Characterization And Screening Of Bacteria From The Rhizosphere Of Rice Grown In Acidic
Soils Of Assam. Curr. Sci. 86: 978-985.

[15] Leveau, J. H and S. E. Lindow. 2004. Utilization Of Plant Hormone Indole3- Acetic Acid For
Growth By Pseudomonas putida Strain 1290. American Society For Microbiology.1(5) : 2365-
2370.



6th International Conference on Sustainable Agriculture, Food and Energy IOP Publishing
IOP Conf. Series: Earth and Environmental Science 347 (2019) 012026  doi:10.1088/1755-1315/347/1/012026

[16] Hidayati, U. 2014. Potensi Bakteri Endofit Asal Tanaman Karet Sebagai Pemacu Pertumbuhan
Bibit Batang Bawah Tanaman Karet (hevea brasiliensis Miill. Arg) [Disertasi]. Institut Pertanian
Bogor

[17] Gusmaini. 2014. Pemanfataan Bakteri Endofit untuk Meningkatkan Produksi dan Kadar
Andrografolid pada Tanaman Sambiloto (Andrographis paniculata). [Disertasi]. Institut Pertanian
Bogor

[18] Egamberdiyeva, D. 2007. The effect of PGPR on Growth and Nutrient Uptake of Maize in Two
Different Soils. Applied Soil Ecology. 36(1) : 184-189.

[19] Aryantha, LN.P., D.P. Lestari dan N.P.D. Pangesti. 2004. Potensi Isolat Bakteri Penghasil IAA
Dalam Peningkatan Pertumbuhan Kecambah Kacang Hijau Pada Kondisi Hidroponik. Jurnal
Mikrobiologi Indonesia. 9 (2). P : 43-46.

[20] Gardner, F.P., R.B. Pearce dan R.L. Mitchell.1991. Fisiologi Tanaman Budidaya.Terjemahan. Ul
Press. Jakarta.

[21] Lakitan B. 1995. Hortilkultura : Teori, Budaya, dan Pasca Panen. Raja Grafindo Persada. Jakarta.

[22] Prasetya, B., S, Kurniawan, dan Febrianingsih. 2009. Pengaruh Dosis dan Frekuensi Pupuk Cair
Terhadap Serapan dan Pertumbuhan Sawi (Brassica junsea L.) Pada Entisol. Universitas
Brawijaya. Malang.

[23] Patten, C.L., dan B.R. Glick. 2002. Role Of Pseudomonas Putida Indole Acetic Acid In
Development Of The Host Plant Root System. Appl. Environ. Microbiol. 68 : 3795-3801.

[24] Miliaté, I,. Buzaité, O,. 2011, IAA Production and Other Plant Growth Promoting Traits of
Endophytic Bacteria from Apple Tree. Biologija 57(2) : 98-102.

Acknowledgements
The authors would like to thank all those who have participated in the research



