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Potential of endophytic bacteria as plant growth promoter and antagonist against
pineapple-fungal plant pathogen in Indonesia
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KRISNO?, Thoriq KHOIRONI!, Diyan Adinda SAFITRI!

('Faculty of Agriculture, Lampung University, Indonesia; 2Great Giant Food Company, Lampung, Indonesia)

SUMMARY

This study was aimed to investigate potential of 15 endophytic bacteria (3C, AK, CH, GKSKK, GBSH, AM, BI,
GKSKC, GBSK3, GKSKW, GKSKP, A31, GKSKKn, NS and AP) that were isolated from healthy leaves of pinneaple
as plant growth promoter and antagonist of pineapple-fungal plant pathogens. The isolates were investigated on their
hipovirulence, ability as plant growth promoter and ability to inhibit three pineapple-fungal pathogens, namely
Phytophtora sp., Curvularia sp. and Thielaviopsis sp. The result showed that 10 out of 15 isolates were hipovirulent.
Among 10 hipovirulence isolates, 7 isolates had potential as plant growth promoter (3C, AK, GKSKK, AM, BI,
GKSKC and GBSK3). In the case of their antagonistic capability, the isolates which were produced the highest
percentage of inhibition against Phytoptora sp. and Curvularia sp. were GKSCK at 72,48% and 66,08% of inhibition,
respectively. Meanwhile, the highest percentage inhibition against Thielaviopsis sp. was obtained by CH at 64,82% of

inhibition. In this study, we found that some of the endophytic bacteria can be plant growth promoter or antagonist or

both as plant growth promoter and antagonist.

Introduction

Pineapple is one of the most important fruit comodities
in Indonesia. Recently, although not very significant,
pineapple production in Indonesia continues to decline.
This is due to the decreased of soil fertility and infection
of some plant pathogens. Three important plant
pathogens that have been reported causing severe
economic losses are Phytophtora sp., Curvularia sp. and
Thielaviopsis sp.. Application extra chemicals fertilizer
and fungicides to solve the problems can cause more
severe harms to the environment and future cultivation
and efforts to improve pineapple production. Thus, it
need to find alternative methods that is safe to be used to
solve the complications, and one of which are reducing
the chemicals and using bio agents.

Endophytic bacteria is one of the promising bio agents
that can be used to improve production of cultivated
plants, including pineapple. Endophytic bacteria is
bacteria that live internally inside the plant tissue, can be
isolated from the plant after surface desinfection and
does not cause negative effects on plant growth (Wilson,
1995; Gaiero et al., 2013). It has been reported that
endophytic bacteria has capability as plant growth
promoter (Gaiero et al., 2013; Santoyo et al., 2016), plant

resistance inducer against plant diseases (Costa et al.,

2013; Lanna-Filho et al, 2013; Yi et al, 2013;
Egamberdieva et al., 2017; Leiwakabessy et al., 2018)
and antagonist of many kinds of plant pathogens (Duffy
and Defago, 1999; Gaiero et al., 2013).

Fifteen endophytic bacteria were successfully isolated
from healthy leaves of pineapple. However, study on
their potential as agricultural bio agents has not been
performed. This study was conducted in order to
investigate virulence, ability as plant growth promoter
and antagonist of the fifteen isolates of above mentioned
endophytic bacteria against three pineapple fungal
pathogens, namely Phytophtora sp., Curvularia sp., and
Thielaviopsis sp..

Material and Method

Endophytic bacteria. As much as 15 isolates of

endophytic bacteria used in this study. All the strains
were isolated from healthy leaves of pineapple.

Hypovirulence test. Hypovirulence test was performed
using method developed by Worosuryani (2005). Sprouts
of cucumber were used as indicator. Inoculation each of
endophytic bacteria was repeated 3 times. Observation
was performed until 14 days after inoculation. Disease
severity Index (DSI) was calculated using formula :
(ON/Z); N : total score of disease severity on each

individu, Z : total individu used. Score of the disease
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severity that was used can be explained as follows: O :
healthy, there was no infection on hypocotyl; 1 : one or
two brown spot observed with <0.25 cm of diameter; 2 :
brown spot observed with < 0.5 cm of diameter with
<10% of wetness area of hypocotyl; 3 : brown spot
observed with > 1 cm of diameter with 10%<x<100% of
wetness area of hypocotyl; 4 : black spot observed, wilt
and sprouts death. The endophytic bacteria with DSI <2
was put in the group of hypovirulent bacteria.

Investigation on its capability as plant growth
promoter. Cucumber plant was used as indicator plant.
Investigation was conducted using methods developed
by Worosuryani (2005). As much as 10 ml of bacterial
suspension (~10% CFU/ml) was pured into planting
medium of plant indicator. Inoculation each of the
bacteria was repeated 3 times. Observation of plant
height was performed every two days. Greenish leaves
level was conducted once at 16 days after inoculation
using chlorophyll content meter CCM 200 plus (opsi
science) at the 3 of leaves position i.e. top, midle and
bottom. Weight of wet and dry of shoot and root was
conducted at 21 days after inoculation. In the case of dry

weight of shoot and root, the fresh shoot and root were

put into envelope and it was incubated at 80°C for 3 days.

After incubation, it was weight using digital balance EG
4200-2NM (Kern).

Antagonistic capability agains pineapple fungal-plant
pathogens. Three pineapple fungal plant pathogens used
in this study i.e. Phytophtora sp., Curvularia sp., and
Thielaviopsis sp.. Antagonistic test was performed by
scraping the bacteria using inoculating loop with a
distance of 2 cm from the edge of petridish (diam 9 cm)
contains Potato Sucrose Agar (PSA) medium (Potato
extract 1000 ml, Sucrose 20 g, Agar 20 g) in both side.
One culture of 7 old days of each of the fungal pathogens
(diam 0.5 cm) was placed in the midle of petridish. As
control, one culture of each of plant pathogens was put in
the midle of petridish contains PSA medium without any
endophytic bacteria. All the petridish were incubated at
room temperature. Observation was conducted at 1, 3, 5
and 7 days after inoculation on the wide of fungal colony
that was measured in milimeter. Percentage of inhibition
[L1-L2/L1]x100%. L1:
wide of fungal colony without endophytic bacteria, L2 :

was calculated using formula :

wide of fungal colony with endophytic bacteria.

Result and Discussions
In this study, 15 endophytic bacteria was investigated on

their hypovirulence, capability as plant growth promoter
and antagonist against 3 pineapple plant pathogens,
namely  Phytophtora sp., Curvularia sp. and
Thielaviopsis sp.. The result showed that 10 out of 15
isolates showed hypovirulent (Table 1). Among those 10
hipovirulent isolates, 7 isolates showed potential as plant
growth promoter. Application of the bacterial isolates
resulting better growth on indicator plant compared to
the untreated plants. Application of endophytic bacteria
consistently improve plant height, greenish leaves, wet
and dry weight of shoot and root and root length (Fig 1).

Gaiero et al (2013) and Santoyo et al. (2016) stating that
endophytic bacteria also could promote growth of their
host plant. The bacteria release phytohormones
(Bloemberg & Lugtenberg, 2001) that can improve plant
growth such as
(ACC) deaminase (Gaiero et al., 2013; Santoyo et al.,
2016), jasmonate, indole acetic acid, and abscisic acid
(Patten and Glick, 2002; Forchetti et al., 2007 ). Beside

their ability as growth promoter, endophytic bacteria was

1-aminocyclopropane-1-carboxylate

also reported as plant resistance inducer (Romeiro et al.,
2005, 2013).

endophytic bacteria has been reported can improve plant

Lanna-Filho et al., Application of
resistance against plant diseases such as bacterial leaf
spot of pepper (Yi et al, 2013), bacterial leaf spot of

Table 1 Disease severity index resulted by

inoculation of the bacterial isolates on cucumber
sprouts and its role as plant growth promoter

Disease Severity Role as plant

Isolates
Index growth promoter

AP 2.75 Not tested
GKSKKn 2.58 Not tested
NS 2.50 Not tested
A31 2.50 Not tested
GKSKP 242 Not tested
3C 2.00 Yes
AK 1.92 Yes
CH 1.83 No
GKSKK 1.67 Yes
GBSH 1.67 No
AM 1.33 Yes

B1 1.17 Yes
GKSKC 1.00 Yes
GBSK3 0.75 Yes
GKSKW 0.33 No
Kontrol 0.00 -

tomato (Lanna-Filho et al., 2013), bacterial leaf blight of
rice (Leiwakabessy et al, 2018), damping off on
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Fig.1 Indicator plant after application of bacterial
isolates. A. control, B. treated plants

cucumber (Costa et al., 2013) and root rot of chickpea
(Egamberdieva et al., 2017).

bacteria have also been reported produce anti microbial

Some of endophytic

compounds, such as siderophore and antibiotics, that can
inhibit growth of plant pathogens (Duffy and Defago,
1999; Gaiero et al, 2013) such as Enterobacter,
Pseudomonas sp., Bacillus sp.. (Muzzamal et al., 2012),
Fusarium oxysporum f.sp. lycopersici (Shahzad et al.,
2017), Phytophtora capsici, Alternaria panax and
Botrytis cinerea (Paul et al., 2013).

In this study, we found that some of endophytic bacteria
used had capability to inhibit Phytophtora sp.,
Curvularia sp. and Thielaviopsis sp.. (Fig. 2). Inhibition
was in the range of 5.13 to 72.48% (Phytophtora sp.),
2.33 to 66.08% (Curvularia sp.) and 1.33 to 64.82%
(Thielaviopsis sp.). The best capability to inhibit
Phytophtora sp., and Curvularia sp. was produced by
GKSCK. Meanwhile, the highest
Thielaviopsis sp. was produced by CH (Table 2). It was

inhibition of

shown that one endophytic bacteria can inhibit more than
one pathogens.

Ability of endophytic bacteria to inhibit more than one
kinds of pathogens have also been reported. Endophytic
bacteria isolated from potato (Berg et al., 2005) and chilli
pepper (Paul et al., 2013) have been proven to be
antagonist of more than one kinds of pathogens.

Study performed by Berg et al. (2005) revealed that
endophytic bacterium isolated from potato could inhibit
Verticillium dahliae or Rhizoctonia solani. Paul et al.
(2013) stated that edophytic bacteria isolated from chilli
pepper can inhibit Fusarium oxysporum or Alternaria
panax or Colletotrichum acutatum or Phytophtora
capsici or Botrytis cinerea.

Conclusion

In conclusion, not all endophytic bacteria used in this

study were plant growth promoter and antagonist. There

was endophytic bacteria that play a role as plant growth
promoter or antagonist or both plant growth promoter
and antagonist. The best inhibition to Phytoptora sp. and
Curvularia sp. were produced by GKSCK, meanwhile,
the highest inhibition against Thielaviopsis sp. was
obtained by CH.

Acknowledgement
We thank to Great Giant Food Company for providing

Fig. 2 Antagonist test of endophytic bacteria against 3
pineapple fungal pathogens 7 days after inoculation.
From left to right : Phytophtora sp., Curvularia sp.,
Thielaviopsis sp.. A. Endophytic bacteria that had
antagonistic capability, B. Endophytic bacteria that
did not has antagonistic capabilitycapability.

Table 2 Percentage of inhibition of endophytic
bacteria against thee pineapple fungal pathogens

Percentage of inhibition (%)

Isolates - - —
Phytophtora Curvularia Thielaviopsis
AP* 14.76 30.18 5.58
GKSKKn* 0.00 27.77 1.53
NS* 0.00 16.73 5.44
A31* 61.85 13.35 46.15
GKSKP* 62.74 6.37 61.85
3C* 0.00 15.40 63.71
AK 64.30 29.94 494
CH 67.15 2.40 64.82
GKSKK 0.00 30.53 25.87
GBSH 20.00 14.48 29.68
AM 0.00 5.67 1.50
Bl 0.00 9.40 8.72
GKSKC 72.48 66.08 4.88
GBSK3 5.13 2.33 0.00
GKSKW 64.11 24.88 1.33
Kontrol 0.00 0.00 0.00

* Isolates which were virulent (DSI>2) on the result
of hypoverulence test

financial support and material required for this research.
We also thank to Lampung University for many support
provide during research.

-43-



Reference
1) Berg G, Krechel A, Ditz M, Sikora RA, Ulrich A and
(2005) Endophytic and

potato-associated bacterial com-

Hallmann J ectophytic
munities differ in
structure and antagonistic function against plant
pathogenic fungi. FEMS Microbiology Ecology, 51:
215-229.

2) Bloemberg GV and Lugtenberg BJJ (2001) Molecular
basis of plant growth promotion and biocontrol by
rhizobacteria. Current Opinion in Plant Biology 4:
343-350.

3) Costa FG, Zucchi TD and de Melo IS (2013) Biological
Control of Phytopathogenic Fungi by Endophytic
Actinomycetes Isolated from Maize (Zea mays L.).
Brazilian Archives of Biology and Technology, 56:
948-955.

4) Duffy BK and Défago G (1999) Environmental factors
modulating antibiotic and siderophore biosynthesis by
Pseudomonas fluorescens biocontrol strains. Applied and
Environmental Microbiology, 65: 2429-2438.

5) Egamberdieva D, Wirth SJ, Shurigin VV, Hashem A
and Abd_Allah (2017) Endophytic bacteria improve plant
growth, symbiotic performance of chickpea (Cicer
arietinum L) and induce suppression of root rot caused by
Fusarium  solani under salt stress. Frontier in
Microbiology, 8:1887 doi: 10.3389/fmicb.2017.01887.

6) Forchetti G, Masciarelli O, Alemano S, Alvarez D and
Abdala G (2007) Endophytic bacteria in sunflower
(Helianthus annuus L.): Isolation, characterization, and
production of jasmonates and abscisic acid in culture
medium. Applied Microbiology and Biotechnology, 76:
1145-1152.

7) Gaiero JR, Mccall CA, Thompson KA, Day NJ, Best
AS and Dunfield KE (2013) Inside the root microbiome:
bacterial root endophytes and plant growth promotion.
American Journal of Botany, 100: 1738-1750.

8) Lanna-Filho R, Souza RM, Magalhiaes MM, Villela L,
Zanotto E, PRibeiro-Jinior PM and Resende MLV (2013)
Induced defense responses in tomato against bacterial
spot by proteins synthesized by endophytic bacteria.
Tropical Plant Pathology, 38:295-302.

9) Leiwakabessy C, Sinaga MS, Mutaqgien KH,
Trikoesoemaningtyas and Giyanto (2018) The endophytic
bacteria, salicylic acid, and their combination as inducers
of rice resistance against Xanthomonas oryzae pv. oryzae.
AGRIVITA Journal of Agricultural Science, 40: 25-35.
10) Muzzamal H, Sarwar R, Sajid I and Hasnain S (2012)

Isolation, identification and screening of endophytic

bacteria antagonistic to biofilm formers. Pakistan Journal
of Zoology, 44:249-257.

11) Patten CL and Glick BR (2002) Role of Pseudomonas
putida indole acetic acid in development of the host plant
root system. Applied and Environmental Microbiology,
68:3795-3801.

12) Paul NC, Ji SH, Deng JX and Yu SH (2013)
Assemblages of endophytic bacteria in chili pepper
(Capsicum annuum L.) and their antifungal activity
against phytopathogens in vitro. Plant Omics Journal,
6:441-448.

13) Romeiro RS, Filho L, Junior JRV, Silva HSA,
Baracat-Pereira MC MG (2005)

Rhizobacterium[Jas Elicitors of Systemic Resistance in

and Carvalho

Tomato to Bacterial and Fungal Pathogens. Journal of
Phytopathology, 153:120-123.

14) Santoyo G, Moreno-Hagelsieb G, Orozco-Mosqueda
MdC and Glick BR (2016) Plant growth-promoting
bacterial
183:92-99.
15) Shahzad R, Khan AL, Bilal S, Asaf S and Lee 1J
(2017) Plant

versus pathogenic infections: an example of Bacillus

endophyte.  Microbiological ~ Research,

growth-promoting endophytic bacteria

amyloliquefaciens RWL-1 and Fusarium oxysporum f. sp.

lycopersici  in  tomato. Peer] 5:¢3107; DOI
10.7717/peerj.3107.

16) Yi HS, Yang JW and Ryu CM (2013) ISR meets SAR
outside: additive action of the endophyte Bacillus pumilus
INR7 and the chemical inducer, benzothiadiazole, on
induced resistance against bacterial spot in field-grown
pepper. Plant 4:122  doi:
10.3389/fpls.2013.00122.

17) Wilson D (1995) Endophyte: The evolution of a term,
and clarification of its use and definition, Oikos 73:
274-276.

18) Worosuryani C (2005) Uji kemampuan berbagai

Frontier in Science,

jamur tanah yang diisolasi dari lahan pasir sebagai PGPF
dan agens pengendali hayati penyakit layu fusarium pada
semangka. Master Thesis. Universitas Gadjah Mada.

Yogyakarta.

-44 -



