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ABSTRACT

Discases in rice plants (paddy) caused by microorganisms such as Pyrewlaria oryzae lead to a decrease in rice

production. Therefore, it is essential to find out biological agents for protecting paddy and plants in general,
against plant diseases. Liquid smoke @fifendophytic fungi have been known as biological agents tanhance the
protection of plants against disease. The purpose of this study was to determine the ability of liquid smoke,
endophytic fungi and the concentrations combinations to suppress the growth of P. oryzee. The results showed
that liquid smoke concentrations of 0.17% to 1.75% and endophytic fungi filtrate of 2% to 10% showed
significant ability against pathogen P. eryzue. However, the combination of liquid smoke and endophytic fungi

filtrate at selected concentrations ((L17% liquid smoke combined with 2% endophytic fungi filtrate and 0.34%
liquid smoke combined with 2% endophytic mgi filtrate) showed no significant inhibition percentage against
P. oryzae compared to control. In conclusion, this study showed that the respective applications of liquid smoke
and endophytic fungi filtrate inhibit the growth of P. sryzae.

Keywords: endophytic fungi, inhibition ability, liquid smoke, P. oryzae

INTRODUCTION

Rice plants are the most dominating food
crop commodity in Indonesia (Andriani 2008).
As many as 95% of Indonesians choose rice as a
staple food (Norsalis 2011). One of the rice
plants cultivated in Indonesia is Gogo rice,
which is grown on moorland (a type of habitat
with the characteristic of low growing vegetation
on acidic soil) or on dry land (Hairmansis e al.
2016).

“Gogo” rice Maninjau variety (Oryza sativa L.
var. maninjax) is one of the Indonesian native
varieties of brown rice that comes from the area
of Lake Maninjau located in the Sumatera Barat
Province of Indonesia. This variety is able to live
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on the dry land of Central Kalimantan, is
resistant to leaf blight disease and able to survive
in soil with high iron content (BPPP Jateng
2014).

Among microorganifhs attacking Gogo rice
plants are pathogenic fungi such as P. oryzae,
Rbizoctonia solani, Helflthosporium sigoidensm and
Cercospora janseana. P. aryzae is one of the main
diseases of ri@g] crops due to its impact on
reducing rice productivity (Wang e al 2014,
Suganda e/ a/ 2016). This pathogen causes blast
disease and serious damage to panicles (panicle
blast) and leaves (leaf blast) of rice plants, where
damage to panicles greatly
productivity (Hayashi ez a/ 2019),

Plant resistance to pathogens
improved by utilizing the interaction of
microorganisms with endophytic microbes.

affects rice

can be
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Endophytic fungi are a symbiotic between fungi
and plants, which has a role to protect plants
from pathogens by using the compounds
produced by the symbiosis.  Symbiosis
mutualism of endophfjic fungi with plants
produces secondary metabolites, such as
phytohormones,  nutrients  and colony
formations. Some studies state that secondary
metabolites produced by endophytic fungi
inhibit pathogenic microbes (Lalngaihawmi e/ a/.
2019). Therefore, endophytic fungi are potential
biological agents to inhibit pathogenic fungi.

Liquid smoke bioactive materials can also be
used to prefBt disease caused by
microorganisms. Liquid smoke is a mixture of
solution and colloidal dispersion of wood smoke
vapor in water obtained from the process of
wood pyrolysis or made from a mixture of pure
compounds (Darmadji 2002; Soldera ef /. 2008;
Lee e al 2011). Liquid smoke has good
antimicrobial properties because it can inhibit
the growth of microb@.

This study used liquid smoke from “Ulin
wood” (Eusideraxylon zwager: Teijsm. & Binn).
Ulin wood has density characteristics and a tight
structure of hardwood, containing complex
constituent compounds. Several studies reported
that one type of hardwood, “alaban” wood
(Vitexe  pubescens VAHL.), contains phenol,
carboxylic acid and carbonyl that are
antimicrobial (Oramahi & Yoshimura 2013).
Based on literature studies, “Ulin” wood liquid
smoke may have the ability to inhibit P. oryzue

Both endophytic fungi and liquid smoke of
“Ulin® wood have the ability to inhibit
pathogenic microorganisms. In this study, both
were tested both independently and by
combining the two. As an initial effort to find
one of the solutions to overcome diseases that
often ocffk in rice plants “gogo” Maninjau
varieties. This study was aimed to determine the
ability of “Ulin” wood liquid smoke, endophffic
fungi and their combinations to suppress the
growth of P. oryzae.

MATERIALS AND METHODS

Sampling

Samples of “Gogo” rice (O. sativa L var,
maninjar) WEE taken from the same stretch of
land in Jaar Village, East Dusun Subdistrict, Hast

Barito District, Central Kalimantan Province.
2°06'53.9" North-South Latitudes 115°15'22.1"
West-East Longitudes. Samples consisting of all
parts of the Gogo rice plants were taken along
with the soil around the roots of the Gogo rice
plants, by using a machete. The samples were
stored in pnlmlgs and transported to the
Microbiology Laboratory of the Faculty of
Mathematics and Natural Sciences, Universitas
Lambung Mangkurat.

Isolation, Purification and Identification of
Erﬁphytic Fungi

Endophytic fungi were isolated from the
roots of the Gogo rice plants, by using surface
sterilization method. The roots were washed
using running water, then cut to a size of 10 cm,
The root cuts were surface-sterilized by using
0.05% bleach for 60 sec and rinsed twice using
sterile distilled water. FEach part of the root tip
was then slightly cut to totally drain the r@Jt tip.
The root tip was then planted in a sterile Potato
Dextrose Agar (PDA) medium and incubated at
a temperature of 28 °C for 3-5 days and
observed@gpily. The grown fungi were then
purified (Manurung e a/. 2014; Nurzannah ¢ a/.
2014). Fungi identification was carried out by
using morphological observations, consisting of
macroscopic and microscopic observations with
reference to the identfication book tted
"Mlustrated Genera of Imperfect Fungi 4"
edition" (Barnett & Hunter 1998).

Screening of Endophytic Fungi

Pathogenicity and antagonism tests were used
for the screening of endophytic fungi.
Pathogenicity test were carried out by using rice
seed refering to Waruwu ¢/ &/ (2016). Prior to
being used in the pathogenicity test, the surface
of the rice seeds (20 grains) were sterilized by
soaking the rice seeds in 70% ethanol for 30 sec,
followed by soaking in 1% NaOCI for 60 sec.
Subsequently, the rice seeds were flushed 3
times in sterile distilled water. After that, the rice
seeds were inoculated in PDA medium that had
been previously overgrown by 7-day pure
isolates of endophytic fungi and then incubated
for 2 weeks at room temperature (27-29 °C).
Observation on the growing rice sprouts was
carried out at the end of incubation. Isolates of
endophytic fungi that did not interfere with rice
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germination were used for further testing. Seed

germination rate was calculated using the
formula (Talukdar 2011):
Germination (%) = Number of germinated seed « 100%

total number seed

A confirmation test for endophytic fungi
infection in the roots of rice plants was

conducted for germination by using a method of

Lugman e a/. (2015) that has been modified.
Prior to being used in the test, the roots of rice
plant@ were washed thorm\ in runmng water,
drained, then soaked in 5.25% NaClO solution
for 5 min, thffy rinsed using distilled water.
Subscquently, the roots were soaffifl in 1%
KOH solution for 30 min and then rinsed using
distilled water. After that, the roots were then
pre-soaked in 1% H:Os solution for 5 min. The
coloring stage was started by soaking the roots
in 0.5% vinegar solution, followed by being
soakedff ink with a ratio of 1:5 for 30 min.
Then, the roots were rinsed with distilled water.
Finally, the roots of the rice plants were placed
on an object glass and covered by a cover glass,
and then observed under a microscope with 40x
and 100x magnifications.

The antagonism test of endophytic fungi
isolates against P. oryzae was conducted by using
dual culture method (Tomah ef a/. 2020), which
put isolates of pathogenic fungi and endophytic
fungi on PDA medium in a Petri dish that has
Een divided into two quadrants. Each isolate
§FAs placed at a distance of 3 cm from the edge
of the Petri dish and incubated at a temperature
of 28 °C for 5-7 days. After incubation, the
inhibition percentage of the pathogens was
measured using the formula developed by Rabha

et al. (2014):

diameter of pathogen control colony

x 100%

Inhibition (%) = -
diameter of pathogen treatment colony

Filtrate Harvesting of Endophytic Fungi

Filtrate production methods uff) in this
study were modified based on Elita ez a/ (2013)
and Malinda e# a/. (2015). Endophytic fungi with
the highest inhibitory ability obtained in
previous tefF) were inoculated on PDA slant
media then incubated for 7 days at 28 °C. After
being igE)bated, the filtrate was harvested by
adding 9 mL of sterile distilled water. The fungi
surface was then gently wiped with a fine brush.
Subsequently, the water suspension and fungi
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Elere transferred to a new test tube, then
Entrifuged at 3,500 rpm for 20 min. Finally,
the supernatant was filtered by using a syringe
filter with a pore size of 0.45 um. The filtrate
was then used in testing the inhibitory activity of
endophytic fungi against pathogens.

Inhibition Test of Liquid
Endophytic Fungi to P. oryzae

Smoke-

Inhibition test of
conducted at various liquid smoke
concentrations, ie., 0.085%, 0.17%, 0.34%,
0.68%, 1.36% and 1.75%, based on a method of
fhlinda e ol (2015) that have been modified.
Liquid smoke was obtained from condensation
during the production process of “Ulin” wood
charcoal by Talasiana Charcoal Production
Group, located at Tanah Laut Regencff The
liquid smoke was mixed into the Potato
Dextrose Agar (PDA) medium. The pathogen
isolates were then grown on the mixture of
liquid smoke and PDA for 5-7 days with daily
observation. The inhibition percentage was
calculated by the formula developed by Rabha et
al. (2014):

Inhibition (%6) =

liquid smoke was

diameter of pathogen control colony

x 100%

diameter of pathogen treatment colony

The inhibition test for endophytic fungi was
carried out by using the serial dilution method.
Endophytic filtrate with concentrations of 2, 4,
6, 8, and 10% was mixed with PDA medium to
be used for gmwmg pathogen, and then
incubated at 28 °C for 7 days and observed daily.
The inhibition percentage was calculated with
the same formula as the one used for calculating
the inhibition percentage for the liquid smoke.

qumd smoke and the endnph\nc filtrate
(Ketoconazole) with concentrations
were then combined to be tested for their
inhibitory ability against pathogens. Testing
methods and measurements of inhibition
percentage were conducted by using the same
method as for the previous tests.

various

RESULTS AND DISCUSSION

Endophytic Fungi of O. sativa L var.

maninjau Root

Endophytic fungi obtained from the ro@Zj of
“Gogo” rice var maninjan were coded AP.2
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AP.3, AP.4, AP.7, AP.8, and AP.9. Microscopic
observation of the endophytic fungi isolates
showed that there are morphological
differences. Based on Barnet & Hunter (1998),
the six isolates found refers to several species.
AP2 is Cumularia sp., AP3 and AP7 are
Penicillinm sp., AP 8 is Geatrichum sp., AP9 is
Aspergillus sp., while AP4 has not yet been able
to be identified (Fig. 1). The four figiei species
were also reported by Lalngaithawmi ¢f a/. (2018)
as endophytic fungi ifffEfe.

The presence of endophytic fungi in the
roots of the Gogo rice plants varies bgfd on
the various tissues in which they grow. A study
conducted by Naik ¢/ a/. (2009) reported that the
colonization of endophytic fungi in rice plants
happens more dominantly at the roots of rice
plants.

Pathogenicity of Endophytic Fungi isolated
from O. sativaL. var Maninjau Seeds

Our study showed that the germination
percentage of Gogo rice seeds varied (Table 1),
while the of endophytic fungi
against the seed germination were shown in
Figure 2. Each endophytic fungi
different levels of pathogenicity, both at 7 days
after inoculation and 14 days after inoculation.
The level of pathogenicity is useful for

invasions

showed

determining the best isolates to be used for
subsequent tests. Based on the
pathogenicity levels of rice sprouts that grew
normally, abnormally and did not grow, the best
pathogenicity value was provided by Geatrichum
sp. APS8, followed by Penicillium sp. APT and
Curvularia sp. AP 2.

results of

11

.

ol E

Figure 1 Microscopic characteristics of endophytic fungi isolates obtained from the roots of O. sativa L var. maninjan
Notes: a. Carvalaria sp. AP2 (40x); b, Pewcillinm sp. AP3 (40x); c. AP4 (100x); d. Pendeillinge sp. APT (40x);
e. Geotrichune sp. APB (40x); £, Aspergillis sp. APY (40x).

Table 1 Germination rate of the O. sativa L. var. maniyjan for the 7 and 14 Days After Incubation (DAL

Germination (%0)*

Endophytic fungi T-DAL 14-DAI
Normal Abnormal No growth Normal Abnormal No growth

Without adding
endophytic fungi 6000+ 8.16b 0,00 £ 0004 36.67+ 471a 63.33 + 9.43b 000+ 0.002 3333 £ 4.71a
Curvwlaria sp. AP2 40.00+14.14a 1000+ 8162 40,00 £8.16a 20000 £ B.16a 36.67 + 12.47a 3333 £ 4.71a
Penicillinn sp. AP3 4333+ 471ab 1333 £ 4712 433319432 56.67 + 4.71ab 1667 £ 4.71a 26.67 £ 4.71a
AP4 0.00 + 0.00ab  0.00 £ 0.00a 100,00 £ 000k 6.67 & 9.43ab 1333 £ 1247a 80.00 + 14.14b
Penicilinn sp. APT 4333+ 943ab 1333 £ 12472 5000 £ B.16a 56.67 + 1247ab 1667 £ 9.43a 26.67+4.71a
Creatrichume sp. APB 5000+ 816b  0.00 + 000 50.00 £ 8.16a 70,00 + 8.16h 16.67 £ 471a 16.6714.71a
Aspergidlns sgpm APY 4333+ 471ab 667 £ 471 50.00 £ 8.16a 46.67 £ 47lab 2000 £ 0.002 33.33+4.71a

Note : * = numbers followed by the same letter are not significantly different based on Duncan test at P < 0.05.
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[d]

Figure 2 Rice germination with various treatments of endophytic fungi
Notes: a. rice germination without the addition of endophytic fungi; b. rice seeds with the addition of AP4
endophyte fungi (not germinated); c. rice germination with the addition of endophytic fungi Geatricham
sp. AP8; d. roots of rice seed undergoing treatment with endophytic fungi Geotrichun sp. AP8 (the
atrrow shows endophytic fungi invading the rice root tissue).

The results of the endophytic fungi
antagonism test against P. oryzwe showed no
significant difference between the three selected
fungi (P > 0.05) (Table 2).

Although the antagonism test did not show
significant differences, the selection of the best
f@dlate for subsequent tests was determined
based on the best inhibition percentage and the
diameter of the pathogen successfully inhibited.
Thus, Geatrichun: sp. AP8 was the chosen isolate.
Endophytic fungi can inhibit pathogens having
metabolite compounds by inhibiting E}he
permeability of the pathogenic cells (Ting e al.
2011). White ef a/. (2019) added that endophytic
fungi can use the mechanisms of space and
nutrient competition for suppressing pathogen
growth.

The Ability ofggfiquid Smoke and
Endophytic Fungi in Inhibiting the Growth
of P. oryzace

The results of our study indicated that liquid
smoke at tested concentrations was
significantly able to inhibit the growth of
pathogens compared to control (Fig 3). At liquid
smoke concentrations of 0.17% to 1.75%, the
inhibition percentages differed significantly
(P < 0.05). The selection of the right liquid
smoke concentration for subsequent tests is
indispensable, given that liquid smoke contains
several antimicrobial components that may
affect not only the growth of pathogen, but also
the growth of endophytic fungi.

Table 2 Diameter of P. oryzae colony and inhibition percentage of endophytic fungi

Diameter of P. oryzae

Inhibition percentage

Endophytic fungi (o) Wy
Carvitlaria sp, AP2 41.47+292 21.98+5.54
Penicillinn sp. APT 32.03+7.84 41.87114.32
Getrichum sp. AP8 30.21+6.31 41.87+11.71

Note: ¥ = not significantly different based on Duncan test (P < 0.05).
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Figure 3 Inhibition percentage of different concentrations niquid smoke against P. oryzaeon 1 DAL undl 7 DAL
Notes: The bar indicates the standard deviation. Numbers followed by the same letter are not significantly

different based on Duncan test (P < (.05).

38

%e results also showed that smallest
liquid smoke concentration (0.02%) was able to
inhibit the growth of pathogens despite the daily
decrease in ability, while the largest liquid smoke
concentration (1.75%) was able to inhibit
pathogens at an inhibition percentage of 100%.
Our study also indicated that the 0.17% and
0.34% liquid smoke concentrations were
considered the best concentration for inhibiting
pathogens compared to other concentrations.
The inhibitory curve of those two
concentrations had a tendency of increase after
passing 4 days of inoculation, in contrast to
other concentrations that had a tendency to
decrease. The two liquid smoke concentrations
also showed inhibiting capabilities against the
tested pathogen despite the small
concentrations.

The inhibiting capabilities of liquid smoke
against the growth of microorganisms may have
been due to the corffpts of active compounds

originating from the pyrolysis of wood

and
produce
organic acid compounds such as acetic acid,

constituents  (cellulose, hemicellulose,

lignin). Cellulose and hemicellulose

while lignin produces phenol compounds. The
higher the content of the wood constituents, the
more complex liquid smoke obtained (Pszczola
1995). Contents of active compounds in “Ulin”
liquid smoke are acids, phenolics, alcohol,
ketones, ethers and esters, with acetic acid as the
main active compounds (71.57% of the total
active compounds) (Junaidi e/ a/ 2020). Liquid
smoke of “Ulin” wood also contains a total acid
of up to 8.88% (Junaidi e @/ 2019), which has
antimicrobial properties.

Various concentrations of selected isolate
endophyte  fungi fifgjte (Geolrichum  sp.)
significantly inhibited the growth of P. aryzae
compared with the control. However, there
were no significant differences in inhilgffon
percentages among (2-10%)
(P < 0.05) (Fig. 4).

concentrations
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Lnhibition percentage of Gestrichun sp. APS ﬁltratemcentrations against . oryzae on 1 DAL until 7 DAL

Notes: The bar indicates the standard deviation. Numbers followed by the same letter are not significantly

different based on the Duncan test (P < 0.05).

@ptrichwn sp. AP8 filtrate concentration of
2% was able to inhibit the growth of P. oryzae
grown at 1 DAI up to 7 DAI with inhibition
percentages ranging from 91.8 up to 100%,.
Therefore, the 2% concentration of Gestrichum
sp. AP8 filtrate was chosen for testing the
inhibitory synergism with liquid smoke. This
EFult of Geotrichum sp. APS filtrate is similar to
the results of previous research conducted by
Imaningsih e a/. (2021), which used endophytic
fungi filtrate of “Hiyung” cayenne pepper with a
concentration of 2% for inhibiting pathogen
Colletatrichum capsici at almost 100% inhibition
percentage. Our study also provides better
inhibitory results for the genus Geotrichum
compared to the study of Lalngaihawmi e/ al.
(2019), which tested Geatrichum candidum for
inhibiting P. oryzee with a 068% inhibition
percentage at 7 DAL

Endophytic fungi inhibit pathogen growth
through antffjicrobial compounds (Schulz &
Boyle 2005; Singh ¢/ /. 2021). In our study, t}#
filtrate of endophytic fungi was tested directly to
inhibit the growth of P. onzaee and sggBesstfully
showed high inhibition percentage. Results of
our study showed that the presence of bioactive
substances produced by endophytic fungi has

24

anti-microbial properties against the tested
pathogen. Singh e a/. (2021) stated that bioactive
compounds of endophytic fungi can be alkaloid,
flavonoid, lignan, saponin, quinone, xanthone
and miscellaneous compounds.

Synergism of Liquid Smoke and Endophytic
Fu&i Inhibit P. oryzae Growth

The growth of pathogenic P oryzae was
inhibited by the combination between liquid
smoke concentrations of 0.17% and 0.34% and
Geotrichums  sp.  AP.8  endophytic  filtrate
concentration of 2% with a range of inhibition
percentages from 42% up to 100% on 1 DAI
untl 7 DAL the
percentages of the combination did not differ
significantly among treatment Egpmbinations.
The inhibition percentages of the treatments
were not significantly differgg)when compared
to the control (Fig. 5). A previous study
conducted by Imaningsih ef 4/ (2021) showed
that the concentrations combinations between
liquid smoke of “Ulin” wood and endophytic
Bngi filtrate of “Hiyung” chili significantly
inhibit the growth of pathogen C. capsici

compared to the control.

However, inhibition
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Figure 5 Inhibition percentages of several concentrations combinations between Geotrichunr sp. AP8 filtrate (KE) and
liquid smoke (AC) against P. oryzae on 1 DAI untilm)hl
Notes: The bar indicates the standard deviation. Numbers followed by the same letter are not significantly

different based on Duncan test (P < 0.05).

Based on the results of our study, the
inhibition percentage achieved when combining
liquid smoke and endophytic fungi filtrate was
higher compared to the inhibition percentage of
only using liquid smoke at the
concentration.  The inhibition percentage of
combining liquid smoke and endophytic fungi
filtrate was lower when compared to the
inhibition percentage of only using endophytic
filtrate at the same concentration. During the

same

filtration process, there might still be fungi cells
carried away, due to the pore size of the filter
membrane of 0.45 microns. Hyphae fragments
and spores of Geotrichum sp. AP8  possibly
penetrates the filter pores and grows during the
inhibition process against the pathogens.
Meanwhile, Sayer & al (1969) grouped
Geotrichum sp. into fungi with intermediate spore
size, which size is smaller than tif usual fungi
spores size. It is suspected that the ability of
endophytic fungi filtrate decreased due to the
presence of the carried-away fungi cells during
the filtration process. However, those carried-
away fungi cells died in the presence of the
liquid smoke. This was confirmed by a study
conducted by Oramahi e «/ (2011) as well as
Oramahi and Yoshimura (2013) which showed
that liquid smoke possesses antifungal properties
because it contains phenol, carbonyl and acid
compounds. In addition, acetic acid and
propionate components are able to neutralize

fungi cells and inhibit enzyme activity (Karseno
et al. 2001), Therefore, in addition to inhibiting
the growth of pathogenic fungi, liquid smoke is
also suspected to inhibit endophytic fungi.

CONCLUSION

Liquid smoke of “Ulin” wood and
end@bhytic fungi of “Gogo” rice var. maninjan
has the ability to inhibit the growth of pathogen
P. oryzae. Concentrations of 0.17% to 1.75%
liquid smoke and 2% to 10% endophytic fungi
filtrate showed high inhibition percentage
against pathogen P. oryzae. The test of synergism,
however, did not show an increase in inhibition
percentage. Further research on the inhibitory
ability and the best concentrations of liquid
smoke and endophytic fungi filtrate should be
conducted to provide more protection against
plant pathogens, especially for rice plants.
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