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Abstract. Allelopathic potential of root exudates from edible perennial herbaceous (Canna
indica, Maranta arundinacea, and Xanthosoma sagittifolium) against mycelium of Ganoderma
boninense, basal stem rot pathogen of oil palm has been studied in vitro. Root exudates were
extracted from 10-day old aseptically growing plants generated from surface-sterilized corm or
rhizome on water agar. Allelopathic activity was tested based on inhibition of G. boninense
mycelial growth on malt extract agar supplemented with 0.1 and 1.0 uL. mL "' ethyl acetate extract
of root exudates. Root exudate from X. sagittifolium and C. indica was found to significantly
inhibit the mycelial growth of G. boninense at 0.1 and 1.0 uL mL"', respectively.

Keywords: allelopathy, axenic plant culture, Ganoderma boninense, perennial herbaceous, root
exudates.

1. Introduction

Ganoderma boninense Pat. is main pathogen of basal stem rot (BSR) that causes widespread
economically losses on oil palm plantations in South East Asia. The prevalence increases as increasing
replanting generation. It has been estimated that yearly growth rate of area affected by BSR from 1994
to 2009 in Malaysia was 10.3% [1]. Yield losses caused by basal stem rot are both directly due to
reducing number of harvesting palm and indirectly attributable to decreasing weight of harvested fruit
bunches. Ganoderma infection can cause a reduction of fresh fruit bunches yield by 0.04—4.34 tons/ha
on 10-20 years planting respectively [2].

Numerous species of antagonistic fungi and bacteria have been extensively studied for their ability
to control BSR [3-6]. However, none of the biocontrol agents have been established successfully to
control BSR of oil palm in field. Population of introduced microbial antagonist such as Trichoderma are
rapidly depleted following application [7]. In contrast to short-term protection by microbial antagonists,
G. boninense produces a pseudosclerotia like-structure on infected tissue that resists from chemical and
biological degradation [8]. Ganoderma spp. could survive 90% over 2 years on colonized wood in soil
[9]. Repeated applications of biocontrol products are necessity to achieved protection from infection,
and therefore, frequent freatments are not economically accepted for routine field practices. Long-term
survival and continuously active antagonistic organisms are potentially developed to control such long-
term survival strategy of BSR pathogens.

Home gardens are prominent feature of traditional tree growing practices in Indonesia that are usually
undergrowth by edible non-woody plants such as edible canna (Canna indica), arrowroot (Maranta
arundinacea), and taro (Xanthosoma sagittifolium). The herbaceous plants undergo perennial life cycle
by producing rhizome and corm. The plants have an extensive root system and therefore can secrete
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metabolite containing exudates that may influence survival and growth of soil pathogens. Suppression
activity of those perennial herbaceous against wood decay fungi has been studied on Rigidoporus
microporus, a white root rot pathogen of rubber tree. Viability and growth of rhizomorph colonizing
rubber wood block was suppressed after buried for 90 days in soil planted with herbaceous plants [10].
Our recent study suggested an interference of G. honinense mycelial colonization exposed to exudates
collected from the herbaceous plants (edible canna, arrowroot and taro Xanthosoma) growing under non-
aseptic condition [11]. However, direct exudate effects could not be determined when the exudates
extracted from plant under non-aseptic condition as potentially interfering with other metabolites
secreted by root colonizing-microorganisms. This study examines antagonistic activity of root exudates
extracted from aseptically growing three herbaceous (edible canna, arrowroot and taro Xanthosoma)
against G. boninense.

2. Materials and Methods

2.1. Ganoderma culture

Ganoderma boninense isolated from pileus context tissue of basidiocarp growing on basal stem rotted
oil palm was used through study. Identification has been done based on DNA sequence analysis of the
ITS region. Mycelium was maintained on 2% MEA and incubated in darkness at room temperature
(24-27 °C) [12].

2.2. Aseptic plant-growth condition and roaot exudate extraction

Indian shot (Canna indica) rhizome, arrowroot (Maranta arundinacea) thizome, and taro (Xanthosoma
sagittifolium) corm were collected from home garden in South Sumatera. Aseptic root exudates were
extracted from aseptically growing plants generated from surface-sterilized corm or rhizome on 3%
water agar following procedure described by Schalchli et al. [13] with slight modifications. Corm and
rhizome were washed and gently scrubbed under running tap water to remove outer peels, adhering roots
and soils. Cleaned corm and rhizome were then surface sterilized by soaking for 5 min in 0.25 g L*!
benomy! and then followed by 5 min dipping using 0.75% hydrogen peroxide for 5 min. Corm or
rhizome were then planted on 3% water agar in a transparent glass jar (11.5 cm diam. and 12.5 cm
height) and placed in a growth room (24—27 °C, 45-58% RH, 1500 lux). Sprouting corms or rhizomes
with vigorous root and shoot growth that free from contamination were selected for exudate extraction.
After 10 days of incubation, all plant parts were removed from water agar. Water agar was macerated
with 1x volume ethyl acetate and incubated for 24 hours. Macerated solution was then filtered and
concentrated under reduced pressure using a rotary evaporator at 4060 °C. Ethyl acetate extracts were
transferred to amber glass vials and stored at —20 “C until used.

2.3. Fungicidal activity assays

Ethyl acetate extracts of herbaceous root exudates (C. indica, M. arundinacea, and X. sagittifolium) were
evaluated in two concentration, 0.1 and 1.0 pL of extract per mL of culture medium. MEA (2%) in 9
mm diameter Petri plate was used for culture medium and extracts were added after autoclaving. MEA
plate containing 0.1 and 1.0 pL/mL ethyl acetate were used as control. Assay was performed in five
replicative plates and arranged in a randomized complete design. Mycelial disks (5 mm diameter) taken
out from 5-day-old G. boninense culture were planted in the centre of plates prepared with tested
extracts. Fungi were incubated at 27 °C until the control reached the edge of the plate. Fungal growth
was measured daily based on colony diameter and data were expressed as mycelial growth rate (mm
day™) derived from slope of linear regression between colony diameter (y axis) and days of incubation
(x axis) [14].

2 4. Data analyses

Colony diameter and its growth rates between different concentrations were analysed using one-way
analyses of variance and compared using Tukey's honestly significant test. Analyses were applied using
the packages Remdr and Agricolae for R version 3.6.1 (R Foundation for Statistical Computing).

[¥]
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3. Results

Marked inhibition of G. boninense mycelial growth was observed on MEA supplemented with X.
sagittifolium root exudate at both applied concentrations (0.1 and 1.0 uL. mL"). G. boninense produced
smaller colony with dense irregular aerial mycelium. Inhibition of colony growth was also found in C.
indica root exudate treatment, but colony diameter was greater than that of X. sagittifolium root exudate
treatment. Root exudate of M. arundinacea showed a slight growth inhibition on colony growth of G.
honinense. Mycelial growth of tested fungus was not affected on MEA containing both ethyl acetate
concentrations (0.1 and 1.0 uL mL ") by producing a uniform pattern of aerial mycelium (Figure 1).
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Figure 1. Colony of Ganoderma boninense on malt extract agar supplemented with ethyl acetate
extracts of herbaceous plant root exudates. Root exudates were extracted from 10-day old aseptically
growing plants generated from surface-sterilized corm or rhizome on water agar.

Growth inhibition was started to observe for 3 days after incubation as measured by a significantly
smaller colony for X. sagittifolium root exudate compared to that of ethyl acetate control. All treated
exudates, except exudate of M. arundinacea caused colony growth retardation at 5 days after incubation.
Following incubation for 6 and 7 days, inhibition on colony diameter was observed on treatment with
all concentration of X. sagittifolium exudate and C. indica at 1.0 pL. mL, but no substantial inhibition
on treatment with exudate of M. arundinacea (Figure 2).

Effects of root exudates on growth of G. boninense was also demonstrated based on growth rate of
colony. G. boninense colony showed a reduced growth rate on MEA supplemented with root exudates
of X sagittifolium and C. indica compared to those on ethyl acetate-supplemented medium. X
sagittifolium inhibited growth rate of fungal colony at both applied concentrations (0.1 and 1.0 pL mL-
"y whereas C. indica suppressed fungal growth when applied at a higher concentration (1.0 uL mL™).
Root exudates of X. sagittifolium suppressed growth of G. boninense by 32.2 and 30.1% at concentration
0.1 and 1.0 uL mL"!, respectively, while C. indica inhibited fungal growth by 28.1 % at concentration
1.0 uL mL"' relative to growth rate on control ethyl acetate-supplemented medium. Supplementation of
medium with 0.1 pL mL" M. arundinacea resulted in 17.6% growth retardation, but statistically was
not significant (Figure 3).
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Figure 2. Development of Ganoderma boninense colony on malt extract agar supplemented with ethyl
acetate extracts (expressed in uL mL™) of herbaceous plant root exudates. Bars are means +SEM of
five replicate plates. For each day of incubation time, bars with different letters are significantly
different (p< 0.05) according to the Tukey HSD test.
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Figure 3. Growth rate of Ganoderma boninense colony on malt extract agar supplemented with ethyl
acetate extracts (expressed in uL. mL') of herbaceous plant root exudates. Error bars represent
standard error of mean from five replicate plates. Bars are means + SEM of 5 replicate plates; bars
with different letters are significantly different (p< 0.05) according to the Tukey HSD test.

4. Discussion

In this study, we demonstrated the antifungal activity or allelopathic inhibition of herbaceous plant root
exudates that were extracted from an axenic culture system on G. honinense, basal stem rot pathogen of
oil palm. All three extracted root exudates had ability to suppress mycelial growth of G. boninense with
X sagittifolium that exhibited the strongest antifungal activity. Little information was available on direct
fungitoxicity of axenic culture-derived root exudates of X. sagittifolium, C. indica, and M. arundinacea
or even from other species of the three plant genera. Most fungitoxicity assays used rhizome extracts
rather than root exudates to evaluate antifungal activity of those herbaceous plants. Water extract from
X sagittifolium corm has been demonstrated to have a weak antifungal activity against Fusarium sp.
[15]. Strongly antifungal activity of X. sagittifolium has been reported from aqueous extract of X
sagittifolium leaves against human fungal pathogens Candida albicans, Trichophyvton rubrum and
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Cryptococcus neoformans [16]. Extracts from rhizome of C. indica also have been revealed to have an
antimicrobial activity. Essential oils with terpene/terpenoid constituents extracted from C. indica
rhizome has shown to have a moderate inhibitory activity against the Gram (+) bacteria, Staphyvlococcus
aureus and Bacillus substilis [17]. Further antimicrobial assay by George [ 18] suggested the moderate
antifungal activity of those essential oils from C. indica rhizome against Aspergillus niger, Candida
albicans, Fusarium oxysporum, Rhodotorula sp., and Trichoderma viride. Organic extracts from
rhizome of M. arundinacea have been analyzed to contain 49 phytochemical compounds belong to
flavonoids, alkaloids, tannins, glycosides, steroids, phenols and saponins [ 19], but have not been known
to have antifungal activity.

The chemical nature of allelochemicals present in the root exudates was not determined. However,
the literature described trypsin inhibitors present as allelochemicals in root exudates of X. sagittifolium
[20] that may function to suppress the growth of root rot fungi. A trypsin inhibitor secreted by roots of
the medicinal herb, Pseudostellaria heterophylla could inhibit growth of the phytopathogens,
Colletotrichum gloeosporioides and Fusarium oxysporum [21]. C. indica roots secreted a high
concentration of allelochemical organic acids and have been reported to play in inhibition against the
blue-green algae Microcystis aeruginosa [22-23]. Hydroalcoholic extracts of C. indica roots and
rhizomes have been detected to contain 3'-hydroxytrimethoprim and 3,7-epoxycaryophyllan-6-one [24]
are usually fungitoxic.

Allelopathic and fungicidal activities of root exudates against G. boninense as described in vitro in
this study may also operate in field soil. In a field soil trial, burying of rubber wood block colonized by
G. boninense into roots of taro plants had induced in 2.1 times higher the wood decomposition [25].
Allelopathic activities had been considered to be associated with reduction in rhizomorph viability and
growth of R. microporus colonizing rubber wood blocks buried closely to X. sagittifolium, C. indica, or
M. arundinacea [10]. Further study is needed to determined antifungal activity of those perennial
herbaceous under soil infiltration assay. For example, amongst aqueous rhizome extracts of Curcuma
domestica (turmeric), C. xanthorrhiza (wild ginger), Zingiber officinale (ginger), Alpinia galanga
(galangale), and Sansevieria trifasciata (snake plant) that had in vitro antifungal activities, only C.
domestica and A. galangal exhibited inhibition activity under soil infiltration assay [26]. Once positively
determined in soil assay, organic rhizome extracts of C. domestica was able to slightly reduce disease
caused by R. microporus in a pot assay [27].

5. Conclusion
Root exudates derived from axenically growing taro Xanthosoma and edible canna exhibited allelopathic
inhibition on mycelial growth of G. boninense.

Acknowledgments

This research was financially supported by the Directorate of Research and Community Service,
Ministry of Research and Technology/National Research and Innovation Agency of the Republic of
Indonesia through the Basic Research Program 2021 (No.150/SP2H/LT/DRPM/2021).

References

[1] Merciére M, Boulord R, Carasco-Lacombe C, Klopp C,Lee Y-P, Tan J-S, Alwee S SR S, Zaremski
A, de Franqueville H, Breton F, Camus-Kulandaivelu L 2017 Fungal Biol. 121 52940

[2] Roslan A, Idris A S2012 OPIEJ 12 24-30

[3] Susanto A, Sudharto P, Purba R 2005 Mycopathologia 159 153-7

[4] Izzati M Z, Abdullah F 2008 Plant Prot. Sci. 44 101-7

[5] Ramli N R, Mohamed M S, Seman I A, Zairun M A, Mohamad N 2016 Sains Malays. 45 401-9

[6] Ramli N, Seman [ A, Zairun M A, Mohamed M S, Sebran N H 2018 Int. J. Pure Appl. Math. 118
1-22

[7] Meon S 2003 Oil Palm Bulletin 47 1-5

[8] Rees R W, Flood J, Hasan Y, Potter U, Cooper R M 2009 Plant Pathol. 58 982—9




2nd International Conference on Tropical Wetland Biodiversity and Conservation T0P Publishing
I0OP Conf. Series: Earth and Environmental Science 976 (2022) 012053 doi:10.1088/1755-1315/976/1/012053

9] Chang T 2003 Plant Dis. 87 1201-4

10] Yulianti S, Suwandi S, Nurhayati 2017 J. Fitopatol. Indones. 1381-8

11] Rahmadhani T P, Suwandi S, Pujiastuti Y 2018 Biovalentia 4 1-4

12] Kok SM, Goh Y K, Tung HJ, Go HK J, Wong W C, Goh Y K 2013 Malays. J. Microbiol. 9 33—
42

[13] Schalchli H, Pardo F, Hormazabal E, Palma R, Guerrero J, Bensch E 2012 .J. Soil Sci. Plant Nutr.

12 329-37

[14] Suwandi S, Akino S, Kondo N 2017 Mycology 9 20-8

[15] de Brito J C S K, Junior Oda R L, da Silva VG, Siqueira A K 2018 Revista Eletrénica Cientifica
da Uergs 4 734-42

[16] Schmourlo G, Mendonga-Filho R R, Alviano C S, Costa S S 2005 .J. Ethnopharmacol. 96 563-8

[17] Indrayan A K, Bhojak N K, Kumar N, Shatru A, Abhishek A 2011 Indian J. Chem. 50B 1136-9

[

[

—~—r———

18] George J 2014 IJLSER 2 65-8

19] Nishaa S, Vishnupriyva M, Sasikumar J M, Gopalakrishnan V K 2013 Res. J. Pharm. Biol. Chem.
Sci. 4 52-9

20] Bradbury J H, Hammer B C 1990 J. Agric. Food Chem. 38 1448-53

21] Cai X, Xie X, Fu N, Wang S 2018 Molecules 23 2388

22] Liu X Y,FuH Y, Huang G H, Chai T, Gao P F, Wu Y C 2015 Environ. Eng. 95 769-774

23] Chai T, Zhu H D, Yan H Z, Zhao D, Liu X Y, Fu H Y 2018 [IOP Conf. Ser.: Earth Environ. Sci.
146 012047

24] Kumbhar S T, Patil S P, Une H D 2018 Biochem. Biophys. Rep. 16 50-5

25] Alesia M, Suwandi S, Suparman S 2021 Sainmatika 18 108-15

26] Silva M K R, Jayasinghe C K, Tennakoon B I 2017 JRRISL 94 25-32

27] Kusdiana A P J, Munir M, Suryaningtyas H 2016 Warta Perkaretan 35 25-36

—r———

—_——r——




Allelopathic potential of root exudates from perennial
herbaceous plants against Ganoderma boninense

ORIGINALITY REPORT

11. . 1%«

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

MATCH ALL SOURCES (ONLY SELECTED SOURCE PRINTED)

4%

* Raed Mohammed Khalaf Al-Zaid, Eman J. Al-Attar,
Mayson Thafir Hadi. "Detection of Mineral and
Microbial Contaminants in some Types of Imported
Meat", IOP Conference Series: Earth and
Environmental Science, 2023

Publication

Exclude quotes On Exclude matches <1%

Exclude bibliography On



