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ORIGINAL ARTICLE ABSTRACT

The antagonistic potential of rhizobacterial
isolates collected fromginger (Zingiber officinale
Rosc) cultivated soils and forest soils against the
ginger rhizome rot pathogen Pythium myriotylum
was assessed. 24 rhizosphere soil samples (16 from
ginger growing tractsand 8 fromforest area) were
randomly collected from different locations of
Wayanad, Kozhikode and Pathanamthitta
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pathogen. They were further characterized by
molecular traitsin vitro and identified that higher
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Bacillus subtilis (BA-51) and Bacillus
amyloliquefaciens (BA-276) expressed higher
production of salicylic acid and siderophore and
in other tests viz., the production of HCN, [AA,
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ammonia, volatile organic compound, nitrogen fixation and phosphate sol ubilisation showed positive
trends. Pot culture experiment to assess the disease suppressing and growth promoting effect of these
two promising antagonistic rhizobacterial isolates and reference culture, revealed that BA-51 with
pathogen (T4) and BA-276 with pathogen (T6) registered markedly higher tiller production (14.3 nos.
and 14.1 nos. respectively), lower disease incidence (32.69% and 33.19% respectively) and greater
rhizomeyield (19.79g pot-1 and 19.29g pot-1, respectively), while absol ute control and control registered
the lower tiller production (8.4 nos. and zero respectively), maximum rhizome rot incidence (44.78%
and 100% respectively) and lower rhizome yield ( 16.49g pot-1land 0.0g pot-1, respectively). Plant
growth promoting rhizobacteria (PGPR), Bacillus subtilis (BA-51) and Bacillus amyloliquefaciens (BA-

276) could be good alter native for growth promotion and management of rhizomerot diseasein ginger.

KEY WORDS
Zingiber officinale Rosc, Plant growth promoting rhizobacteria, Pythium myriotylum, Rhizome
rot, Bacillussubtilis, Bacillusamyloliquefaciens.

INTRODUCTION

Ginger (Zingiber officinale Rosc. Family: Zingiberaceae) isaherbaceous perennid monocotyl edonous
tropica spicecrop, therhizomes (underground stem) can be used as both spicy vegetableand medicine. The
key componentsof ginger includesgingerols, shogaols, essentid ails, oleoresin, carbohydrates (12.3%), fibre
(2.4%), proteins (2-3%), fats (0.9%) andisgood source of vitamins, mineralsand traceelements, thesegives
itsdigtinct flavour, aroma, pungency and medicind value (Mahender et al., 2015; Zhang et al., 2023).

Theginger plantsareddlicate succulent herb and succumb easily to different diseasesviz., rhizomerat,
leaf spot, bacteria wilt, fusariumwilt, stem rot, mosaic and storagerot (Leet al., 2016; Zhao et al ., 2023).
Among these, rhizomerot (soft rot) caused mainly by Pythiummyriotylum Drechder isthemost destructive
invarious stagesof itsgrowth and most damaging diseases of ginger globally, causing crop losses of 50-100%
inthemgjority of ginger producing nations (Varghese and Thomas, 2023). The diseasel ossescan belimited
to acertain extent by applying antibioticsand copper-based chemical fungicides. But excessiveand improper
usesof theseinorganicinputs have caused in del eterious ecol ogical and health problems (Randeep et al .,
2019). Soil microbid diversity isintimately connected to the health and productivity of plant cropsincluding
ginger (Liuetal.,2017). Inbiological plant disease control packages, by using thissoil microbid diversity can
reduce the detrimental impacts of chemical pesticidesinthe ecosystem. Asaresult, agroup of beneficial
bacteria called as “plant growth promoting rhizobacteria’ (PGPR) are being studied as potential agents for the
biological control of plant diseases and plant devel opment without endangering mother nature. They are
known to reduce disease through avariety of mechanisms (Karthikaet al., 2020; Riaz et al ., 2021) and a so
act ashiostimulantsto increase growth of different plant parts (Hamid et al ., 2021). Studies have shown that
plant growth bacteriahad positiveresults on fruitsproduction (Kavino et al., 2010), vegetabl es production
(Kurabachew and Wydra, 2013) and significantly decreased the severity of pepper root rot disease (Dinesh
etal., 2014). Itisawell-known fact that native strains of bio control agents are more effective and have
potentid to control the plant diseasethan the introduced strains. Hence, the obj ective of the present Sudy was
to screen nativerhizobacteria isolatesfor devel oping an eco-friendly efficient rhizomerot disease management
strategy for ginger cultivation.

Materials and Methods

Atotal of 24 rhizosphere soil sampleswererandomly collected for thisstudy, inwhich 16 soil samples
were collected from therhizosphere of healthy ginger plantsfrom major ginger growing tracts of Wyanad
(Meenangadi panchayath), Kozhikkodu (Balussery and Changaroth panchayaths) and Pathanamthitta
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(Naranganam panchayath) districtsof Keraa, Indiaand four sampleseach from the rhizosphere soilsof other
members bel onging to family Zingiberaceaewere collected from Muthangaforest areaof Wayanad district
and Ranny forest areaof Pathanamthittadistrict. Theenumeration of bacteria coloniesfrom collected rhizosphere
soil samplewerecarried out by using serid dilution pour plate method (Johnsonand Curl, 1972). Thebacterid
colonies developed on the nutrient agar and King’s B agar plates were counted and calculated using the
followingformula

No.of colonies developed on agar plates X dilution factor

No.of colonies(cfu/g of soil) = Wt of canpls

Plateswith higher colony forming units (CFU) va ueswere subcultured and purified for bacterid isolates.
Theisolateswereidentified by morphol ogical and biochemical features and was confirmed by as per the
procedures suggested in Bergy’s Manual of Systematic Bacteriology and 28 distinct bacterial isolates were
selected for the studly.

Theinvitro antagonistic effect of theseisolates against Pythium myriotylum (pure culture dlant was
purchased from ICAR - [ISR, Kozhikkodu), wastested by dual culture method (Johnson and Curl, 1972).
From this preliminary screening, fifteen bacterial isol ates showed antagonistic activity in varied rangesand
weretested againindividualy by dual plate method. For thisthe bacteria isolateswere streaked evenly over
petri plate media(containing equa quantity of PDA+NA/KB) at adistance of 30 mm from the border of 90
mm petri dish. By using sterile Cork borer a5 mm disc of actively growingP. myriotylum pureculturewas
placed on the opposite side of the bacteria streak 30 mm away from the edge of the petri dish. Three
replicationswere maintained for each isolatesand plateswith pathogen alonewas served asthe control.
Plateswereincubated at room temperature, until theleading edge of fungusin the control platereached the
edge of the plate. A reference culture of Pseudomonas fluorescens (PGPR I1) from KeralaAgricultural
University wasa so examined for itsability to havean antagoni sticimpact on the pathogen. Fungal mycelium
radial growth was evaluated, and the percentage of inhibition was compared to the control using the
formulap1 = [c — T/C] x 100 Where, Pl = Percentageinhibition, C = Radial growth of the pathogenin
control plate (mm) and T= Radia growth of the pathogenindual culture (mm).

Molecular identification onthebas sof genesequenceanaysisof eight bacterid isolateswith antagonistic
activity (>60%) invitro, weredonefor further confirmation. Bacteria isolateswereidentified by 16SrDNA
catd oguing using universa primersand phyl ogenetic treewas congtructed using BasicLoca Alignment Search
Tool (BLAST). To study the mechanism of biocontrol/growth promoting ability of theisolatesfollowing tests
were carried out viz., salicylic acid production, siderophore production, HCN production, production of
indole acetic acid, production of ammonium, nitrogen fixation, volatile organic compound production and
phosphate sol ubilisation (Wahyudi et al., 2011).

Two potentia bacteria isolatesviz,, BA-51 and BA-276 were sel ected for further eval uation based on
itsmechanism of action and antagonism againgt the ginger rhizomerot pathogen Pythiummyriotylum. A pot
culture experiment in completely randomi zed design with 10 replicationswaslaid out, to assesstheefficiency
inreducing disease and enhancing plant growth of two sdl ected antagoni stic rhizobacteriain comparisonwith
reference culture of Pseudomonasfluorescens (from KeralaAgricultural University) at ICAR —Krishi Vigyan
Kendra, CARD, Pathanamthitta, Kerda(L atitude 9.355922° and L ongitude 76.675045°). Theeight experiment
treatments included T1 - Absolute Control (without any treatment), T2 — Control (pathogen alone), T3 - BA-
51 (ST+DS5times), T4 - BA-51 (ST+DS 5times) +Pathogen, T5 - BA-276 (ST+DS5times), T6 - BA-
276 (ST+DS 5times) +Pathogen, T7 - Pfl (ST+DS 5times), T8 - Pfl (ST+DS 5times) +Pathogen, where
BA- Bacterid isolates, Pfl- Pseudomonas fluorescens, ST- Seed treatment, DS-Drenching and spraying,
Path.-Pathogen. Each cement pots of capacity 18kg were filled with sieved (<2 mm) and sterilized (by
forma dehydefumigation) 15kg potting mixture containing soil, sand and farmyard manureintheratio 1:1:1.
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Single ginger seed rhizome, var. Mahima (25g) with at |east two sprouted buds soaked in respectivetalc
based 2% rhizobacterial suspensions (x10’cfuml™) for 1 hoursand | ater shade dried for oneday was used
for planting pot . Booster doses of each 2% rhizobacteria (x10°cfu ml™) wasgiven assoil drench andfoliar
application at 20, 40, 60, 80 and 100 days after planting (DAP) @ 1 lit. pot. On 75 DARP, the soft rot
caus ng pathogen (P. myriotylum) multipliedin rice bran sand mixturewas challenge inocul ated at the root
zoneof theginger plants @5g kg soil of respective pots. All the cultural and agronomical operationsexcept
fungicidal application werecarried out at appropriatetimes asper Package of Practices Recommendations:
Crops 15’ (Ed.) of KeraaAgricultural University (KAU, 2016). Observations on number of tillers(at 2
MAP, 4 MAPand 6 MAP), rhizomerot incidence (at 150 DAPand 180 DAP) and rhizomeyidld pot* were
recorded. Datawas analysed with ANOVA using OPSTAT.

Results

Soil samplesfromforest areas showed significantly higher bacteria load (M uthangaforest areashowed
higher CFU than Ranny forest) than nonforest soil. Thesoil sampleswith highest bacterial load of forest area
were subcultured and twenty el ght rhizobacteria colonieswereisolated. Theseisolateswere subjected to
morphological and biochemical anaysesand genericlevel identification was performed. Therhizosphere
bacteriafound to belong 9 generaviz, Bacillus(7 nos.), Pseudomonas (6 nos.), Serratia (3 nos.), Citrobactor
(3 nos.), Burkholderia (2 nos.), Klebsiella (2 nos.), Enterobacter (2 nos.), Arthrobacter (2 nos.) and
Micrococcus (1 no.) (Fig. 1). Theantagonistic capacity of the 28 isolates along with reference culturewere
tested and sixteenisolates showed zone of i nhibition (incl uding reference culture) towardsrhizomerat pathogen
Pythiummyriotylum. Among these, 8 isolated bacterial species exhibited > 60% of antagonistic effect. In
which Bacillus sp. BA-51 shows maximum antagonism (79.3%) followed by BA-276 (78.87%) (Table1).

Eight rhizosphere bacteriawith strong antifunga property were sdected for molecular identification by
16SrDNA sequencing method. The sequence datawere subjected to BLAST analysis, inwhich BA-51
showed 99% identity to Bacillus subtilis (Accession Number MH794233.1) and BA-276 showed 99%
identity to Bacillusamyloliquefaciens (Accesson Number KY 777346.1) (Table 2). Thedifferent mechanism
traitstowardsbiocontrol/growth promoting ability of bacterial isolatesindicatesthat, among eight isolates,
Bacillussubtilis (BA-51) and Bacillusamyloliquefaciens (BA-276) showed higher production of salicylic
acid and siderophore and al so exhibited positive trendsto production of HCN, IAA, anmonia, volatile
organic compound, nitrogen fixation and phosphate solubilisation (Table 3).

Thepot culturestudy reveal ed that highest tiller production was exhibited by T, (P. fluorescens) and
maximum at 6 MAP (Table4). After four and six months of planting, sametrend intiller production was
observedi.e., maximumin T, (P. fluorescens) followed by T, (B. subtilis- BA 51), T, (P. fluorescens +
Pathogen), T, (B. amyloliquefaciens - BA 276), T, (B. subtilis - BA 51 + Pathogen) and T, (B.
amyloliquefaciens - BA 276 + Pathogen). At 6 MAP, control plants (T,) were found to be completely
destructed dueto rhizomerot. Inall growth periodsall the antagonistic treatmentsrecorded increaseintiller
production over absolutecontrol (Fig. 2).

For the evaluation of disease suppression effect, rhizomerot diseaseincidencewasrecorded. At 150
and 180 daysafter planting (DAP) asimilar trend of infectionwasrecorded and with least disease incidence
in T, (P. fluorescens). The treatments T, T, and T ie., pathogen untreated plants also showed disease
incidence(Table5). All thebacteria antagonistic trestments exhibited adecreasing diseaseincidence tendency
in respect of growth periods. But T, (Absolute control) and T, (Control) expressed increasing tendency. At
150 and 180 DAR T,and T, wereat par and T, and T also were at par. Dueto rhizomerot attack 100%
diseaseincidencewerenoticed inal control pots. Diseaseincidence percentage over control in pathogen
inoculated treatmentsie., T,, T, and T, at harvest stage were-73.1%, -66.81% and -67.31% respectively
(Fig. 3).
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Treatments T, (P. fluorescens), T, (B. subtilis- BA 51), T, (B. amyloliquefaciens - BA 276) and T,
(P. fluorescens + Pathogen) wereat par regarding rhizomeyield (231.11 g plant?, 229.81g plant?, 224.11g
plant* and 219.51 g plant™ respectively). In control potsall the rhizomeswere demolished by rhizomerot
(Table6). The selected bacterial antagonists along with pathogen treatmentsie., T, and T, also exhibited
goodyield potentid.

Discussion

Nativebacterid isolatesarefound to be effectivein preventing ginger rhizomerot, leading to enhanced
growth attributes. 28 bacteria isol ateswere obtained from 24 rhizosphere soil samplesand mgjority belongs
to Bacillus generaand 8 of them exhibited > 60% in vitro antagonistic effect against ginger rhizomerot
pathogen Pythiummyriotylum. Thisinhibition effect may be dueto the production of avariety of antimicrobia
compoundsthat cause cytolysis, potassium ion leakage, membranedisruption, inhibition of mycelia growth,
inhibition of spore germination, and protein biosynthesis(Quan et al., 2010; Yuan et al., 2012; Dineshetal.,
2015).

Ginger plants treated with the three bacteria isolates viz., BA-51, BA-276 and Pseudomonas
fluorescens produced s gnificantly more number of tillersthan the controls. Theinfluencewas more profound
duringthelater stagesof growth. Thebetter growth attained by thetreated plants can beattributed to nitrogen
fixation, phosphate solubilisation, release of organic nutrientsand plant growth regulatorslikel AA by these
bacteria isolates(Islam, 2018). Similar other results on growth promotion by PGPR in cropssuch asground
nut (Goswami et al., 2014), Bt-cotton (Kumar and Gera 2014) and ginger (Dinesh et al., 2015) were
reported.

Incidence of varying degrees of rhizomerot pathogen infection wasnoted inall thetreatments of the
present study. Compared to control pots, treatment with these bacteria isolates, BA-51 and BA-276 exercised
higher degree of disease suppression towards harvesting stage of the crop. The rhizobacterial isolates’ inhibition
can berelated to theformation of secondary metabolites such asHCN and NH,,, that control phytopathogens
or by competing for colonization sites, nutrients, antibiotics, salicylic acid and siderophores (Bhattacharyya
and Jha, 2012). In previous studies, Bacillus spp. has been shown theahility to prevent bananaand cucumber
fusariumwilt (Yuanetal., 2013; Xu et al., 2014).

Thefresh ginger yield was highest in potstreated with P. fluorescensfollowed by BA-51 and BA-
276.Thiscan beattributed to the ability of Bacillusspp. to promote growth by enhancing the biocavail ability of
nutrientslike phosphorusand zinc, fixing aimospheric nitrogen, sequestration of iron through siderophores,
ACC deaminaseand production of phytohormones(Bareaand Richardson, 2015, Sansinenea, 2019). Studies
have shown that PGPR had positiveresults on vegetabl esproduction (Zaidi et al., 2015) ginger production
(Dinesh et al., 2015) and flowers production (Lyu et al., 2022).

CONCLUSION

Thenative bacterial isolates, Bacillussubtilis (BA-51) and Bacillusamyloliquefaciens (BA-276)
showed significant inhibition effect against Pythiummyriotylumand can be used as aprophylactic agent for
ginger cultivation. Both the selected i sol ateshave significant PGPR effect too, whichiswell evident withthe
decreaserate of diseaseincidence, increased tiller production and yield. Hence Bacillus subtilis (BA-51)
and Bacillusamyloliquefaciens (BA-276) arerecommended for wider studiesand experimental field usage
inorder to get better yield and prevent ginger rhizomerot.

April to June 2023  www.shodhsamagam.com
ADouble-blind, Peer-reviewed and Referred, Quarterly, Multidiciplinary and
Multilingual Research Journal

Impact Factor 560

SIIF (2023): 7.906



ISSN : 2581-6918 (E), 2582-1792 (P)
Year-06, Volume-06, |ssue-02

SHODH SAMAGAM

Alex John, PunnenKurian
Page No. 556 - 565

Table1: Detailsof soil samplesand % of inhibition of selected bacterial isolates (n=72)

. ' Name of Bacterial % of Inhibition of
District Fidd Isolates Bacterial Isolates
Wayanad F?eld:-l Muthanga Fprest Area BA-51 79.300+0.536
Field:-2 Meenangadi BA-97 62.467+0.669
' BA-121 68.200+0.059
Kozhikode | 'di-1 Balussery BA-147 67.200+1.457
Field:-2 Changaroth BA-154 68.400+0.361
' Field:-1 Naranganam BA-222 64.800+0.473
Pathanamthitta BA-251 65.267+1.212
Field:-2 Ranny Forest Area BA-276 78.870+0.493
Reference Culture of
BA - Bacterial Antagonist, KAU (P.l) 83.033:0.177
KAU - Kerala Agricultural University CD 2.341
SE(m) +0.833

Table2: Summary of identification of rhizosphiricisolatesobtained inthe study by 16srDNA sequence

based onblast andysis
Code of the Closest NCBI
Sl.no. | rhizosphiric match with Percentage Isolates identified
. . of identity
isolates accession number
1 BA-7 MH760804.1 99 Pseudomonas aeruginosa
2 BA-51 MH794233.1 99 Bacillus subtilis
3 BA-92 MH746068.1 99 Pseudomonas aeruginosa
4 BA-222 KU937375.1 96 Citrobacter freundii
5 BA-227 KC465728.1 98 Bacillus subtilis
6 BA-240 MF682011.1 99 Pseudomonas azotoformans
7 BA-251 MH767054.1 99 Klebsiella variicola
8 BA-276 KY777346.1 99 Bacillus amyloliquefaciens
Table 3: Mechanismof biocontrol of native bacterial strains
Sal‘,;gﬂ ic Siderophore Ammonia Volatil
. production production olaiile
Rhizobectaial | -P1oeton HON | AR e Nitogen | organic | (REE,
isolates oD AT OD AT production | production of y fixation compou_nd n
527 nm 440 nm ammonia production
production
Pseudomonas
aeruginosa (BA-7) 0.24 1.362 ) + +t ) + )
Bacillus subtilis 3 +
(BA-51) 0.762 ++ +++ + + ++
Pseudomonas 2.735 +
aeruginosa(BA-92) 0.656 + +t B + B
Citrobacter 2.641 -
freundii (BA-222) 0.538 + + - + -
Bacillus subtilis 2.874 +
(BA-227) 0.712 ++ ++ - + ++
Pseudomonas 2.987 +
azotoformans 0.732 + +++ - + -
(BA-240)
Klebsiella variicola 2.664 -
(BA-251) 0.58 + + - + -
Bacillus 3 +
amyloliquefaciens 0.746 ++ +++ + + ++
(BA-276)

BA - Bacteria Antagonist  HCN - Hydrogen cyanide
+++ Highintengty (3) ++ Moderateintensity (2)
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Table4: Effect of selected rhizobacteria antagonistson number of tillers/plant of ginger plantsin pot

culturestudy

Treatments 2 MAP* 4 MAP* 6 MAP*
T1 1.300+0.153¢ 5.500+0.224° 8.400+0.452¢
T> 1.200+0.133¢ 1.500+0.153" 0.0000.000f
Ts 2.000+0.167° | 9.500+0.342% | 14.600+0.371®
Ta 2.00+0.167° 8.100+0.348%%€ | 14.300+0.423%
Ts 1.800+0.249° | 8.500+0.342°¢ | 14.300+0.423%¢
Ts 1.800+0.249° | 7.600+0.427% | 14.100+0.547«
Ty 2.300+0.260?2 9.800+0.490? 14.900+0.4822
Ts 2.200+0.2607 | 8.700+0.335% | 14.600+0.452%

C.D. 0.638 1.017 1.292

SE(m)+ 0.227 0.362 0.460

MAP: Month after planting. * Mean of tenindependent observations. Figuresin acolumnfollowed by the

same al phabet doesnot differ significantly (Pd-0.05).

Table5: Effect of selected rhizobacteria antagonists on diseaseincidence (%) on ginger plantsin pot

culturestudy
Treatments 150 DAP* 180 DAP*
Ty 44.682+0.964° 44.781+0.966°
T, 100.000+0.000? | 100.000+0.000%
Ts 25.780 + 0.580% | 24.890+0.537°
Ty 33.187+0.716° 32.687+0.705°
Ts 26.881+0.556% | 25.191+0.544¢
Ts 35.086+0.757¢ 33.187+0.716°
T7 25.589+0.552f 22.690+0.489
Ts 27.689+0.597¢ 26.890+0.580¢
C.D. 2.081 0.701
SE(m)+ 0.741 0.249

DAP: Daysafter planting. * Mean of tenindependent observations. Figuresin acolumnfollowed by the
same alphabet does not differ significantly (P-0.05).
Table6: Effect of selected rhizobacterid antagonistsonyield of ginger plantsin pot culture study

*Mean of ten independent observations. Figuresin acolumn followed by the same a phabet does not differ

April to June 2023
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Treatments | Yield (g/plant)*
T1 170.528+3.895°
T 0.000+0.000f
T3 229.810+4.958%
T4 212.514+4.585>
Ts 224.111+4.836%
Te 205.320+4.430%
T; 231.111+4.986°
Ts 219.513+4.736%

C.D. 12.070
SE(m)+ 4.300

sgnificantly (P-0.05).
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FIG. 1 MAJOR GENERA OF RHIZOBACTERIA ISOLATED
FROM RHIZOSPHERE SOIL
Serratia giabswlla : Pseudomonas 6

Enterobactor 2 _

Micrococcus 1 _

Arthrobacter 2 Bacillus 7
Citrobacter 3
Burkholderia 2
Fig. 2 Number of tillers/plant percent over absolute

control - pot culture

m = ® o
R ow 0 s o g @ K g a
8 R = o o 2N RN S oo
7 £ % G o
b HI g 2 =
I I , @ I g 2
T6 B.
T3 B. subtilis _,T4 B- ,TS B, 5 amyloliquefaciens T7 P. fluorescens T8 P. fluorescens
subtilis+Pathogen amyloliguefaciens +Pathogen
+Pathogen
m2 MAP 53.84 53.84 38.46 38.46 76.92 76.92
=4 MAP 72.72 47.27 54.54 38.18 78.18 58.18
u6 MAP 73.8 70.23 70.23 67.85 77.38 73.8
Fig. 3 Disease incidence percent over control - Pot culture

1 Abskite | TaB. T58. e | g T8P.
control T3 B. subtilis | subtilis+Pathog anwloliquefacieiamyloliquefacie ﬂuorest;ens fluorescens
en ns | ns +Pathogen +Pathogen
= 150 DAP -55.318 -74.22 -66.813 -73.119 | -64.914 -74.411 72311
= 180DAP|  -55.219 -7511 -67.31 -74.8 | -6681 -77.3 -73.1
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