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Ahmad Dwi Setyawan <smujo.id@gmail.com> Wed, Sep 22, 2021 at 2:10 PM
To: Ahmad Muslim <a_muslim@unsri.ac.id>

AhmadMuslim:

Thank you for submitting the manuscript, "Host Range Studies of Fusarium oxysporum, the Causal Agent of Seedling
Wilt Disease of Acacia mangium Willd." to Biodiversitas Journal of Biological Diversity. With the online journal
managementsystemthatweareusing, youwillbeabletotrackitsprogressthroughtheeditorialprocessbylogging in to the journal
web site:

Submission URL: https://smujo.id/biodiv/authorDashboard/submission/9450
Username: amuslim

If you have any questions, please contact me. Thank you for considering this journal as a venue for your work.

Ahmad Dwi Setyawan

BiodiversitasJournalofBiologicalDiversity
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1. Bukti konfirmasi review pertama dari reviewer
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[biodiv]EditorDecision
2 messages

Smujo Editors <smujo.id@gmail.com> Wed, Nov 17, 2021 at 1:12 PM
To: Soleha Soleha <soleha057@gmail.com>, Ahmad Muslim <a_muslim@unsri.ac.id>, Suwandi Suwandi
<Suwandi@fp.unsri.ac.id>,SabaruddinKadir<sabar@pps.unsri.ac.id>,RahmatPratama

<rahmatpratama@pps.unsri.ac.id>

SolehaSoleha,AhmadMuslim,SuwandiSuwandi,SabaruddinKadir,RahmatPratama:

We have reached a decision regarding your submission to Biodiversitas Journal of Biological Diversity, "Host Range
Studies of Fusarium oxysporum, the Causal Agent of Seedling Wilt Disease of Acacia mangium Willd.".

Ourdecisionis:RevisionsRequired

ReviewerA:
Comments:
1.Writereferencesaccordingtojournalrules.

* Akond MA, Jahan MN, Sultana N, Rahman F. 2016. Effect of temperature, pH and NaCl on the isolates of
actinomycetes from straw and compost samples from Savar, Dhaka, Bangladesh.Am J Microbiol and Immunol 1: 10-
15.

* Barbosa J, Albano H, Silva B, Almeida MH, Nogueira T, Teixeira P. 2021. Characterization of a Lactiplantibacillus
plantarum R23 isolated from arugula by whole-genome sequencing and its bacteriocin production ability. Int J Environ
Res Public Health 18: 5515.

1. Somelinesareveryconfusingsopleasecorrectthem.

2. Youhaven'twrittenanyreferenceinthetextso,pleaseaddreferencesintext.
3. Pleasecorrectfigure8.Thereshouldbepointnotcomma.

4. Tablel.didnotshowdiseaseincidencesopleasecheckit.

5. Pleasereadpapercarefully.

Recommendation:SeeComments
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2. Bukti konfirmasi revision of manuscript pertama, respon
kepada reviewer dan perbaikan revisi artikel yang di resubmit

BiodiversitasJournalofBiologicalDiversity

@ A-9450-ArticleText-51147-1-4-20211022.doc
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a. muslim unsri <a_muslim@unsri.ac.id> Fri, Nov 26, 2021 at 8:56 AM
To: Smujo Editors <smujo.id@gmail.com>

November26,2021

13/01/2214.36 SriwijayaUniversityMail-[biodiv]EditorDecision

DearEditorinChief
BiodiversitasJournalofBiologicalDiversity

Thank you very much for your email regarding reviewer’s recommendation, suggestion, and revision of
our manuscript. We would like to thank and appreciate for all reviewers’suggestions and corrections.

We have made corrections and some modification according to Reviewer’s revisions. Here, we enclose
revisedmanuscriptwithtrackedchangesandhighlightofthemanuscriptentitled“HostRange
StudiesofFusariumoxysporum,CausalagentofSeedlingWiltDiseaseofAcaciamangium”bySoleha

Soleha, AhmadMuslim,SuwandiSuwandi,SabaruddinKadir,RahmatPratama.

In this opportunity, we would like to re-submit our revised manuscript for publication in Biodiversitas
Journal of Biological Diversity.

Belowisasummaryofourchangesmadeinresponsetothereviewer’scomments.

1. Reviewer’scomment:\Writereferencesaccordingtojournalrules.

* AkondMA,JahanMN,SultanaN,RahmanF.2016.Effectoftemperature,pHandNaClontheisolates of
actinomycetes from straw and compost samples from Savar, Dhaka, Bangladesh.Am J Microbiol and
Immunol 1: 10-15.

* Barbosal,AlbanoH,SilvaB,AlmeidaMH,NogueiraT, TeixeiraP.2021.Characterizationof
Lactiplantibacillus plantarumR23isolatedfromarugulabywhole-genomesequencingandits bacteriocin
production ability. Int J Environ Res Public Health 18: 5515.

Ourresponse: Actually, we have written the refence according to journal rules. We check andrecheck
again, there are a few mistakes as reviewer’s comments. We have revised and changed our manuscript.

2. Reviewer’scomment:Somelinesareveryconfusingsopleasecorrectthem

Ourresponse: Wechangedthesentencesasfollows.

Reviewer’scomment:Introduction, line20: Writetheauthenticityofplant.
Ourresponse: Theauthenticityofplanthasbeenaddedinmanuscript.(p:1,line:19ofrevisedmanuscript)

Reviewer’scomment:Materialsandmethod, line44-45: Rewritethisline.Orremovethisline*
utilised;theywerechosenbecauseapreviousstudy(haddescribedthemasthemostpathogenictoA. mangium”
Our response:We are appreciating for this comment, we agree and remove the sentence. (p: 2, line: 47
of revised manuscript)

Reviewer’scomment:Materialsandmethod,line64: Writetheauthorname,rewriteit“themethod designed by
and modified using a disease index”

Our response:We have rewritten and changed the manuscript with “the method designed by Muslimet
al. (2003a) and modified using a disease index “(p: 2, line: 66)
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Reviewer’s comment: Materials and method, line 76:Correct the name of media “Peptone
PCNBagarmedia”.

Ourresponse: Thenameofmediais‘PeptonePCNBagarMedia(PPA/NashSnyderMedium)”
according toLeslieandSummerell(2006).(p:2,line:77-78ofrevised manuscript)

Reviewer’scomment:Materials and method, line 79:1 can't understand the meaning of this line what do you
want to record “recorded based on the disease severity”. Rewrite it.

Ourresponse: Thechangedhasbeenmadetobe“Thenumberofcolony-formingunits(CFU)of F. oxysporum was
calculated on the basis of fresh weight per gram of sample and grouped according to the diseases severity
level. (p: 2, line: 79-81 of revised manuscript)

13/01/2214.36 SriwijayaUniversityMail-[biodiv]EditorDecision

Reviewer’scomment:Results,figure7.line113:Writetheadvancesymptoms.
Ourresponse:We have changed description of Figure 7 and modified the picture (p: 5, line 131-132 of
revised manuscript)

Reviewer’scomment:Results,line119:This16%diseaseincidencewasnotmentionedintable 1.
Ourresponse:Data of diseases incidence is not shown in the manuscript. We remove the sentence“and
16% incidence (p: 5, line: 138 of revised manuscript)

Reviewer’s comment :Result, line 123 “Although the three isolates had different tefl geneticsequencing,
they had similar virulence patterns”.I removed this line because you did not mentionthe sequencing of
isolates.

Ourresponse: We agree and remove the sentence “Although the three isolates had different tefl genetic
sequencing, they had similar virulence patterns”. (p: 5, line 142 of revised manuscript)

Reviewer’scomment:Results,line140:1can’tunderstandit. Rewriteit.\Whatsamples?

OQurresponse: We change and rewrite the sentence from “Thissame pattern alsooccurred inDI 2 and3,
while no sample was recorded inA.auriculiformis”tobe“This same pattern also occurred in DI 2 and 3,
while no sample was recorded inA. Auriculiformis for DI 2 and 3”. (p: 5, line: 137-138 ofrevised
manuscript).

Reviewer’scomment:Results,line140-141:Ican’tunderstandit. Rewrite it.

OQurresponse: We change and rewrite the sentence to be “In DI 1, the highest population wasrecorded in
F. moluccana andL. leucocephala, whileA. crassicarpa andA. auriculiformis had no sample forDI 17. (p:
5, line: 138-139 of revised manuscript).

Reviewer’s comment :Discussion, line 179-180:Which recent study and from where this isreported.
Correct it.

Our_response:The sentence has been corrected to be “ A recent study reported an extraordinary
incidence of seedling wilt disease caused by fungal pathogenF. oxysporum attackingcommercial
nurseriesofA.mangiuminSouthSumatra(Solehaetal.2021)(p:8,line180-181ofrevisedmanuscript).

Reviewer’scomment:Discussion,line190-191:Writethissentenceproperly.

Ourresponse: We change the sentences to be “Asimilar incident was reported by Pastrana et al. (2017) in
whichF. oxysporum from blackberry also caused sudden death in strawberries. Another studyalso
revealed thatF. oxysporum from cactus causes root and stem rot also causes diseases onEuphorbia
(Bertetti et al. 2017)”. (p: 8, line 192-193 of revised manuscript).

Reviewer’s comment :Discussion, line 207-208: Please rewrite this line. Is this line can be written like
this “This pattern was common where the population of the pathogen was also higher with the disease
scores”.

Ourresponse:We agree and are grateful for this suggestion, the sentence has been changed to be “This
pattern was common where the population of the pathogen was also higher with the disease scores”. (p:8,
line 204-205 of revised manuscript).

Reviewer’scomment:Discussion, line209-210:Rewritethisline.Ican’tunderstandthemeaning“Inthe  second

https://mail.google.com/mail/u/2/?ik=88efc1cb30&view=pt&search=all&permthid=thread-f%3A1716654771840052866&simpl=msg-f%3A1716654... 5/4



pattern, the population was moderate in a moderate susceptible host (L. leucocephala)”.

Our response:The sentence has been re-written to be “The second pattern was observed on L.
leucocephala, where the population of pathogen was also moderate with a moderate diseases score”. (p:
8, line: 207-209 of revised manuscript).

Reviewer’s comment :Discussion, line: 213-214: Rewrite this line. I can’t understand the meaning: “A
special pattern occurred onA. pauciflorum that could have been caused by a moderatepathogen infection,
but the pathogen population was low”.

Ourresponse:The sentence has been re-written to be “A special pattern occurred onA.pauciflorumthat

F.oxysporum caused a moderate infection, but the pathogen population was low”. (p: 8, line: 212-213 of

revised manuscript).

13/01/2214.36 SriwijayaUniversityMail-[biodiv]EditorDecision

Reviewer’scomment:Discussion,line226:Checkitagain: “race 0.
Ourresponse: Theword(race0)iscorrect(Jiménez-Fernandezetal.(2013)).

3. Reviewer’s comment: You haven’t written any reference in the text so, please add references in text.
Ourresponse:WedoapologizeforthemistakeofreferencesthatwewriteintheMendeleyformat automatically.
Therefore, it can’t be read by reviewer. All of the reference has been added in manuscript. (p: 1-10, line:
19-314 of revised manuscript).

4. Reviewer’scomment:Pleasecorrectfigure8.Thereshouldbepointnotcomma.
Ourresponse:Wehaverevisedfigure8bychangingcommatopoint.

Reviewer’s comment :Results, line 156:Y=20.327and8.5833thereshouldbepointandcomma, please
correct it all the rest of the figures 8.
Ourresponse: Thechangedhasbeenmadeonfigure8.inmanuscript.(p:6,line;156-1570frevised manuscript)

5. Reviewer’scomment:Tablel.didnotshowdiseaseincidencesopleasecheck it.

Reviewer’s comment: Results,line 118, description of Table 1 :Here you write severity and in textyou
wrote incidence. Check it again.

Our response:We are appreciating for this comment, we record diseases severity and modified the
sentence for description of Table 1, from “Pathogenicity and disease severity of Fusarium oxysporum
isolated fromAcaciamangium “to “Disease severity and host responses to Fusariumoxysporum isolated
from Acacia mangium. (p: 5, line 120 of revised manuscript).

6. Reviewer’scomment:Pleasereadpapercarefully. Recommendation:SeeComments

Our response:We have read our paper carefully and we changed all the words/sentences as reviewer’s
comment, suggestion and revision.

We feel that these changes have adequately addressed the comments and suggestions of the
reviewers,and we look forward to publication in the Biodiversitas Journal of Biological Diversity.

Pleasefeelfreetocontactmeifyouneedanyadditionalinformationorclarification. Thank you
very much for your excellent cooperation

Sincerely,

AhmadMuslim

Senior lecturer

FacultyofAgriculture,SriwijayaUniversity
JI.Palembang-PrabumulihkKm.32,Indralaya,Palembang,Indonesia E-
mail: a_muslim@unsri.ac.id

[Quotedtexthidden]

@ Manuscript_soleha_revl.doc
1703K
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Reviewl

HostrangestudiesofFusariumoxysporum,thecausalagentofseedling
wiltdiseaseofAcaciamangium

Abstract.FusariumoxysporumisaseriouspathogenthatcausesseverewiltdiseaseincommercialnurseriesofAcaciamangiumin
SouthSumatra. Ithasheenreportedtohaveahighlevelofhostspecificationatthegenusorfamilylevel. Thisstudyaimedto
investigatethehostrangeofF. oxysporumasanurserywilt pathogenoninA. mangiumand severalforestsandindustrialplants. Three
isolatesofF.oxysporumwithdifferenttranslationelongationfactor(tef1-a;)sequencesweretestedforpathogenicityondifferent
fabaceaefamilyplantsfromtheFabaceaefamilyandthegrowthoftheirpopulationwasalsoobserved. Theresultsshowedthatitcanall
thethreeisolateswereable toinfect allthetested plantswithdifferentreactionsofwilt disease. TheAcaciacrassicarpaandFalcataria
moluccanawerehighlysusceptible; Archidendronpauciflorum,Leucaenaleucocephala,andParkiaspeciosaweremoderately
wulnerableandAcaci aauriculiformiswasmoderatelyresistedresistantbyAcaciaauricutiformis-ThepathogenpopulationinA.
crassicarpaandF.moluccanagrew rapidly alongwiththe increasein disease scores, whilethat ofinL.leucocephalaitwas moderate,
andslowinA.pauciflorum,P.speciosaandA.auriculiformisplants.Inconclusion,theF.oxysporumpathogen,whichwasisolated
fromA.mangium,hasawiderangeofhostsintheFabaceaefabaceaefamily.

17

Keyword:Acaciamangium,Fabaceaefabaceae, Fusariumoxysporum,hostrange,seedlingwilt

INTRODUCTION

ed[AKG1]:Writetheauthenticityofplant.

Acaciamangium(.. 4)iE@speciesofplantthatoriginatedinseveral regionsinoflndonesia;PapuaNewGuinea,and U
Australia,andwhich, ferafewdecades, hasalsobeenfoundforafewdecadesintroducedtointhehumidtropical—
lowlandsofAsia,SouthAmerica,andAfrica....). Iuﬁas&plante,dmﬂargescalefo rindustrialpurposesandforest { c

ed[AKG2]:Addreferences.

restorationinthetropics.Sincethisplantspeciesisknownforitsfastgrowthandhighadaptabilitytovarious
environmentalconditions,itiswidelyusedinforagroforestry,forestry,andforrestorationofdegradedland. -
Fusariumoxysporumisanimportantpathogenicfungusthatcauseswiltdiseaseindifferentplantsallovertheworld.

J.,.4LreportedthatitwasidentifiedasthecausativeagentofvascuIarwiItinseveralcommercialnurseriesofA.mangium | | C

ed[AKG3]:Addreferences.

inSouthSumatra.Themainsourceoftransmissionisthroughinfectedseedlingsandsoil,whichisrelativelydifficultto
treataftercontamination. Thefungussurvivesbyformingchlamydosporesthatallowittoliveforalongtime,even
withoutahostplant.Furthermore, itattacksalmosteverytypeofplant, fromcultivatedtoforestandwild(e.g.weeds).
Thisfungusisalsoabletoattackvariousplanthabitssuchastrees, herbaceousplants,andvines. Severaltypesof forest
plantsthathavereportedlybeenattackedbyF.oxysporumthisfungiare Pinusmasseniana, Tectonagrandis, — — R

Pseudotsugamenziesii,Acaciamangiumandothers...... ) \

ed[AKG4]:Addreferences.

oo

SinceF.oxysporumhasahighlevelofhostspecificity,itisclassifiedasaformaespecies... Accordingto \ \ \ )

than100formaespeciesandraceshavebeenidentifiedandarewidespreadintheworld.

ed[AKG5]:Addreferences.

BesidesA.mangium,whichisthemaincemmodityplantofindustrialforestryinlndonesia,otherplants,suchas, |

—A

o

ed[AKG6]:Writenameofauthor

Acaciacrassicarpa,Acaciaauriculiformis,Parkiaspeciosa,Archidendronpauciflorum,Falcatariamoluccana,and
Leucaenaleucocephalaarealsoimportantandhavehigheconomicvalue.Consideringthattheybelongtothesame family
(Fabaceae),theycanbecomethemainoralternativehostsfor F.oxysporum,thecausativeagentofwiltdisease. Thisstudy ’
aimedtoinvestigatethehostrangeofF.oxysporumasanurserywiltpathogeneninA.mangiumandseveralindustrial
andlocalforestplantsinindonesia.

MATERIALSANDMETHOD
Fungalisolates42

ThreeisolatesofF.  dxysporum(AF01,BF05,andDF11),whichwereselected,whichweredifferentiatedaccordingt
theirtef1-osequence ili i i

—

pathogenictoA.mangiu m\(Figurel).FlathegeﬂiselatesIsoIateswereculturedinmaFlDBliquidmedium(potatodextros B -|,—

ed[AKG7 ]:Rewritethisline.Orremovethisline

broth)andincubatedat ~ 26-28°Conashaker(150rpm)foraboutfivedays. Thenthemyceliasuspensionprodueedwa k



47
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80
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fllteredu5|ngtwolayersofsterlIegauzetoseparatethecon|d|aandhyphae Thecomdlalconcentratlonwasdetermmed

Figurel.F.oxysporumisolatesonPDAmedium.(a)AF01,(b)BF05,and(c)DF11.Firstline:topsurfaceFrontview;secondline:
bottomsurfacereverseview.

Plantmaterial54
TheplantsusedweremembersoftheFabaceaefabaceae(legumes)family,namely,A.crassicarpa,A.auriculiformis,
F.moluccana,A.pauciflorum,P.speciosa,andL.leucocephala,whichwereonemonthold. Theseedlingswereobtained
fromtheForestCropsResearchinstitute,SouthSumatra., Seedlingsweretransferredinamixedmediumwithcocopeat
(1:1)usingaplasticpotoflOcmthathadadiameterandaheightof10cmheight,andwasthenplacedinashadehouse.

Pathogenicitytest

Apathogenicitytestwascarriedoutusingtherootdipmethod, whereinwhichtherootswerewashedunderrunning
waterandthenimmersedin250mlofconidiasuspension(10conidiaml)forl5minutes. Thecontrolplantswere
immersedinsteriledistilledwater,andtheseedlingsweretransplantedintoplasticpotsandplacedunderahouseshade.
Eachisolatewasinoculatedon25plantswithfivereplicates(fiveplantsper-replicate). Then,diseaseseveritywas

calculatedusing }themethodde5|gnedbyandmodlfledu5|ngadlsease|ndex (D1)0-4,where0=nodisease/healthy | Commented[AKGS]:Writetheauthornamerewriteit
seedling, 1=yellowleaves, 2=yellowleavesandslightlywilted, 3=severewilt,and4=deadsdedling. Furthermore,
plantresponsesweregroupedas,R=resistant(D.1.=0), MR=moderatelyresistant/tolerance(D1=<1), MS=moderately
susceptible(D1=1.0-2.0),S=susceptible(D1=2.1-3.0)andHS=highlysusceptible(D1=3.1-4.0). Thedevelopmentof

thediseasewasobservedforl-21daysafterinoculation.

Fusariumoxysporumpopulation

ThepopulationofF.oxysporumintherootswascal culatedattheendoftheexperimentusingthemethod of(Muslim
etal.2003b; Lietal.2008; Horinouchietal. 201 1)withmodificationstothesurfacesterilisatiensterilizationofthe —
samples.Thentheplantsweregroupedaccordingtoseverity(diseasescore)andwashedseparatelyunderrunningwaterto
removeanysoilresiduesadheringtotheroots. Afterthat,allplantsineachscoreweresurfacesterilisedusing1%sodium
hypochloritefor15minutes,thenrinsedthreetimeswithdistilledwater. Thesamplesandwater(1:100w/v) were
homogenisedusingablenderataspeedof8000rpmforten10minutes. Thentheywerefilteredusingtwolayersofsterile

gauzeanddiluted10to1000times.Thesuspensionwasspreadon PeptonePCNBagarmedia intriplicate(fivePetri | Commented[AKG9]: Correctthenameofmedia

dishesperreplication)andincubatedinthedarkfersevendaysatroomtemperature. Thenumberofcolony- formlhgunlts

(CFU)ofF.oxysporumwascalculatedonthebasisoffreshweightpergramofsample pergrammeofsample'sfresh

weightandrecordedbasedonthediseaseseverity. Commented[AKG10]:Ican'tunderstandthemeaningofthisline
--| what do you want to recordRewrite it

RESULTSANDDISCUSSION

Pathogenlmtytest

a W andthe T heresultsshowedthatallthesix
forestplantstestedhada5|mllarreactlontothepathogen Sevendaysaftermoculatlon alltheplantsshowedtypical
symptomsofF.oxysporuminfection,i.e.,yellowingoftheoldestleavesclosesttothestembase,whichgraduallyprogress




89

totheseyoungerandtheshoots,severewilting,drying,andfallingofleaves,andlastiyeventuallyplantdie,death.
Anothersymptomthatappearedwasthesuddenwiltinganddeathoftheplantwithoutthechangechangingeftheleaves'

leafcolour,;-meanwhile;the-whilecontrol plants didnot showanysymptoms (Figure 2, 3,4,5,6 &7).88

Figure2.DiseaseindexofAcaciacrassicarpa,(a)fromleft:healthyplantto 100%wiltedleaves(score0—4);(b)initialsymptoms:
yellowingfromoldestleaves; (c)advancedsymptoms:fallingleaves;(d)deadplant.

Figure3. Diseaseindex onFalcatariamoluccana(a)from left: healthy plantto 100%wiltedleaves(score0—4); (b) initialsymptoms:
yellowingfromoldestleaves;(c)advancedsymptoms:curved,dry,andfallingleaves;(d)deadplant.




99 S e ————
100  Figure4.Diseaseindexon Archidendronpauciflorum,(a)fromleft:healthyplantto 100%wiltedleaves(score0—4),(b)initialsymptoms:,
101 yellowing and dry from oldest leaves, (c) advanced symptoms: falling leaves, (d) dead plant.
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103

[104  Figure5.DiseasesindexonLeucaenaleucocephala ,(a)fromleft:healthyplantto100%wiltedleaves(score0—4);(b)initial
105  symptoms:yellowingfromoldestleaves;(c)advancedsymptoms:curvedleaves;(d)yellowingupward.
106

107 o, o .

108 Figure6.DiseasesindexonParkiaspeciosa, (a)fromleft:healthyplanttol 00%wiltedleaves(score
109 oldest leaves; (c) advanced symptoms: curved leaves; yellowing (d) dead plant.

110
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(b)initialsymptoms:yellowing and dry from
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Figure 7.DiseasesindexonAcaciaauriculiformis,(a)fromleft-heal thyplantto100%wiltedleaves(score0—4);(bandc)advanced
Symptoms: .-«

(

Diseaseseveritycausedbytheinoculated-F.oxysperumiselateswassignificantlyhigherthanthecontrols. A.crassicarpaand
F.moluccanaweremostseverelyaffectedwithanaveragescoreof4.00and3.44, respectivelyandtheincidence of wilting was 100%.
On the other hand, A. pauciflorum, L. leucocephala, and P. speciosa were attacked-showedwithmoderate disease severity |
(seores i.e. 1.96, 1.68, and 1.80, respectively), and-whereas A. auriculiformis had the

lowest(0.36)di verityard(16%)incidence(16%and0-36)respectively)(Tablel). Basedonthediseasescoreonplantresponse tf.

esearethethreegroupsofrespensesbythehostsBasedonthediseasescore, hostplantswereclassifiedintothreegroups:i)highlysusceptifl
e(A.crassicarpaand F.moluccana),ii)moderatelysusceptible(A.pauciflorum P.speciosa, and L. leucocephala), and iii) moderatg

resistance/tolerance (A. auriculiformis) (Table 1).
JAlthoughthethreeisolateshadditterenttet1-LIgeneticsequencing,theyhadsimilarvirulence patterns

C ed[AKG11]:Writetheadvancesymptoms

4 C ed[AKG12]:This16%diseaseincidencewasnotmentioned
intable 1.

-1 C ed[AKG13]:Iremovedthislinebecauseyoudidnotmention

[ 1 e
Therefore,Result exhibited that there was no significant difference between the disease severity in the same host that was-had

beeninoculated with different isolates.

Tablel.PathogenicityanddiseaseseverityofFusariumoxysporumisolatedfromAcaciamangium

sequencing of isolates.

.
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128
Isolates?
Plantspecies
AF01"Response 9BF05ResponseDF11Response
Acaciacrassicarpa 4.00a HSe 348a HS 3.96a HS
Falcatariamoluccana 3.44ab HS 3.04a HS 2.80ab S
Archidendronpauciflorum 1.96bc MS 1.88b MS 1.40cd MS
Leucaenaleucocephala 1.52¢ MS 156 b MS 1.68bc MS
Parkiaspeciosa 1.80c MS 1.04 be MS 2.16bc S
Acaciaauriculiformis 0.36d MR 0.40 c MR 0.60d MR

Valuesfollowedbythesameletterineachrowarenotsignificant.

2 D10-4,where0=nodisease/healthyseedling,1=yellowleaves,2=yellowleavesandslightlywilted,3=severewilt,
and4=deadseedling.

F.oxysporumisolates.

° Hostresponseweregroupedas:R=resistant(D.1.=0); MR=moderatelyresistant/tolerance(D.l.=<1); MS=moderatelysusceptible
(D:1:=1.0-2.0);S=susceptible(D.l.=2.1-3.0);HS=highlysusceptible(D.l.=3.1-4.0)(Bertettietal.,2018)

F-Fusariumoxysporumpopulation
Thetotalpopulationof F.oxysporumontherootswasdeterminedbycalculatingtheCFUforeachcategoryofdamage. The results
showed that at a score of 4, the three-isolates-which-were-tested-on-A. crassicarpa and F. moluccanashowed a significantl
higher population (82.00-105.10 x 10* CFU g fresh weight) than theother plants. The lowestpopulationwas recordedenin Fk/
speciosa and A. pauciflorum (3.57-12.27 x 10* CFU g fresh weight). This same patternalso occurred in DI 2and 3, whileno
samplewasrecordedin  A.auriculiformis. In DI 1, thehighestpopulation wasdi recordedin  F.moluccanaand
L.leucocephala,while A.crassicarpaand A.auriculiformisn T

1

adnosample. J

incidence. Check it again.

)
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142 Meanwhileinlnasymptomaticcontrolplants(DI1=0),thepopulationwassignificantlyhigherinL.leucocephalaandA.
143  auriculiformisandnosamplewasdiscoverednotedinA.crassicarpaandF.moluccana(Table2—&Table3).

144 TheregressionanalysisresultsshowedthatallplantsexceptP.speciosahadalinearrelationshippatternbetweenthe
145  increaseinthediseasescoreandthepopulation. ThepathogenicpopulationonA.crassicarpaandF.moluccanagrew
146  rapidlyalongwiththeincreaseindiseasescores,asindicatedbythemagnitudeoftheregressiongradientcoefficient
147  (m=20.3-21.3).However,themoderateincreasewasmoderateobservedinL.leucocephala(m=11,.2)(m=11.2)andvery
148  slowinA.pauciflorum,P.speciose,andA.auriculiformis(m=2,.2—4,.8)(Figure.8). -

149 Table3showsshowedthatalthoughtheisolatesweredifferentintef1-a,butthepopulationandDlpatternswere

150  similarforeachtestplant. Thecorrelationbetweenthepopulationofpathogens(gfreshweight)andthelevelofDlare
151  weredescribedasfollows:i)highpathogenpopulationswithhighDI(A.crassicarpaandF.moluccana),ii)moderate
152  populationwithmoderateDI(L.leucocephala),iii)lowpopulationwithmoderateD1(A.pauciflorum),andiv)low

153  population with low DI (P. speciosa and A.

auriculiformis).154
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|159 Figure8.RegressionanalysesanalysisofdiseasescorerateandF.oxysporumpopulation




160  Table2.Fusariumoxysporumpopulationsonrootineachdiseaseindex
161

PopulationofFusariumoxysporum(x10*CFU/gfreshweight)?

Plantspecies 091234 Average®
AF019
Acaciacrassicarpa ns ns ns ns 85..13a° 85./13
Falcatariamoluccana ns 17.77a 22.;77a 60.,98a 91..87a 76..50
Archidendronpauciflorum 0.45b 1.;10b 3.:22b 8.:15b 12.:53cd 5.:.06
Leucaenaleucocephala 6.;17a 18.;10a 20.,93a ns 51.,67b 22,13
Parkia speciosa 0.,32b 0.;45b 2.;58b 7.;27h 3.;57d 2.;16
Acaciaauriculiformis 2..92a ns ns ns 24..53¢c 4..65
BF05
Acaciacrassicarpa ns ns 51.:.80a 72..08a 105.;10a 92.61
Falcatariamoluccana ns 13.:22a 15.:32b 40.;33b 61..67b 43..85
Archidendronpauciflorum 0.;47c 0.;63b 1.;73¢c 6.;88¢c 9./90d 3.:60
Leucaenaleucocephala 4..67a 9.;,02a 12.;32b 29.;32b ns 11,16
Parkia speciosa 0.;48¢c 0.;57b 1.;27c 2.;33d ns 0.,87
Acaciaauriculiformis 2.:55b ns ns ns 20.;43¢c 3.98
DF11
Acaciacrassicarpa ns ns ns 61..92a 82.;,00a 81.,20
Falcatariamoluccana ns 12.;50a 27.47a 54..93a 73.;00a 47.,93
Archidendronpauciflorum 0.;35¢ 0.;35b 3.:37c 4..42¢ 6..92e 2.:19
Leucaenaleucocephala 5.;58a 11.:17a 16.;553b 36.:63b 54.:27b 19.,69
Parkia speciosa 0.;25¢ 0.;48b 1.;58¢ 11.,97d 12.;27d 5.:79
Acaciaauriculiformis 2.:83b ns ns ns 21.;28¢ 5.;05

162  n.s:Nosample,cfu:colony-formingunit

163 dF. oxysporum populationswerecalculatedattheendoftheexperiment (21daysafterinoculation).

164  YDI0-4;0=nodisease/healthyseedling;1=yellowleaves;2=yellowleavesandslightlywilted;3=severewilt;and4=dead seedling.

165  9AverageofF. oxysporumpopulation(cfu/gfreshweight) =(PoA+P1B+P,C+PsD+P4E)/N; whereP0,P1,P2,P3,andP4=populationofpathogeninscore0, 1, 2,3,danand4respectively: A =numberof
166  plantsonscore0; B=numberofplants onscore1;C=numberofplantsonscore2;D=numberofplantsonscore3; E=numberofplants onscore4;N=total numberofplants.

167  9F.oxysporumisolates

168  9Valuesfollowed bythesameletterineachrowarenot significant.
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Table3.Fusariumoxysporumpopulationaverageanddiseasesindexofplant

Populationaverage(x10*CFU/gfresh Diseaseindex?
Plantspecies weight)?

AF019BF05DF11AF01BFO5DF11
Acaciacrassicarpa 85,13 92..61 81.;20 4.00 3.48 3.96
Falcatariamoluccana 76,50 43.85 47.93 344 3.04 2.80
Archidendronpauciflorum 5,06 3.60 2,19 1.96 1.88 140
Leucaenaleucocephala 22,13 11..16 19..69 152 1.56 1.68
Parkiaspeciosa 2,16 0.,87 5,79 1.80 1.04 2.16
Acaciaauriculiformis 4,65 3,98 5,05 0.36 0.40 0.60

9 Average ofF. oxysporumpopulation(cfu/gfreshweight)= (PoA+P1B+P2C+PsD+P4E)/N;whereP0,P1,P2,P3,andP4=population
ofpathogeninscore0,1,2,3,danand4respectively:A=numberofplantsonscore0;B=numberofplantsonscore1;C=numberof
plantsonscore2;D=numberofplantsonscore3;E=numberofplantson score;N=totalnumberof plants.
D10-4;0=nodisease/healthyseedling; 1=yellowleaves; 2=yellowleavesandslightlywilted; 3=severewilt;and4=
deadseedling.

9F.oxysporumisolates.

Discussion178A

\recentstudyreported anextraordinaryincidenceofseedlingwiltdiseasecausedbythefungalpathogenF. [ commented[AKG18]:Whichrecentstudyandfromwherethis
oxysporumattacking commercial nurseries of A. mangium-. Therefore, the investigation of a new host of the pathogen is {isreported@"ectit
animportantstepintheplantprotectionstrategyforsoil-bornediseases.Hostrangetestsalsoprovideinformationenabouttheplant
species that have the potential to become alternative hostsormain hosts for the pathogen.

Theresultsindicatedthatthe F.oxysporumpathogen,whichcausesvascularwiltintheA.mangiumnursery,canalsoinfectFabaceaefa
baceaeplantswithvarioushostresponses:,asconfirmedbythe KochPostulatetest.A.crassicarpaand
F.moluccanashowedawerehighlysusceptiblereaction,while A.pauciflorum, L.leucocephala,and
P.speciosaweremoderatelyvulnerable,and A.
auriculiformiswasmoderatelyresistant.PathogeninfectioncausedwiltingsymptomsinalltestplantspecieswithbyD10f4.00. Although
theDlwaslower(0.36)ferinA.auriculiformis,butitstilthadthepotentialtocausedamageplants.damageifF.oxysporummanagedableto
infectplantsevenwithalowDlI,causingthedeathofcultivars.Moreover,whena

plantisgrownenincontaminatedsoil therelsahlghexposurepccur$ whichleadsteriskofdamagetocrops. Asimilarincidentwasreporte ,[Commented[AKG19]:Addreferences ]
doy....... ,inwhich F.oxysporumfromblackberryalsocausedsuddendeath in strawberries; therefore, it becomes a threat when { = dIAKG20]:Writcti

S ed[ J:Writethissentenceproperly ]
planted on adjacent land. Another study alsodiscovered
reve\ ...... patF.oxysporumfromcactuscausesrootandstemrotineuphorbiaEuphorbiawhenpIantedandcuItivatedonthesame | ]
land Furthermore, P.speciosa,whichshowedwiltingofmorethan50%;hadalowseverityscore(asinthecaseof ommented[AKG21]: Addreference

A-auriculiformis),whichmeanslowbDishouldbenotedalse.
Theresultsrevealedthatseveraltypesofplantsthat-weretestedfrombelongingtotheFabaceaefabaceaefamilyhadgreat potential to
become an alternative hosts and even _the—main host for F. oxysporum when planted in the same field.
TheWidespreadofthispathogentoawiderareamayallowsinteractionswithnewplantsinthefuture. Moreover, theplantingof new
species affected the occurrence of new outbreaks because the pathogenic strains had—adapted to the soil and
hadbecomebecamevirulent.Furthermore,nurseryactivitiesthatusecontaminatedsoilrepeatedlyalsotriggeredthepathogens’
proliferation and adaptation to other plants.
ThepathogenpopulationsinA.crassicarpaandF.moluccanagrewveryrapidlywithincreasingdiseasescores,whilein L.
leucocephala grew moderately and A. paumflorum P. specmse andA auriculiformis grew slowlylh&relatmnsh%pbeﬂﬁeeﬂ

" Commented[AKG22]:Pleaserewritethisline.lsthislinecanbewritte
In this study, the populatlon of F oxysporum on hlghly susceptible plants (A. crassicarpa and F. moluccana)

wassignificantlyhighe nhanotﬂe\rpl ahtsforeachd iseasescore. Thispatternwascommonwherehighdiseasescoreswerealso .

n like this “This pattern was common where the population ofthe

foundinthehighpopulation. ... reportedthatsusceptiblelettucecultivarsshowedhigh Fusariumpopulationlevelsand c d[AKG23]:Whoreported
thevulnerableblackbeangenotypeshowedapopulationlevelof15.4x 10°CFU9 toffreshweight(.Inthesecondpattern,thepopulationw ]
asmoderateinamoderatesusceptiblehost(L.leucocephala). ThesimilarresultwasalsoThisalso—occurred in garlic with a disease - Formatted:ront:iaiic
severity of 44% due to Fusarium i‘) infection, which showed afairly-significantlyhighernumber of pathogens on the roots. ... Commented[AKG24 ]:Rewritethisline.Ican tunderstandtheeaning.
. o '[Commented[AKG25]:Addreferences ]
A special pattern occurred on A. pauciflorumthat could have been caused by a moderate pathogen infection, but the C €d[AKG26]: Rewritethisline.lcan’ wnderstandthe
pathogenpopulationwaslow. ijsmlghlbpduetotmeplant sdefencemechanism.Severalstudiesonresistanteultivars ‘
havecorroboratedthis;,forexample, — ......... reponedthatremstantpepperplantsalsosuppqrtthenathogen sdevelopment meaning.
inroots,evenwithoutexternalsymptoms.Similarphenomenawerewasreportedby ... whonotedthatsometomato ]
plantseouldbeareinfectedmoderately(scorel-2)by F.oxysporumf.sp. lycopersici,butthepopulationwaslowerthantheother plants in e ]
thesame score.

ommente! H rererence



219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237

238

239
240
241

242

243
244

246
247
248

250
251
252
253
254
255
256
257

259
260

262
263
264

266

268
269
270
271
272

ThepathegeninfectionandtotalpopulationonParkiaspeciosaandA.auriculiformiswaslowerandthetotal
i | reportedthatwhen

populationwasalsetewr. Thisindicatedthatthe planstbelongedtotheresistantplantgroup. \ ....... - | C ed[AKG29]:Addreference
resistantstrawberryplantswereinoculatedwithF.oxysporumf.sp.fragariae,thecultivarformedabarrierwith

accumulatedphenoliccellsinthehypodermalla yerthateffectivelylimitsthepathogens'colonisationandpreventstheepenetrati
invasionofrootvasculartissue.[fFhethetissu_~ 1byhyphaewaslimitedtotheepidermisthenthe,andth Y
pathogensdiddonotreachthevasculartissue. Also theresultsofastudyconductedby... .. reportedenthathanana -lc ed[AKG301: Addreference

clonestoleranttoF.oxysporumf.sp.cubensecorrespondwiththis,withasignificantincreaseintheinductionofcell

wall-associatedphenoliccompounds.Mereever,....... alsoreportedthatFusariumoxysporumf.sp.cicerisrace0 \‘ | -

remainedintheintercellularspaceoftheroetcortexandfailedtoreachthexyleminresistantchickpeacultivars.
Inthisstudy,A.crassicarpaandF.moluccanawereproventobeanalternativehostofF.oxysporum.
Meanwhile, WhereasL.leucocephala,A.pauciflorum,P.speciosa,andA.auriculiformishadpotentialasalternativehosts. l
ManyplantsoftheFabaceaefabaceaefamilywerewasattackedbyformaespecialisF.oxysporum,suchas,Vigna -
angularis(F.oxysporumf.sp.adzukicola),Cicerarietinum,Cicerspp.(F.oxysporumf.sp.ciceris),Acaciaspp. (F.
oxysporumf.sp.koae),Lensculinaris,L.esculenta(F.oxysporumf.sp.lentis),Medicagosativa(F.oxysporumf.sp.
medicaginis),Phaseolusvulgaris,P.coccineus(F.oxysporumf.sp.phaseoli),Pisumsativum,Cicerarietinum(F.
oxysporumf.sp.pisi),andethers—— |....However,inthisstudy, F.oxysporumisolatedfromA.mangiumhasawidehost |

~| commented[AKG31]:Checkitagain.

g | Formatted:Font:NotItalic

Inconclusion, F.oxysporumisolatedfromA.mangiumcauseseiseaseinfectioninseveraltypesofforestandindustrial
plants. Fherefore;sinceSinceithasawidehostrange,itisnotclassifiedaspartoftheformaespecialisgroup.

rangefromtheFabaceaefabaceaefamily;therefore,itisnotclassifiedasformaespecialis. ‘
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Answer Reviewl

HostrangestudiesofFusariumoxysporum, causalagent of seedlingwilt
diseaseofAcaciamangium

Abstract.FusariumoxysporumisaseriouspathogenthatcausesseverewiltdiseaseincommercialnurseriesofAcaciamangiumin
SouthSumatra. ThisstudyaimedtoinvestigatethehostrangeofF.oxysporumasanurserywiltpathogeninA.mangiumandseveral
forestandindustrialplants. ThreeisolatesofF.oxysporumwithdifferenttranslationelongationfactor(tef1-o)sequencesweretested
forpathogenicityondifferentfabaceaefamilyplantsandthegrowthofpopulationwasalsoobserved. Theresultsshowedthatallthe
threeisolateswereabletoinfectallthetestedplantswithdifferentreactionsofwiltdisease. TheAcaciacrassicarpaandFalcataria
moluccanawerehighlysusceptible;Archidendronpauciflorum,Leucaenaleucocephala,andParkiaspeciosaweremoderately
wulnerableandAcaciaauriculiformiswasmoderatelyresistant. ThepathogenpopulationinA.crassicarpaandF.moluccanagrew
rapidlyalongwiththeincreaseindiseasescores,whileinL.leucocephalaitwasmoderate,andslowinA.pauciflorum,P.speciosaand
A. auriculiformisplants.Inconclusion,F. oxysporumpathogen,whichwas isolatedfromA.mangium,has awiderange of hostsinthe
fabaceaefamily.

16

Keyword:Acaciamangium,fabaceae, Fusariumoxysporum,hostrange,seedling wilt

INTRODUCTION

Acaciamangium(Willd---.)isaspeciesofplantthatoriginatedinseveralregionsofl ndonesia,PapuaNewGuinea,

| Formatted:Highlight

andAustralia,andwhich;,hasalsobeenfoundforafewdecadesinthehumidtropicallowlandsof Asia, South America,
andAfrica(KoutikaandRichardson2019)(....).lisplantedonalargescaleforindustrial purposesandforestrestoration

- Formatted:Highlight

inthetropics _(MatsumuraandNaoto2011). Sincethisplantspeciesisknownforitsfastgrowthandhighadaptabilityt

- {Formatted:Highlight

variousenvironmentalconditions (Asifetal.2017), itiswidelyusedforagroforestry,forestry,andrestorationofdegrade

land(KoutikaandRichardson2019).
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Fusariumoxysporumisanimportantpathogenicfungusthatcauseswiltdiseaseindifferentplantsallovertheworld.

26repghtédthatit\wasidentifiedasthecausativeagentofvascularwiltinseveralcommercial

o (Formatted:HighIight

nurseriesofA.mangiuminSouthSumatra. Themainsourceoftransmissionisthroughinfectedseedlingsandsoil, which
isrelativelydifficulttotreataftercontamination. Thefungussurvivesbyformingchlamydosporesthatallowittolivefora
longtime,evenwithoutahostplant _(Ignjatovetal.2012; Koyyappurathetal.2016;Ranaetal.2017). Furthermore, it

-- { Formatted:Highlight

A A
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attacksalmosteverytypeofplant,fromcultivatedtoforestandwild(e.g.weeds) (Joshi2018).T hisfungusisalsoableto
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attackvariousplanthabitssuchastrees(Zhangetal.2013),herbaceousplants(JacobsandHeerden2012),andvines

Pseudotsugamenziesii _[(Stewartetal

arePinusmassoniana _(LuoandYu2020),
2011),Acaciamangium(\Wjdyastutietal.2013)andothers.
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SinceF.oxysporumhasahighlevelofhostspecificity, itisclassifiedasaformaespecies [(Burkhardtetal.2019;
Tayloretal.2019) .......... Accordingto LeslieandSummerell(2006)---=:,  morethan100formaespeciesandraceshavebee

{ Formatted:Highlight

identifiedandarewidespreadintheworld.

BesidesA.mangium,whichisthemainplantofindustrialforestryinlndonesia,otherplants,suchasAcacia
crassicarpa,Acaciaauriculiformis,Parkiaspeciosa,Archidendronpauciflorum,Falcatariamoluccana,andLeucaena
leucocephalaarealsoimportantandhavehigheconomicvalue.Consideringthattheybelongtothesame family
(Fabaceae),theycanbecomethemainoralternativehostsfor F.oxysporum,causativeagentofwiltdisease. Thisstudy
aimedtoinvestigatethehostrangeofF.oxysporumasanurserywiltpathogeninA.mangiumandseveralindustrialand
localforestplantsinindonesia.
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MATERIALSANDMETHOD

Fungalisolates45

ThreepathogenicisolatesofF. oxysporum(AFOl BFO5, andDFll) wereselected Whlchweredlfferentlated
accordingtotheirtef1-asequence(,wereu : d he
mostpathegenictoA-mangium{Figurel). IsolateswereculturedonPDBIlqUIdmedlum(potatodextrosebroth)and
incubatedat26-28° Conashaker(150rpm)foraboutfivedays. Thenthemyceliasuspensionwasfilteredusingtwo
layersofsterilegauzetoseparatetheconidiaandhyphae. Theconidialconcentrationwasdeterminedusinga
hemocytometer and then adjusted to a concentration 5 ml- for pathogenicity test.52

Figurel.F.oxysporumisolatesonPDAmedium.(a)AF01,(b)BF05,and(c)DF11.Firstline:Frontview;secondline:reverseview.

Plantmaterial56
Theplantsusedweremembersofthefabaceaefamily,namelyA.crassicarpa,A.auriculiformis,F.moluccana,A.
pauciflorum,P.speciosa,andL.leucocephala,whichwereonemonthold.TheseedlingswereobtainedfromtheForest
CropsResearchlinstitute, SouthSumatra.Seedlingsweretransferredinamixedmediumwithcocopeat(1: 1)usinga
plasticpotofl0cmdiameterand10cmheight,andthenplacedinashadehouse.

Pathogenicitytest
Apathogenicitytestwascarriedoutusingrootdipmethod,inwhichtherootswerewashedunderrunningwaterand
thenimmersedin250mlofconidiasuspension(10%conidiaml™)forl5minutes. Thecontrolplantswereimmersedin
steriledistilledwater,andtheseedlingsweretransplantedintoplasticpotsandplacedunderahouseshade.Eachisolate
wasinoculatedon25plantswithfivereplicates(fiveplantsper-replicate). Then,diseaseseveritywascal culatedusingthe
methoddesignedby Muslimetal (2003a) andmodifiedusingadiseaseindex(DI)O 4where0 nodisease/healthy

pIantresponsesweregroupedas R=resistant(D1=0),MR=| moderateIyreS|stantItoIerance(DI—<1) MS= moderately
susceptible(DI=1.0-2.0),S=susceptible(DI=2.1-3.0)andHS=highlysusceptible(D1=3.1-4.0).Thedevelopmentof
diseasewasobserved1-21daysafterinoculation.

Fusariumoxysporumpopulation

ThepopulationofF.oxysporumintherootswascal culatedattheendoftheexperimentusingthemethodof(Muslim
etal.2003b; Lietal.2008; Horinouchietal. 201 1)withmodificationstothesurfacesterilizationofsamples. Thenthe
plantsweregroupedaccordingtoseverity(diseasescore)andwashedseparatelyunderrunningwatertoremovesoil
residues.Afterthat,allplantsineachscoreweresurfacesterilisedusing1%sodiumhypochloritefor15minutes, then
rinsedthreetimeswithdistilledwater. Thesamplesandwater(1:100w/v)werehomogenisedusingblenderat8000 rpm
forl0minutes.Thentheywerefilteredusingtwolayersofsterilegauzeanddiluted10to1000times. T hesuspensionwas
spreadonPeptonePCNBagarmMedia(PPA/NashSnyderMedium)(LeslieandSummerrel,2006)intriplicate(fivePetri

| Formatted:Highlight
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dishesperreplication)andincubatedindarkforsevendaysatroomtemperature. Thenumberofcolony-formingunits
(CFU)ofF.oxysporumwascal culatedonthebasisoffreshweightpergramofsampleandgroupedaccordingtothe

diseasesseveritylevel.recordedbasedonthediseaseseverity.
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RESULTSANDDISCUSSIONN

Pathogenicitytest

Theresultsshowedthatallthesixforestplantstestedhadsimilarreactiontothepathogen.Sevendaysafter
inoculation,alltheplantsshowedtypicalsymptomsofF.oxysporuminfection,i.e.yellowingofoldestleavesclosesttothe
stembase,whichgraduallyprogresstoyoungershoots,severewilting,drying, fallingofleaves,andeventuallyplantdie.
Anothersymptomthatappearedwassuddenwiltinganddeathofplantwithoutchangingtheleafcolour,while control
plantsdidnotshowanysymptoms(Figure2,3,4,5,6&7).

Figure2.DiseaseindexofAcaciacrassicarpa(a)fromleft:healthyplantto 100%wiltedleaves(score0—4);(b)initialsymptoms:
yellowingfromoldestleaves;(c)advancedsymptoms:fallingleaves; (d)deadplant.

Figure3. Diseaseindex onFalcatariamoluccana(a)from left: healthy plantto 100%wiltedleaves(score0—4); (b) initialsymptoms:
yellowingfromoldestleaves;(c)advancedsymptoms:curved,dry,andfallingleaves;(d)deadplant.
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100  Figured.Diseaseindexon Archidendronpauciflorum(a)fromleft:healthyplantto 100%wiltedleaves(score0—4),(b)initialsymptoms: yellowing and
101 dry from oldest leaves, (c) advanced symptoms: falling leaves, (d) dead plant.

102

103
104  Figure5.Disease index on Leucaena leucocephala(a) from left: healthy plant to 100% wilted leaves (score 0—4); (b) initial symptoms:yellowing
105  from oldest leaves; (c) advanced symptoms: curved leaves; (d) yellowing upward.
106

107 R ¢

108  Figure6.DiseaseindexonParkiaspeciosa, (a)fromleft:healthyplantto100%wiltedleaves(score0—4);(b)initialsymptoms:yellowing and dry from
109  oldest leaves; (c) advanced symptoms: curved leaves; yellowing (d) dead plant.

110
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113  Figure7.DiseaseindexonAcaciaauriculiformis;(a)fromleft:healthyplantto100% wiltedleavesanddeadplant(scoreOand —4));(band ¢) —+-
114  advanced symptoms: ........~ n f Formatted:English(UnitedStates)
115
116 Diseaseseveritywassignificantlyhigherthancontrols. A.crassicarpaand

117 F.moluccanaweremostsevereIyaffectedwithanaveragescoreof4.00and3.44,respectivelyandtheincidenceofwiltingvvaleO%.Onth
118  eotherhand, A.pauciflorum, L.leucocephala,and

119  P.speciosawereshowedmoderatediseaseseverityi.e.1.96,1.68,and1.80,respectively,whereas |
120 A.auriculiformishadthelowest(0.36)diseaseseverity(Tablel)and(16%)incidence)(Tablel).Basedonthediseasescore, hostplantswer
121 eclassifiedintothreegroups:i)highlysusceptible(A.crassicarpaand F.moluccana),ii)moderatelysusceptible(A.pauciflorum

122 P.speciosa,and L.leucocephala),andiii)moderateresistance/tolerance (A. auriculiformis) (Table 1).

123 -Resultexhibitedthattherewasnosignificantdifferencebetweenthediseaseseverityinthesamehostthathadbeeninoculated with |
124 different isolates.
125  Tablel.PathogenicityanddiseaseseverityandhostresponsestoefFusariumoxysporumisolatedfromAcaciamangium | | [ Formatted:Highlight
126
Isolates?
Plantspecies
AF01PResponse 9BF05ResponseDF11Response
Acaciacrassicarpa 4.00a HSo 348a HS 3.96a HS
Falcatariamoluccana 3.44ab HS 3.04a HS 2.80ab S
Archidendronpauciflorum 1.96bc MS 1.88b MS 1.40cd MS
Leucaenaleucocephala 1.52¢ MS 156 b MS 1.68bc MS
Parkiaspeciosa 1.80c MS 1.04 be MS 2.16bc S
Acaciaauriculiformis 0.36d MR 0.40c MR 0.60d MR

127  Valuesfollowedbythesameletterineachrowarenotsignificant.
128 2 DI0-4,where0=nodisease/healthyseedling,1=yellowleaves,2=yellowleavesandslightlywilted,3=severewilt,
129  and4=deadseedling.
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bF.oxysporumisolates.
9Hostresponsewere groupedas:R= resistant(DI1=0); MR=moderatelyresistant/tolerance(DI=<1);MS=moderatelysusceptible
(DI=1.0-2.0);S=susceptible(DI=2.1-3.0);HS=highlysusceptible(DI=3.1-4.0)(Bertettietal. 2018)

Fusariumoxysporumpopulation

Thetotalpopulationof F.oxysporumontherootswasdeterminedbycalculatingtheCFUforeachcategoryofdamage. The results
showed that at a score of 4, A. crassicarpa and F. moluccana showed a significantly higher population(82.00-105.10 x 10*
CFU g fresh weight) thanother plants. The lowest population was recorded in P. speciosa and A.pauciflorum (3.57-12.27 x
10* CFU g fresh weight). This same pattern also occurred in DI 2 and 3, while no sample wasrecordedin

A AuriculiformisforDI2and3. InDI1,thehighestpopulationwasrecordedinF.moluccanaandL.

leucocephala,whileA.crassicarpaandA.auriculiformishadnosampleforDI 1. Incentrolplants(D1=0),thepopulation
wassignificantlyhigherin L.leucocephalaand A.auriculiformis andnosamplewasnotedin A.crassicarpaand F.moluccanafor DI
0(Table 2 &Table 3).

Theregressionanalysisresultsshowedthatallplantsexcept
P.speciosahadalinearrelationshippatternbetweentheincreaseindiseasescoreandpopulation. Thepathogenicpopulationon
A.crassicarpaand F.moluccanagrewrapidlyalong with theincrease in disease scores, as indicated by the magnitude ofregression
gradient coefficient (m=20.3-21.3).However,moderateincreasewasobservedin L.leucocephala(m=11.2)(m=11.2)andveryslowin
A.pauciflorum, P.speciose, and A. auriculiformis (m=2.2—-4.8) (Figure 8).

Table3showedthatisolatesweredifferentin tef1-
a,butthepopulationandDI patternsweresimilarforeachtestplant. Thecorrelationbetweenthepopulationofpathogen(g
freshweight)andthelevelofDIweredescribedasfollows:
i)highpathogenpopulationswithhighDI(A.crassicarpaand F.moluccana),iiymoderatepopulationwithmoderateDI(L.
leucocephala), iii) low population with moderate DI (A. pauciflorum), andiv) low populationwithlow DI (P. speciosaand A.
auriculiformis).

Acacia crassicarpa Falcataria moluccana Avchidenron pauciflorum
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Figure8.Regressionanalysisofdiseasescorerateand F.oxysporumpopulation
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161  Table 2.Fusarium oxysporum population onrootineachdiseaseindex
162

PopulationofFusariumoxysporum(x10*CFU/gfreshweight)?

Plantspecies 091234 Average®
AF019
Acaciacrassicarpa ns ns ns ns 85.13a° 85.13
Falcatariamoluccana ns 17.,77a 22.77a 60.98a 91.87a 76.50
Archidendronpauciflorum 0.45b 1.10b 3.22b 8.15b 12.53cd 5.06
Leucaenaleucocephala 6.17a 18.10a 20.93a ns 51.67b 22.13
Parkia speciosa 0.32b 0.45b 2.58b 7.27b 3.57d 2.16
Acaciaauriculiformis 2.92a ns ns ns 24.53c 4.65
BFO05
Acaciacrassicarpa ns ns 51.80a 72.08a 105.10a 92.61
Falcatariamoluccana ns 13.22a 15.32b 40.33b 61.67b 43.85
Archidendronpauciflorum 0.47c 0.63b 1.73c 6.88c 9.90d 3.60
Leucaenaleucocephala 4.67a 9.02a 12.32b 29.32b ns 11.16
Parkia speciosa 0.48c 0.57b 1.27c 2.33d ns 0.87
Acaciaauriculiformis 2.55b ns ns ns 20.43c 3.98
DF11
Acaciacrassicarpa ns ns ns 61.92a 82.00a 81.20
Falcatariamoluccana ns 12.50a 27.47a 54.93a 73.00a 47.93
Archidendronpauciflorum 0.35¢ 0.35b 3.37c 4.42c 6.92e 219
Leucaenaleucocephala 5.58a 11.17a 16.53b 36.63b 54.27b 19.69
Parkia speciosa 0.25¢ 0.48b 1.58¢ 11.97d 12.27d 5.79
Acaciaauriculiformis 2.83b ns ns ns 21.28c 5.05

163 n.s:No sample,cfu:colonyformingunit

164  3F. oxysporum populationscalculatedattheend oftheexperiment(21 daysafterinoculation).

165  YDI0-4;0=nodisease/healthyseedling;1=yellowleaves;2=yellowleavesandslightlywilted;3=severewilt;and4=dead seedling.

166  9AverageofF.oxysporumpopulation(cfu/gfreshweight)=(PoA+P:B+P,C+PsD+P4E)/N;whereP0,P1,P2,P3,andP4=populationofpathogeninscore0,1,2,3,and4: A=numberofplantsonscore
167 0;B=numberofplants onscorel; C=numberofplantsonscore2;D=number ofplantsonscore3;E=numberof plants on score4; N= totalnumberofplants.

168  9F.oxysporumisolates

169  9Valuesfollowed bythesameletterineachrowarenot significant.
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Table3.Fusariumoxysporumpopulationaverageanddiseasesindexofplant

Populationaverage(x10*CFU/gfresh Diseaseindex®
Plantspecies weight)?

AF019BF05DF11AF01BF05DF11
Acaciacrassicarpa 85.13 92.61 81.20 4.00 348 3.96
Falcatariamoluccana 76.50 43.85 47.93 344 3.04 2.80
Archidendronpauciflorum 5.06 3.60 219 1.96 1.88 140
Leucaenaleucocephala 22.13 11.16 19.69 152 1.56 1.68
Parkiaspeciosa 2.16 0.87 579 1.80 1.04 2.16
Acaciaauriculiformis 4.65 3.98 5.05 0.36 0.40 0.60

3 Average ofF. oxysporumpopulation(cfu/gfreshweight)= (PoA+P1B+P2C+PsD+P4E)/N;whereP0,P1,P2,P3,andP4=population
ofpathogenin score0,1,2,3,and4: A=numberofplantsonscore0;B=numberofplantsonscorel;C=numberofplantson score
2;D=numberofplantsonscore3;E=numberofplantsonscore; N=totalnumberofplants.
D10-4;0=nodisease/healthyseedling; 1=yellowleaves; 2=yellowleavesandslightlywilted; 3=severewilt;and4=
deadseedling.

9F.oxysporumisolates.

Discussion179
ArecentstudyreportedanextraordinaryincidenceofseedlingwiltdiseasecausedbyfungalpathogenF.oxysporum
attackingcommercialnurseriesofA.mMangiuminSouthSumatra(Solehaetal.2021).Therefore, theinvestigationofa |

newhostofthepathogenisanimportantstepintheplantprotectionstrategyforsoil-bornediseases. Hostrangetestsalso
provideinformationaboutplantspeciesthathavethepotentialtobecomealternativehostsormainhostsforthe pathogen
Sampaioetal.2021).

TheresultsindicatedthatF.oxysporum,whichcausesvascularwiltinA.mangiumnursery,canalsoinfectfabaceae
plantswithvarioushostresponses..A.crassicarpaandF.moluccanawerehighlysusceptible,whileA.pauciflorum,L.
leucocephala,andP.speciosaweremoderatelyvulnerable,andA.auriculiformiswasmoderatelyresistant.Pathogen
causedwiltingsymptomsinalltestplantspecieswithD1of4.00. AlthoughDlwaslower(0.36)inA.auriculiformis,butit
hadthepotentialtodamageplants. F.oxysporumabletoinfectplantsevenwithalowDI,causingthedeathofcultivars.
Moreover,whenaplantisgrownincontaminatedsoil,thereisahighriskofdamagetocrops. Asimilarincidentwas
reportedbyPastranaetal (2017) ....... JinwhichF, oxysporumfrombIackberryalsocausedsuddendeath|n

strawberries.; JAnotherstudyalsorevealedthatF.oxysporum

fromcactuscausesrootandstemrotalsocausesdlseasesomnEuphorbla(Bertettletal 2017).whencultivatedorthe——

sameland——.
Theresultsrevealedthatseveraltypesofplantsbelongingtothefabaceaefamilyhadgreatpotentialtobecomean
alternativehostsandevenmainhostforF oxysporumwhenplantedinthesamefield Widespreadofthispathogenmay - ‘

speuesaffectedtheoccurrenceofnewoutbreaksbecausethepathogen|cstralnsadaptedtothesm Iandhad became
virulent (Sampaioetal.2021;StukenbrockandMcDonald2008). Furthermore, nurseryactivitiesthatuse contaminated |

soilrepeatedlyalsotriggeredthepathogensproliferationandadaptationtootherplants. |

ThepathogenpopulationinA.crassicarpaandF.moluccanagrewveryrapidlywithincreasingdiseasescores,whilein L.
leucocephala grew moderately, and A. pauciflorum, P. speciose, and A. auriculiformis grew slowly. In this study,
thepopulationof F. oxysporum onhighlysusceptible plants (A. crassicarpaand F. moluccana) was 5|gn|f|cantl
higherthanotherplantsforeachdiseasescore. Thisp. €] opulatlonofthe
dlsease scores Scott et al. (2014)T'

beangenotypeshowedapopulationlevelof15.4x10°CFU%*(deBorbaetal. 2017)(.InTthesecondpatternwasobserved on L

leucocephala, where the population of pathogen was also moderate within a moderate a moderate

diseasesscore-susceptiblehost{tleucocephala). TheS|m|Iarresultwasalsooccurredlngarl|cwnhadlseaseseverltyof44%dueto

Fusariumspp.infection,whichshowedasignificanttymoderatehighernumberofpathogensonroots(Molinero-Ruizetal. 2011)-o~ |
A special pattern occurred on A. paumﬂorum that could have been that F. oxysporum causedJeya

ﬂreportedthatresnstantpepperpIantsalsosupportpathogendeveIopmentlnroots evenwithoutexternalsymptoms.
Similarphenomenawasreportedby _Muslimetal.(2003a) ~ _----whonotedthatsometomatoplantsareinfected-

moderately(score1-2)byF.oxysporumf.sp.lycopersici,butthepopulationwaslowerthanotherplantsinsamescore. -
TheinfectionandtotalpopulationonParkiaspeciosaandA.auriculiformiswaslower. Thisindicatedthatplanst
belongedtotheresistantplantgroup. JFangetal.(2012)  —————reportedthatwhenresistantstrawberryplantswere |

inoculatedwithF.oxysporumf.sp.fragariae,thecultivarformedabarrierwithaccumulatedphenoliccellsinthe
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hypodermallayerthateffectivelylimits thepathogencolonisationandpreventtheinvasionof root vasculartissue. If
thetissuepenetrationbyhyphaewaslimitedtotheepidermisepidermis,thenthepathogensdonotreachthevasculartissue.\VanDenBerge

- F.oxysporumf.sp. Formatted:Highlight
ubensecorrespondwiththis,withasignificantincreaseintheinductionofcellwall -associatedphenoliccompounds. Jiménez- 1 é ” | iahliht

xylem in resistant chickpea cultivars.

Inthisstudy, A.crassicarpaand F.moluccana wereproventobeanalternativehostof F. oxysporum.Whereas L.leucocephala,
A.pauciflorum, P.speciosa,and A.auriculiformishadpotentialasalternativehosts.Manyplantsoffabaceae family was attacked
byformae specialis F. oxysporum, suchas Vigna angularis (F. oxysporum f.sp.
adzukicola),Cicerarietinum,Cicerspp.(F.oxysporum f.sp. ciceris), Acaciaspp.(F.oxysporum f.sp. koae),

Lensculinaris,L.esculenta(F.oxysporum f.sp. lentis), Medicagosativa(F.oxysporum f.sp. medicaginis), Phaseolusvulgaris, | Formatted:Highlight

P.coccineus(F.oxysporum f.sp. phaseoli), Pisumsativum,Cicerarietinum(F.oxysporum f.sp. pisi)(Edel-
HermannandLecomte2019)---.However,inthisstudy,
F.oxysporumisolatedfromA.mangiumhasawidehostrangefromfabaceaefamily; therefore, it is not classified as formae specialis.
Inconclusion, F.oxysporumisolatedfromA.mangiumcausesinfectioninseveraltypesofforestandindustrial plants.
Sinceithasawidehostrange,itisnotclassifiedaspartoftheformaespecialisgroup.
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1 HostrangestudiesofFusariumoxysporum, causalagent of seedlingwilt

2 diseaseofAcaciamangium

3

4

5

6  Abstract.FusariumoxysporumisaseriouspathogenthatcausesseverewiltdiseaseincommercialnurseriesofAcaciamangiumin

7 SouthSumatra. ThisstudyaimedtoinvestigatethehostrangeofF.oxysporumasanurserywiltpathogeninA.mangiumandseveral

8  forestandindustrialplants. ThreeisolatesofF.oxysporumwithdifferenttranslationelongationfactor(tef1-a;)sequencesweretested

9  forpathogenicityondifferentfabaceaefamilyplantsandthegrowthofpopulationwasalsoobserved. Theresultsshowedthatallthe
10 threeisolateswereabletoinfectallthetestedplantswithdifferentreactionsofwiltdisease. TheAcaciacrassicarpaandFalcataria
11 moluccanawerehighlysusceptible; Archidendronpauciflorum,Leucaenaleucocephala,andParkiaspeciosaweremoderately
12 wulnerableandAcaciaauriculiformiswasmoderatelyresistant. ThepathogenpopulationinA.crassicarpaandF.moluccanagrew
13 rapidlyalongwiththeincreaseindiseasescores,whileinL.leucocephalaitwasmoderate,andslowinA.pauciflorum,P.speciosaand
14 A. auriculiformisplants.Inconclusion,F. oxysporumpathogen,whichwas isolatedfromA.mangium,has awiderange of hostsinthe
15  fabaceaefamily.

16

17  Keyword:Acaciamangium,fabaceae, Fusariumoxysporum,hostrange,seedling wilt
18 INTRODUCTION
19 Acaciamangium(Willd---.)isaspeciesofplantthatoriginatedinseveralregionsofl ndonesia,PapuaNewGuinea, | | Formatted:Highlight
20  andAustralia,andwhich;,hasalsobeenfoundforafewdecadesinthehumidtropicallowlandsofAsia, South America,
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22 inthetropics _(MatsumuraandNaoto2011).  Sincethisplantspeciesisknownforitsfastgrowthandhighadaptabilityt R {Formatted-Highlight
23 variousenvironmentalconditions (Asifetal.2017),  itiswidelyusedforagroforestry, forestry,andrestorationofdegrade g —
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27 nurseriesofA.mangiuminSouthSumatra. Themainsourceoftransmissionisthroughinfectedseedlingsandsoil, which
28 isrelativelydifficulttotreataftercontamination. Thefungussurvivesbyformingchlamydosporesthatallowittolivefora
29  longtime,evenwithoutahostplant _(Ignjatovetal.2012; Koyyappurathetal. 2016;Ranaetal. 2017). Furthermore,it| [ Formatted:Highlight
30 attacksalmosteverytypeofplant,fromcultivatedtoforestandwild(e.g.weeds) (Joshi2018). T hisfungusisalsoableto - { Formatted:Highlight
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MATERIALSANDMETHOD

Fungalisolates45

ThreepathogenicisolatesofF. oxysporum(AFOl BFO5, andDFll) wereselected whlchweredlfferentlated
accordingtotheirtef1-asequence(,wereu : d he
mestpathegenictoA-mangium{Figurel). IsolateswereculturedonPDBIlqUIdmedlum(potatodextrosebroth)and
incubatedat26-28° Conashaker(150rpm)foraboutfivedays. Thenthemyceliasuspensionwasfilteredusingtwo
layersofsterilegauzetoseparatetheconidiaandhyphae. Theconidialconcentrationwasdeterminedusinga
hemocytometer and then adjusted to a concentration 5 ml- for pathogenicity test.52

Figurel.F.oxysporumisolatesonPDAmedium.(a)AF01,(b)BF05, and(c)DF11.Firstline:Frontfrontview;secondline:reverse
view.

Plantmaterial57
Theplantsusedweremembersofthefabaceaefamily,namelyA.crassicarpa,A.auriculiformis,F.moluccana,A.
pauciflorum,P.speciosa,andL.leucocephala,whichwereonemonthold.TheseedlingswereobtainedfromtheForest
CropsResearchlinstitute, SouthSumatra.Seedlingsweretransferredinamixedmediumwithcocopeat(1: 1)usinga
plasticpotofl0cmdiameterand10cmheight,andthenplacedinashadehouse.

Pathogenicitytest
Apathogenicitytestwascarriedoutusingrootdipmethod,inwhichtherootswerewashedunderrunningwaterand
thenimmersedin250mlofconidiasuspension(10%conidiaml™)forl5minutes. Thecontrolplantswereimmersedin
steriledistilledwater,andtheseedlingsweretransplantedintoplasticpotsandplacedunderahouseshade.Eachisolate
wasinoculatedon25plantswithfivereplicates(fiveplantsper-replicate). Then,diseaseseveritywascal culatedusingthe
methoddesignedbynguslimetal (2003a)andmed+ﬁedusingathediseaseindex(DI)vvasclassifiedintofollowing
grades(B+0-4,where0=n,

| Formatted:Highlight

wilt,and4=deadseedling(ref).Furthermore, pIantresponsesweregroupedas R=| reS|stant(DI 0),MR= moderately
resistanﬂtolerance(Dl=<1),MSzn_hoderateIysusceptible(DI=1.0—2.0),stusceptibIe(DI=2.l—3.0)andHS=higth

susceptible(DI=3.1-4.0).Thedevelopmentofdiseasewasobserved1-21daysafterinoculation.

Fusariumoxysporumpopulation

ThepopulationofF.oxysporumintherootswascal culatedattheendoftheexperimentusingthemethodof(Muslim
etal.2003b; Lietal.2008; Horinouchietal. 201 1)withmodificationstothesurfacesterilizationofsamples. Thenthe
plantsweregroupedaccordingtoseverity(diseasescore)andwashedseparatelyunderrunningwatertoremovesoil
residues.Afterthat,allplantsineachscoreweresurfacesterilisedusing1%sodiumhypochloritefor15minutes, then
rinsedthreetimeswithdistilledwater. Thesamplesandwater(1:100w/v)werehomogenisedusingblenderat8000 rpm
forl0minutes.Thentheywerefilteredusingtwolayersofsterilegauzeanddiluted10to1000times.T hesuspensionwas
spreadonPeptonePCNBagarmMedia(PPA/NashSnyderMedium)(LeslieandSummerrel,2006)intriplicate(fivePetri

Commented[AKG1]:Ifyouhavefollowedanyreferencefordisease

--| index please mention the author name.

I Formatted:Highlight

dishesperreplication)andincubatedindarkforsevendaysatroomtemperature. Thenumberofcolony-formingunits
(CFU)ofF.oxysporumwascal culatedonthebasisoffreshweightpergramofsampleandgroupedaccordingtothelevel

I Formatted:Highlight

ofdlseasesseverltyle%fe\l recordedbasedonthediseaseseverity.
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RESULTSANDDISCUSSIONN

Pathogenicitytest

Theresultsshowedthatallthesixforestplantstestedhadsimilarreactiontothepathogen.Sevendaysafter
inoculation,alltheplantsshowedtypicalsymptomsofF.oxysporuminfection,i.e.yellowingofoldestleavesclosesttothe
stembase,whichgraduallyprogresstoyoungershoots,severewilting,drying, fallingofleaves,andeventuallyplantdie.
Anothersymptomthatappearedwassuddenwiltinganddeathofplantwithoutchangingtheleafcolour,while control
plantsdidnotshowanysymptoms(Figure2,3,4,5,6&7).

Figure2.DiseaseindexofAcaciacrassicarpa,(a)fromleft:healthyplantto 100%wiltedleaves(score0—4);(b)initialsymptoms:
yellowingfromoldestleaves;(c)advancedsymptoms:fallingleaves; (d)deadplant.

Figure3. Diseaseindex onFalcatariamoluccana,(a)fromleft:healthy plant to100% wiltedleaves (score0—4); (b) initialsymptoms:
yellowingfromoldestleaves;(c)advancedsymptoms:curved,dry,andfallingleaves;(d)deadplant.
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Figure4.Diseaseindexon Archidendronpauciflorum,(a)fromleft:healthyplantto 100%wiltedleaves(score0—4),(b)initialsymptoms: yellowing and

dry from oldest leaves, (c) advanced symptoms: falling leaves, (d) dead plant.

Figure5.DiseaseindexonLeucaenaleucocephala,(a) fromleft:healthy plant to100%wilted leaves(score0—4);(b)initial symptoms:yellowing from

oldest leaves; (c) advanced symptoms: curved leaves; (d) yellowing upward.

Figure6.DiseaseindexonParkiaspeciosa,(a)frqmleft:healthyplantto 100%wiltedleaves(score0—4);(b)initialsymptom:

from oldest leaves; (c) advanced symptoms: curved leaves; yellowing (d) dead plant.
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Figure 7.Disease index onAcacia auriculiformis,(a) from left: healthy plant to 200% wilted leaves-and dead plant (score 0 -4) and—4));
(b and ¢) advanced symptoms: ........ —a | - ( Formatted:English(UnitedStates) ]
Diseaseseveritywassignificantlyhigherthancontrols. A.crassicarpaand
F.moluccanaweremostsevereIyaffectedwithanaveragescoreof4.00and3.44,respectivelyandtheincidenceofwiltingvvaleO%.Onth
eotherhand, A.pauciflorum, L.leucocephala,and
P.speciosawereshowedmoderatediseaseseverityi.e.1.96,1.68,and1.80,respectively,whereas |
A.auriculiformishadthelowest(0.36)diseaseseverity(Table1)and(16%)incidence)(Tablel).Basedonthediseasescore, hostplantswer
eclassifiedintothreegroups:i)highlysusceptible(A.crassicarpaand F.moluccana),ii)moderatelysusceptible(A.pauciflorum
P.speciosa,and L.leucocephala),andiii)moderateresistance/tolerance (A. auriculiformis) (Table 1).
-Resultexhibitedthattherewasnosignificantdifferencebetweenthediseaseseverityinthesamehostthathadbeeninoculated with |
different isolates.
Tablel.PathogenicityanddiseaseDiseaseseverityandhostresponsestoofFusariumoxysporumisolatedfrom Acaciamangium | - [ Formatted:Highlight ]
128 i { Formatted:Highlight ]
Isolates?
Plantspecies
AF01PResponse 9BFO05ResponseDF11Response
Acaciacrassicarpa 4.00a HS®) 3.48a HS 3.96a
HSFalcatariamoluccana 3.44ab HS 3.04a HS Commented[AKG2]:Sstandsforsusceptiblebutinthetextyouhave
2.80ab SArchidendronpauciflorum 1.96bc MS L ;'la:‘:s':'cehdec':kﬁ'[;g‘a?;'a NEENE €5 Ty QLB Tle e ‘
1.88b MS 1.40cd MSLeucaenaleucocephala
1.52¢ Ms 1.56b Ms 1.68bc C ed[AKG3]:Sstandsforsusceptiblebutinthetextyouhave
MsParkiaspeciosa 1.80c MS 1.04bc I\J’IS 777777777777777777777 :Ig‘aasisr]lfled Parkia speciosa moderate susceptible host. Pleasecheck it ‘
2.16bc S
Acaciaauriculiformis 0.36d MR 0.40c MR 0.60d

MRValues followed by the same letter in each row are not significant.
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2 D10-4,where0=nodisease/healthyseedling,1=yellowleaves,2=yellowleavesandslightlywilted,3=severewilt,
and4=deadseedling.

bF.oxysporumisolates.

9Hostresponseweregrouped as:R= resistant(DI = 0);MR=moderatelyresistant/tolerance(DI =<1);MS=moderatelysusceptible
(DI=1.0-2.0);S=susceptible(DI=2.1-3.0);HS=highlysusceptible(DI1=3.1-4.0)(Bertettietal.2018)

Fusariumoxysporumpopulation

Thetotalpopulationof F.oxysporumontherootswasdeterminedbycalculatingtheCFUforeachcategoryofdamage. The results
showed that at a score of 4, A. crassicarpa and F. moluccana showed a significantly higher population(82.00-105.10 x 10*
CFU gt fresh weight) thanother plants. The lowest population was recorded in P. speciosa and A.pauciflorum
(3.57-12.27x10*CFUg freshweight). Thissame patternalgooccurredin DI12and3,while \nosample was .| Commented [AKG4]: Ihave asked you earlier that what do
recordedin A AuriculiformisforDIzhighestpopulationwasrecordedinF.moluccanaandL. youmeanbynosamp les. DoesitmeanthatFusaiumwasnotfoundinA. Auri
2and3.leucocephala,whileA crassicarpaandA.auriculiformis adnosample  forDI1.  Incontrolplants(DI=0)eontrolplants EloiiRlesscloleafiy
{D1=0),thepopulationwassignificantlyhigherinL.leucocephalaandA.auriculiformisandnosamplewasnotedinA.
crassicarpaandF.moluccanaforDLQ%(Table2&Table3).

Theregressionanalysisresultsshowedthatallplantsexcept
P.speciosahadalinearrelationshippatternbetweentheincreaseindiseasescoreandpopulation.Thepathogenicpopulationon
A.crassicarpaand F.moluccanagrewrapidlyalong with theincrease in disease scores, as indicated by the magnitude ofregression
gradient coefficient (m=20.3-21.3).However,moderateincreasewasobservedin L.leucocephala(m=11.2)(m=11.2)andveryslowin
A.pauciflorum, P.speciose, and A. auriculiformis (m=2.2—-4.8) (Figure 8).

Table3showedthatisolatesweredifferentin tef1-
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| Commented[AKG5]:Againthesamequestionthatihaveaskedyouear
lier thatwhatdoyou meanby nosamples. Does it meanthatFusaium
was not found in A. Auriculiformisand A. crassicarpa.

Pleaseclearit.

a,butthepopulationandDI patternsweresimilarforeachtestplant. Thecorrelationbetweenthepopulationofpathogen(g” [ Formatted:Highlight ]
freshweight)andthelevelofDIweredescribedasfollows: \[ Formatted:HighightCommented( ]
i)highpathogenpopulationswithhighDI(A.crassicarpaand F.moluccana),ii)moderatepopulationwithmoderateDI(L. iHighllg
leucocephala), iii) low population with moderate DI (A. pauciflorum), andiv) low populationwithlow DI (P. speciosaand A. \[ AKG6]: ConfusinglinFormatted:Hig ]
auriculiformis). ‘[hlight ]
. . A [ Commented[AKG7 ]:Removetheoldfigure ]
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Figure8.Regressionanalysisofdiseasescorerateand F.oxysporumpopulation
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163  Table 2.Fusarium oxysporum population onrootineachdiseaseindex
164

PopulationofFusariumoxysporum(x10*CFU/gfreshweight)?

Plantspecies 091234 Average®
AF019
Acaciacrassicarpa ns ns ns ns 85.13a° 85.13
Falcatariamoluccana ns 17.,77a 22.77a 60.98a 91.87a 76.50
Archidendronpauciflorum 0.45b 1.10b 3.22b 8.15b 12.53cd 5.06
Leucaenaleucocephala 6.17a 18.10a 20.93a ns 51.67b 22.13
Parkia speciosa 0.32b 0.45b 2.58b 7.27b 3.57d 2.16
Acaciaauriculiformis 2.92a ns ns ns 24.53c 4.65
BFO05
Acaciacrassicarpa ns ns 51.80a 72.08a 105.10a 92.61
Falcatariamoluccana ns 13.22a 15.32b 40.33b 61.67b 43.85
Archidendronpauciflorum 0.47c 0.63b 1.73c 6.88c 9.90d 3.60
Leucaenaleucocephala 4.67a 9.02a 12.32b 29.32b ns 11.16
Parkia speciosa 0.48c 0.57b 1.27c 2.33d ns 0.87
Acaciaauriculiformis 2.55b ns ns ns 20.43c 3.98
DF11
Acaciacrassicarpa ns ns ns 61.92a 82.00a 81.20
Falcatariamoluccana ns 12.50a 27.47a 54.93a 73.00a 47.93
Archidendronpauciflorum 0.35¢ 0.35b 3.37c 4.42c 6.92e 219
Leucaenaleucocephala 5.58a 11.17a 16.53b 36.63b 54.27b 19.69
Parkia speciosa 0.25¢ 0.48b 1.58¢ 11.97d 12.27d 5.79
Acaciaauriculiformis 2.83b ns ns ns 21.28c 5.05

165  n.s:No sample,cfu:colonyformingunit

|166 AF, oxysporum populationsealculatedat theendoftheexperiment (21daysafterinoculation).

167  YDI0-4;0=nodisease/healthyseedling;1=yellowleaves;2=yellowleavesandslightlywilted;3=severewilt;and4=dead seedling.

168  9AverageofF.oxysporumpopulation(cfu/gfreshweight)=(PoA+P:B+P,C+PsD+P4E)/N;whereP0,P1,P2,P3,andP4=populationofpathogeninscore0,1,2,3,and4: A=numberofplantsonscore
169 0;B=numberofplants onscorel; C=numberofplantsonscore2;D=number ofplantsonscore3;E=numberof plants on score4; N= totalnumberofplants.

170  9F.oxysporumisolates

171 9Valuesfollowed bythesameletterineachrowarenot significant.
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Table3.Fusariumoxysporumpopulationaverageanddiseasesindexofplant

Populationaverage(x10*CFU/gfresh Diseaseindex®
Plantspecies weight)?

AF019BF05DF11AF01BF05DF11
Acaciacrassicarpa 85.13 92.61 81.20 4.00 348 3.96
Falcatariamoluccana 76.50 43.85 47.93 344 3.04 2.80
Archidendronpauciflorum 5.06 3.60 219 1.96 1.88 140
Leucaenaleucocephala 22.13 11.16 19.69 152 1.56 1.68
Parkiaspeciosa 2.16 0.87 579 1.80 1.04 2.16
Acaciaauriculiformis 4.65 3.98 5.05 0.36 0.40 0.60

3 Average ofF. oxysporumpopulation(cfu/gfreshweight)= (PoA+P1B+P2C+PsD+P4E)/N;whereP0,P1,P2,P3,andP4=population
ofpathogenin score0,1,2,3,and4: A=numberofplantsonscore0;B=numberofplantsonscorel;C=numberofplantson score
2;D=numberofplantsonscore3;E=numberofplantsonscore; N=totalnumberofplants.
D10-4;0=nodisease/healthyseedling; 1=yellowleaves; 2=yellowleavesandslightlywilted; 3=severewilt;and4=
deadseedling.

9F.oxysporumisolates.

Discussion181
A recent study reported an extraordinary incidence of seedling wilt disease caused by fungal pathogen F.
oxysporumattackingcommercialnursgriesof A.mMangiuminSouthSum
host of the pathogen is an important step in the plant protection strategy for soil-borne diseases. Host range tests alsoprovide
information aboutplant species that have the potential to become alternative hostsor main hosts for the pathogen(Sampaio et af.
2021).
Theresultsindicatedthat
F.oxysporum,whichcausesvascularwiltinA.mangiumnursery,canalsoinfectfabaceaeplantswithvarioushostresponses..A.crassicar
paand F.moluccanawerehighlysusceptible,while A.pauciflorum, L.leucocephala,and P.speciosaweremoderatelyvulnerable,and
A.auriculiformiswasmoderatelyresistant.Pathogencausedwilting symptoms in all test plant species with DI of 4.00. Although
DI was lower (0.36)in A. auriculiformis, but ithadthepotentialtodamageplants.
F.oxysporumabletoi nfectplantsevenwithalowDI causingthedeathofcultivars.Moreover,whenaplantisgrownincontaminatedsoil, t
hereisahighris| ,inwhich
F.oxysporumfromblackberryalsocausedsuddendeath|nstrawberr|es ;therefore |tpec0mesathreatwhenplantedonadjacentland.An
frenstadfladsorsesededthaliteonyemeaneusesdiseasesenininEuphorbia(Bertettietal.2017).
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= [ Formatted:Highlight

= [ Formatted:Highlight

- {Formatted:Highlight

whencultivatedonthe

sameland——.

The results revealed that several types of plants belonging to the fabaceae family had great potential to becom\t
analternative hosts andeven main host for F. oxysporum whenplantedin the same field. Widespread of this pathogenmayalloy
interaction with new plants (Edel-Hermann and Lecomte 2019; Sampaio et al. 2021). Moreover, the planting of
newspecjesaffectedtheoccurrenceofnewoutbreaksbecausethepathogenicstrainsadaptedtothesoilandhadbecame |
virulent (Sampaioetal.2021;StukenbrockandMcDonald2008). Furthermore, nurseryactivitiesthatusecontaminated |
soilrepeatedlyalsotriggeredthepathogensproliferationandadaptationtootherplants.

ThepathogenpopulationinA.crassicarpaandF.moluccanagrewveryrapidlywithincreasingdiseasescores,whilein L.
leucocephala grew moderately, and A. pauciflorum, P. speciose, and A auriculiformis grew slowly. In this study,
thepopulationof F. oxysporum onhlthvsusceptlble plants (A.
higherthanotherplantsforgachdiseasescore. T ki vy vy
disease scores (Scott et al. (2014).This pattern was common where hlgh disease scores were also found in the
highpopulationdeBorbaetal .(2017)reportedthatsusceptiblelettucecultivarsshowedhigh Fusariumpopulationlevel
and vulnerable black bean genotype showed a population level of 15.4 x 10° CFU 9de Berbaetal2017). (—ta-Tthe
ThesecondpatternwasobservedonL.leucocephala,wherethepopulationofpathogenwasalsomoderatewithinamoderate
amoderatediseasesscore-suseeptiblehost(-leucocephala)- Thesimilarresultwasalsooccurredingarlicwithadiseas F
severityof44%dueto Fusariumspp.infection,whichshowedasignificantlymoderatehighernumberofpathogensonroots (Molinero-|
Ruiz et al. 2011).

AspecialpatternoccurredonA.pauciflorumthatcouldhavebeenthatinwhichF. oxysporumcausedbyamoderat
pathogeninfection,butthepathogenpopulationwaslow.Thismightbeduetotheplantdefence mechanism. Scotteta
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ror d:Hightight
(2014)——-rreportedthatresistantpepperplantsalsosupportpathogendevelopmentinroots,evenwithoutexternal -
symptoms.Similarphenomenawasreportedby Muslimetal.(2003a) ————whonotedthatsometomatoplantsare - { Formatted:Highlight

infected moderately (score 1-2) by F. oxysporum f. sp. lycopersici, but the population was lower thanother plants insamescore

TheinfectionandtotalpopulationonParkiaspeciosaandA.auriculiformiswaslower. Thisindicatedthatplanst —r
Fangetal.(2012)

plantshelongedtotheresistantplantgroup. ——=reportedthatwhenresistantstrawberryplantswere
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inoculatedwith F.oxysporumf.sp.
fragariae,thecultivarformedabarrierwithaccumulatedphenoliccellsinthehypodermallayerthateffectivelylimitsthepathogencolonis
ationandpreventtheinvasionofrootvasculartissue. I fthetissuepenetrationbyhyphae

ight

waslimitedtotheepidermisepidermis,thenthepathogensdonotreachthevasculartissue-\VVanDenBergetal.(2007)----reportedthatban Formatted:Hi:hliqht

xylem in resistant chickpea cultivars.

Inthisstudy, A.crassicarpaand F.moluccana wereproventobeanalternativehostof F. oxysporum.Whereas L.leucocephala,
A.pauciflorum, P.speciosa,and A.auriculiformishadpotentialasalternativehosts.Manyplantsoffabaceae family was attacked
byformae specialis F. oxysporum, suchas Vigna angularis (F. oxysporum f.sp.
adzukicola),Cicerarietinum,Cicerspp.(F.oxysporum f.sp. ciceris), Acaciaspp.(F.oxysporum f.sp. koae),

Lensculinaris,L.esculenta(F.oxysporum f.sp. lentis), Medicagosativa(F.oxysporum f.sp. medicaginis), Phaseolusvulgaris, | Formatted:Highlight
P.coccineus(F.oxysporum f.sp. phaseoli),Pisumsativum,Cicerarietinum(F.oxysporum f.sp. pisi)(Edel- I
HermannandLecomte2019)---.However,inthisstudy,
F.oxysporumisolatedfromA.mangiumhasawidehostrangefromfabaceaefamily; therefore, it is not classified as formae specialis.

Inconclusion, F.oxysporumisolatedfromA.mangiumcausesinfectioninseveraltypesofforestandindustrial plants.
Sinceithasawidehostrange,itisnotclassifiedaspartoftheformaespecialisgroup.
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Answer Review 2

HostrangestudiesofFusariumoxysporum, causalagent of seedlingwilt
diseaseofAcaciamangium

Abstract.FusariumoxysporumisaseriouspathogenthatcausesseverewiltdiseaseincommercialnurseriesofAcaciamangiumin
SouthSumatra. ThisstudyaimedtoinvestigatethehostrangeofF.oxysporumasanurserywiltpathogeninA.mangiumandseveral
forestandindustrialplants. ThreeisolatesofF.oxysporumwithdifferenttranslationelongationfactor(tef1-o)sequencesweretested
forpathogenicityondifferentfabaceaefamilyplantsandthegrowthofpopulationwasalsoobserved. Theresultsshowedthatal lthe
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threeisolateswereabletoinfectallthetestedplantswithdifferentreactionsofwiltdisease. The AcaciacrassicarpaandFalcataria

moluccanawerehighlysusceptible; Archidendronpauciflorum,Leucaenaleucocephala,andParkiaspeciosaweremoderately

wulnerableandAcaciaauriculiformiswasmoderatelyresistant. ThepathogenpopulationinA.crassicarpaandF.moluccanagrew

rapidlyalongwiththeincreaseindiseasescores,whileinL.leucocephalaitwasmoderate,andslowinA.pauciflorum,P.speciosaand

A. auriculiformisplants.Inconclusion,F. oxysporumpathogen,whichwas isolatedfromA.mangium,has awiderange of hostsinthe
fabaceaefamily.

16

Keyword:Acaciamangium,fabaceae, Fusariumoxysporum,hostrange,seedlingwilt

INTRODUCTION

Acaciamangium(Willd.)isaspeciesofplantthatoriginatedinseveralregionsofindonesia,PapuaNewGuinea,and

Australia,andwhich,hasalsobeenfoundforafewdecadesinthehumidtropicallowlandsofAsia,SouthAmerica, and
Africa(KoutikaandRichardson2019).Itisplantedonalargescaleforindustrial purposesandforestrestorationinthe
tropics(MatsumuraandNaoto2011).Sincethisplantspeciesisknownforitsfastgrowthandhighadaptabilitytovarious
environmentalconditions(Asifetal.2017),itiswidelyusedforagroforestry, forestry,andrestorationofdegradedland

(KoutikaandRichardson2019).
Fusariumoxysporumisanimportantpathogenicfungusthatcauseswiltdiseaseindifferentplantsallovertheworld.

Solehaetal.(2021)reportedthatitwasidentifiedasthecausativeagentofvascularwiltinseveralcommercialnurseries of
A.mangiuminSouthSumatra. Themainsourceoftransmissionisthroughinfectedseedlingsandsoil ,whichisrelatively
difficulttotreataftercontamination. Thefungussurvivesbyformingchlamydosporesthatallowittoliveforalongtime,
evenwithoutahostplant(lgnjatovetal.2012; Koyyappurathetal.2016; Ranaetal.2017).Furthermore,itattacks almost
everytypeofplant,fromcultivatedtoforestandwild(e.g.weeds)(Joshi2018).Thisfungusisalsoabletoattack various

planthabitssuchastrees(Zhangetal.2013),herbaceousplants(JacobsandHeerden2012),andvines(Rooney-Latham

andBlomquist2011).SeveraltypesofforestplantsthathavereportedlybeenattackedbyF.oxysporumarePinus

massoniana(LuoandY u2020), Tectonagrandis(Borgesetal.2018), Pseudotsugamenziesii(Stewartetal.2011),Acacia
mangium(Widyastutietal.2013)andothers.
SinceF.oxysporumhasahighlevelofhostspecificity,itisclassifiedasaformaespecies(Burkhardtetal . 2019;

Tayloretal.2019). AccordingtoLeslieandSummerell(2006)morethan100formaespeciesandraceshavebeen

identifiedandarewidespreadintheworld.
BesidesA.mangium,whichisthemainplantofindustrialforestryinlndonesia,otherplants,suchasAcacia

crassicarpa,Acaciaauriculiformis,Parkiaspeciosa,Archidendronpauciflorum,Falcatariamoluccana,andLeucaena

leucocephalaarealsoimportantandhavehigheconomicvalue.Consideringthattheybelongtothesame family
(Fabaceae),theycanbecomethemainoralternativehostsfor F.oxysporum,causativeagentofwiltdisease. Thisstudy

aimedtoinvestigatethehostrangeofF.oxysporumasanurserywiltpathogeninA.mangiumandseveralindustrialand

localforestplantsinindonesia.
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MATERIALSANDMETHOD

Fungalisolates45
ThreepathogenicisolatesofF.oxysporum(AF01,BF05,andDF11)wereselected,whichweredifferentiated
accordingtotheirtef1-asequence(Figurel).IsolateswereculturedonPDBliquidmedium(potatodextrosebroth) and

incubatedat26-28° Conashaker(150rpm)foraboutfivedays. Thenthemyceliasuspensionwasfilteredusingtwo
layersofsterilegauzetoseparatetheconidiaandhyphae. Theconidialconcentrationwasdeterminedusinga
hemocytometer and then adjusted t tration of 10° ml for pathogenicity test.51

Figurel.F.oxysporumisolatesonPDAmedium.(a)AF01,(b)BF05,and(c)DF11.Firstline:frontview;secondline:reverseview.

Plantmaterial55
Theplantsusedweremembersofthefabaceaefamily,namelyA.crassicarpa,A.auriculiformis,F.moluccana,A.
pauciflorum,P.speciosa,andL.leucocephala,whichwereonemonthold.TheseedlingswereobtainedfromtheForest
CropsResearchlinstitute, SouthSumatra.Seedlingsweretransferredinamixedmediumwithcocopeat(1: 1)usinga
plasticpotofl0cmdiameterand10cmheight,andthenplacedinashadehouse.

Pathogenicitytest
Apathogenicitytestwascarriedoutusingrootdipmethod,inwhichtherootswerewashedunderrunningwaterand
thenimmersedin250mlofconidiasuspension(10%conidiaml™)forl5minutes. Thecontrolplantswereimmersedin
steriledistilledwater,andtheseedlingsweretransplantedintoplasticpotsandplacedunderahouseshade.Eachisolate
wasinoculatedon25plantswithfivereplicates(fiveplantsper-replicate). Then,diseaseseveritywascal culatedusingthe
methodofMuslimetal.(2003a)andthediseaseindex(DI)wasclassifiedintofollowinggrades,where0=no
disease/healthyseedling,1=yellowleaves,2=yellowleavesandslightlywilted,3=severewilt,and4=deadseedling
(Bertettietal.2018).Furthermore,plantresponsesweregroupedas,R=resistant(D1=0), MR=moderately

susceptible(DI=3.1-4.0).Thedevelopmentofdiseasewasobserved1—-21daysafterinoculation.

Fusariumoxysporumpopulation

ThepopulationofF.oxysporumintherootswascal culatedattheendoftheexperimentusingthemethodof(Muslim
etal.2003b; Lietal.2008; Horinouchietal. 201 1)withmodificationstothesurfacesterilizationofsamples. Thenthe
plantsweregroupedaccordingtoseverity(diseasescore)andwashedseparatelyunderrunningwatertoremovesoil
residues.Afterthat,allplantsineachscoreweresurfacesterilisedusing1%sodiumhypochloritefor15minutes, then
rinsedthreetimeswithdistilledwater. Thesamplesandwater(1:100w/v)werehomogenisedusingblenderat8000 rpm
forl0minutes. Thentheywerefilteredusingtwolayersofsterilegauzeanddiluted10to1000times. T hesuspensionwas
spreadonPeptonePCNBagarMedia(PPA/NashSnyderMedium)(LeslieandSummerell2006)intriplicate(five Petri
dishesperreplication)andincubatedindarkforsevendaysatroomtemperature. Thenumberofcolony-formingunits
(CFU)ofF.oxysporumwascalculatedonthebasisoffreshweightpergramofsampleandgroupedaccordingtothelevel
ofdiseasesseverity.

Commented[AKG1]:Ifyouhavefollowedanyreferencefordisease

--| index please mention the author name.




81 RESULTSANDDISCUSSION

82  Pathogenicitytest

83 Theresultsshowedthatallthesixforestplantstestedhadsimilarreactiontothepathogen.Sevendaysafter

84 inoculation,alltheplantsshowedtypicalsymptomsofF.oxysporuminfection,i.e.yellowingofol destleavesclosesttothe
85  stembase,whichgraduallyprogresstoyoungershoots,severewilting,drying,fallingofleaves,andeventuallyplantdie.
86  Anothersymptomthatappearedwassuddenwiltinganddeathofplantwithoutchangingtheleafcolour,while control

87  plants did not show any symptoms (Figures

2-7).88

89

90

91  Figure2.DiseaseindexofAcaciacrassicarpa,(a)fromleft:healthyplantto 100%wiltedleaves(score0—4);(b)initialsymptoms:
92 yellowingfromoldestleaves;(c)advancedsymptoms:fallingleaves;(d)deadplant

93

9
95
96  Figure3.Disease indexonFalcatariamoluccana, (a)fromleft:healthy plantto 100%wiltedleaves (score 0—4);(b) initialsymptoms:
97  yellowingfromoldestleaves;(c)advancedsymptoms:curved,dry,andfallingleaves;(d)deadplant

98
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Figure4.Diseaseindexon Archidendronpauciflorum,(a)fromleft:healthyplantto 100%wiltedleaves(score0—4);(b)initialsymptoms: yellowing .

dry from oldest leaves; (c) advanced symptoms: falling leaves; (d) dead plant

Figure5.DiseaseindexonLeucaenaleucocephala,(a) fromlefi:healthy plant to100%wilted leaves(score0—4);(b)initial symptoms:yellowing fi

oldest leaves; (c) advanced symptoms: curved leaves; (d) yellowing upward

Figure6.DiseaseindexonParkiaspeciosa,(a)fromleft:healthyplantto 100%wiltedleaves(score0—4);(b)initialsymptom:
oldest leaves; (c) advanced symptoms: curved leaves; yellowing (d) dead plant
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Figure7.DiseaseindexonAcaciaauriculiformis,fromleft:healthyplanttowiltedanddeadplant(score0—4)

Diseaseseveritywassignificantlyhigherthancontrols.A.crassicarpaandF.moluccanaweremostseverelyaffected
withanaveragescoreof4.00and3.44,respectively.Ontheotherhand, A.pauciflorum,L.leucocephala,andP.speciosa
wereshowedmoderatediseaseseverityi.e.1.96,1.68,and1.80,respectively,whereasA.auriculiformishadthelowest
(0.36)diseaseseverity(Table1).Basedonthediseasescore,hostplantswereclassifiedintothreegroups:i) highly
susceptible(A.crassicarpaandF.moluccana),ii)moderatelysusceptible(A.pauciflorumP.speciosa,andL.
leucocephala),andiii)moderateresistance/tolerance(A.auriculiformis).Resultexhibitedthattherewasnosignificant
differencebetweenthediseaseseverityinthesamehostthathadbeeninoculatedwithdifferentisolates(Table1).

Tablel.Diseaseseverityandhostresponsesto FusariumoxysporumisolatedfromAcaciamangium

123
Isolates?
Plantspecies
AF01"Response 9BF05ResponseDF11Response
Acaciacrassicarpa 4.00a Hs® 3.48a HS 3.96a
HSFalcatariamoluccana 3.44ab HS 3.04a Hs
2.80ab SArchidendronpauciflorum 1.96bc MS
1.88b MS 1.40cd MSLeucaenaleucocephala
1.52¢ MS 1.56b MS 1.68bc
MSParkiaspeciosa 1.80c MS 1.04bc MS
2.16bc SAcaciaauriculiformis 0.36d
MRO0.40cMR0.60dMR

Valuesfollowedbythesameletterineachrowarenotsignificant.
2D10-4,where0=nodisease/healthyseedling,1=yellowleaves,2=yellowleavesandslightlywilted,3=severewilt,and 4 = dead
seedling.

F.oxysporumisolates.

9 Host response grouped as: R = resistant (DI = 0); MR = moderately resistant/tolerance (DI = <1); MS = moderately susceptible (DI
=1.0-2.0); S = susceptible (DI = 2.1-3.0); HS = highly susceptible (DI = 3.1-4.0) (Bertetti et al. 2018).

Fusariumoxysporumpopulation /
Thetotalpopulationof /

F.oxysporumontherootswasdeterminedbycalculatingthe CFUforeachcategoryofdamage. ForDI14,A.crassicarpaandF.moluccanas

howedasignificantlyhigherpopulation(82.00-105.10x10°CFUg |
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classified Falcataria moluccana as highly susceptible host.
Pleasecheckitagain

" | commented [nd3R2]: We classified Falcataria moluccana

ashighlysusceptiblehostbecausethisplantshowedhighlysusceptible(H
S) responses againsttwo isolates (AF0landBF05)andonlyoneisolate
(DF11) shows susceptible respose (S)

Commented[AKG4]:Sstandsforsusceptiblebutinthetextyouhave
classified Parkia speciosa moderate susceptible host. Pleasecheck it
again.

| Commented [nd5R4]: We classified Parkia speciosa

asmoderate susceptible host because this plant showed
moderatesusceptible(MS)responsesagainsttwoisolates(AF0land BFO
5)and only one isolate (DF11) shows susceptible response (S).

Commented [AKG6]: Ihave asked you earlier that what do

/| youmeanbynosamples. DoesitmeanthatFusaiumwasnotfoundinA.Auri

culiformisPlease clear it

| Commented [nd7R6]: No sample means that there was
‘| notfoundoninoculated Acaciaauriculiformisthatshoweddiseaseindex2

and 3. All inoculated plants showed only disease index 0 anddisease
index 4. In this experiment we observed population
ofFusariumoxysporumbasedondiseaseindexoftheinoculatedplant.

Commented[AKG8]:Againthesamequestionthatihaveaskedyouear
lier thatwhatdoyou meanby nosamples. Does it meanthatFusaium
was not found in A. Auriculiformisand A. crassicarpa.

Pleaseclearit.

| Commented [nd9R8]: No sample means that there was

notfoundoninoculatedA.auriculiformisandA.crassicarpathatshoweddi
sease index 1. All inoculated A. auriculiformis showed onlydiseases
index 0 and 4. While A. crassicarpa showed only

1freshweight)thanotherplants.TheIowestpopuIationwasrecordedinP.speciosaandAl\.pauciflorum(3.57—12.27><1O"
CFUg
freshweight). ThissamepatternalsooccurredinD12and3,whilenosamplewasrecordedinA.auriculiformisforDI12and3.InD11,thehigh
estpopulationwasrecordedin F.moluccanaand L.leucocephala,while A.crassicarpaand A. auriculiformis had no sample for DI
1. In eontrol-plantsinoculated plants with DI0-(P1=0), the population wassignificantly higher in L. leucocephala and A.
auriculiformis and no sample was noted in A. crassicarpa and F. moluccana(Table 2 & Table 3).
Theregressionanalysisresultsshowedthatallplantsexcept
P.speciosahadalinearrelationshippatternbetweentheincreaseindiseasescoreandpopulation. Thepathogenicpopulationon
A.crassicarpaand F.moluccanagrewrapidlyalong with theincrease in disease scores, as indicated by the magnitude ofregression
gradient coefficient (m=20.3-21.3).However,moderateincreasewasobservedin L.leucocephala(m=11.2)(m=11.2)andveryslowin
A.pauciflorum, P.speciose, and A. auriculiformis (m=2.2—4.8) (Figure 8).

| index4(AF01);di index2,3,and4(BF05);anddiseaseindex3
and 4 (DF11). In this experiment we observed population of Fusarium
oxysporum based on disease index of the inoculated plant.
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While, A. crassicarpa and F. moluccana did not produce DI 0 (It
ismean no sample for A. crassicarpa and F. moluccana), because
allplantsshowedsymptoms(Table2). Wehavechange“controlplants™to

be “inoculated plants’
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Table 3showedthatisolateswere different in tef1-a, butthepopulation and Dlpatternsweresimilarforeach testplant. Thecorrelationbetween
the population of pathogen (g fresh weight) and the level of DI were described as follows: i) high pathogen populations withhigh DI (A.
crassicarpa andF. moluccana), ii) moderate population with moderate DI (L. leucocephala), iii) low population withmoderate DI (A.

pauciflorum), and iv) low population with low DI (P. speciosa and A. auriculiformis).
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Figure8.RegressionanalysisofdiseasescorerateandF.oxysporumpopulation
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152  Table 2.Fusarium oxysporum population onrootineachdiseaseindex
153

PopulationofFusariumoxysporum(x10*CFU/gfreshweight)?

Plantspecies 091234 Average®
AF019
Acaciacrassicarpa ns ns ns ns 85.13a° 85.13
Falcatariamoluccana ns 17.77a 22.77a 60.98a 91.87a 76.50
Archidendronpauciflorum 0.45b 1.10b 3.22b 8.15b 12.53cd 5.06
Leucaenaleucocephala 6.17a 18.10a 20.93a ns 51.67b 22.13
Parkia speciosa 0.32b 0.45b 2.58b 7.27b 3.57d 2.16
Acaciaauriculiformis 2.92a ns ns ns 24.53c 4.65
BFO05
Acaciacrassicarpa ns ns 51.80a 72.08a 105.10a 92.61
Falcatariamoluccana ns 13.22a 15.32b 40.33b 61.67b 43.85
Archidendronpauciflorum 0.47c 0.63b 1.73c 6.88c 9.90d 3.60
Leucaenaleucocephala 4.67a 9.02a 12.32b 29.32b ns 11.16
Parkia speciosa 0.48c 0.57b 1.27c 2.33d ns 0.87
Acaciaauriculiformis 2.55b ns ns ns 20.43c 3.98
DF11
Acaciacrassicarpa ns ns ns 61.92a 82.00a 81.20
Falcatariamoluccana ns 12.50a 27.47a 54.93a 73.00a 47.93
Archidendronpauciflorum 0.35¢ 0.35b 3.37c 4.42c 6.92e 219
Leucaenaleucocephala 5.58a 11.17a 16.53b 36.63b 54.27b 19.69
Parkia speciosa 0.25¢ 0.48b 1.58¢ 11.97d 12.27d 5.79
Acaciaauriculiformis 2.83b ns ns ns 21.28c 5.05

154 n.s:No sample,cfu:colonyformingunit

155  3F. oxysporum populationcalculatedat theendoftheexperiment(21daysafterinoculation).

156  YDI0-4;0=nodisease/healthyseedling;1=yellowleaves;2=yellowleavesandslightlywilted;3=severewilt;and4=dead seedling.

157  9AverageofF.oxysporumpopulation(cfu/gfreshweight)=(PoA+P:B+P,C+PsD+P4E)/N;whereP0,P1,P2,P3,andP4=populationofpathogeninscore0,1,2,3,and4: A=numberofplantsonscore
158 0;B=numberofplants onscorel; C=numberofplantsonscore2;D=number ofplantsonscore3;E=numberof plants on score4; N= totalnumberofplants.

159  9F.oxysporumisolates

160  9Valuesfollowed bythesameletterineachrowarenot significant.
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Table3.Fusariumoxysporumpopulationaverageanddiseasesindexofplant

Populationaverage(x10*CFU/gfresh Diseaseindex®
Plantspecies weight)?

AF019BF05DF11AF01BF05DF11
Acaciacrassicarpa 85.13 92.61 81.20 4.00 348 3.96
Falcatariamoluccana 76.50 43.85 47.93 344 3.04 2.80
Archidendronpauciflorum 5.06 3.60 219 1.96 1.88 140
Leucaenaleucocephala 22.13 11.16 19.69 152 1.56 1.68
Parkiaspeciosa 2.16 0.87 579 1.80 1.04 2.16
Acaciaauriculiformis 4.65 3.98 5.05 0.36 0.40 0.60

dAverage ofF. oxysporumpopulation(cfu/gfreshweight)= (PoA+P1B+P2C+P3D+P4E)/N;whereP0,P1,P2,P3,andP4=population
ofpathogenin score0,1,2,3,and4: A=numberofplantsonscore0;B=numberofplantsonscorel;C=numberofplantson score
2;D=numberofplantsonscore3;E=numberofplantsonscore; N=totalnumberofplants.

YDI10-4;0=nodisease/healthyseedling; 1=yellowleaves;2=yellowleavesandslightlywilted;3=severewilt;and4
=deadseedling.

9F.oxysporumisolates.

Discussion170
Arecentstudyreportedanextraordinaryincidenceofseedlingwiltdiseasecausedbyfungalpathogen F.oxysporum
attackingcommercialnurseriesofA.mangiuminSouthSumatra(Solehaetal.2021). T herefore, theinvestigationofanew
hostofthepathogenisanimportantstepintheplantprotectionstrategyforsoil -bornediseases. Hostrangetestsalso
provideinformationaboutplantspeciesthathavethepotentialtobecomealternativehostsormainhostsforthe pathogen
(Sampaioetal.2021).
TheresultsindicatedthatF.oxysporum,whichcausesvascularwiltinA.mangiumnursery,canalsoinfectfabaceae
plantswithvarioushostresponses.A.crassicarpaandF.moluccanawerehighlysusceptible,whileA.pauciflorum,L.
leucocephala,andP.speciosaweremoderatelyvulnerable,andA.auriculiformiswasmoderatelyresistant.Pathogen
causedwiltingsymptomsinalltestplantspecieswithD1of4.00. AlthoughDlwaslower(0.36)inA.auriculiformis,butit
hadthepotentialtodamageplants. F.oxysporumabletoinfectplantsevenwithalowDI,causingthedeathofcultivars.
Moreover,whenaplantisgrownincontaminatedsoil,thereisahighriskofdamagetocrops. Asimilarincidentwas
reportedbyPastranaetal.(2017)inwhichF.oxysporumfromblackberryalsocausedsuddendeathinstrawberries.
Anotherstudyalsorevealedthat F.oxysporumfromcactuscausesrootandstem rotdiseasesin Euphorbia(Bertettietal. 184
Theresultsrevealedthatseveraltypesofplantsbelongingtothefabaceaefamilyhadgreatpotentialtobecomean
alternativehostsandevenmainhostforF.oxysporumwhenplantedinthesamefield. Widespreadofthispathogenmay
allowinteractionwithnewplants(Edel-HermannandLecomte2019; Sampaioetal.2021).Moreover,theplantingofnew
speciesaffectedtheoccurrenceofnewoutbreaksbecausethepathogenicstrainsadaptedtothesoilandhadbecame
virulent(Sampaioetal.2021;StukenbrockandMcDonald2008).Furthermore,nurseryactivitiesthatuse contaminated
soilrepeatedlyalsotriggeredthepathogensproliferationandadaptationtootherplants.
ThepathogenpopulationinA.crassicarpaandF.moluccanagrewveryrapidlywithincreasingdiseasescores,while
inL.leucocephalagrewmoderately,andA.pauciflorum,P.speciose,andA.auriculiformisgrewslowly.Inthisstudy,the
populationofF.oxysporumonhighlysusceptibleplants(A.crassicarpaandF.moluccana)wassignificantlyhigherthan
otherplantsforeachdiseasescore. Thispatterniscommonwherethepopulationofpathogenisalsohigherwithdisease
scores(Scottetal.2014).deBorbaetal.(2017)reportedthatsusceptiblelettucecultivarsshowedhigh Fusarium
populationlevelandvulnerableblackbeangenotypeshowedapopulationlevelof15.4x10°CFU% L. Thesecondpattern
wasobservedonL.leucocephala,wherethepopulationofpathogenwasalsomoderatewithamoderatediseasesscore.
Thesimilarresultwasalsooccurredingarlicwithadiseaseseverityof44%dueto Fusariumspp.infection,whichshowed
amoderatenumberofpathogensonroots(Molinero-Ruizetal.2011).
AspecialpatternoccurredonA.paucifloruminwhichF.oxysporumcausedamoderateinfection,butthepathogen
populationwaslow.Thismightbeduetotheplantdefencemechanism.Scottetal.(2014) reportedthatresistant pepper
plantsalsosupportpathogendevelopmentinroots,evenwithoutexternalsymptoms.Similarphenomenawasreported by
Muslimetal.(2003a) whonotedthatsometomatoplantsareinfectedmoderately(score1—2)byF.oxysporumf.sp.
lycopersici,butthepopulationwaslowerthanotherplantsinsamescore.
TheinfectionandtotalpopulationonParkiaspeciosaandA.auriculiformiswaslower. Thisindicatedthatplants
belongedtotheresistantplantgroup.Fangetal.(2012)reportedthatwhenresistantstrawberryplantswereinoculated with
F.oxysporumf.sp.fragariae,thecultivarformedabarrierwithaccumulatedphenoliccellsinthehypodermallayerthat
effectivelylimitsthepathogencolonisationandpreventtheinvasionofrootvasculartissue. | fthetissuepenetrationby
hyphaewaslimitedtotheepidermis,thenthepathogensdonotreachthevasculartissue.VanDenBergetal.(2007)
reportedthatbananaclonestoleranttoF.oxysporumf.sp.cubensecorrespondwiththis,withasignificantincreaseinthe

2017).
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inductionofcellwall-associatedphenoliccompounds.Jiménez-Fernandezetal .(2013)alsoreportedthat Fusarium
oxysporumf.sp.cicerisraceOremainedintheintercellularspaceofrootcortexandfailedtoreachxyleminresistant
chickpeacultivars.

Inthisstudy,A.crassicarpaandF.moluccanawereproventobeanalternativehostof F.oxysporum.WhereasL.
leucocephala,A.pauciflorum,P.speciosa,andA.auriculiformishadpotentialasalternativehosts.Manyplantsof
fabaceaefamilywasattackedbyformaespecialisF.oxysporum,suchasVignaangularis(F.oxysporumf.sp.adzukicola),
Cicerarietinum,Cicerspp.(F.oxysporumf.sp.ciceris),Acaciaspp.(F.oxysporumf.sp.koae),Lensculinaris,L.
esculenta(F.oxysporumf.sp.lentis),Medicagosativa(F.oxysporumf.sp.medicaginis),Phaseolusvulgaris,P.
coccineus(F.oxysporumf.sp.phaseoli),Pisumsativum,Cicerarietinum(F.oxysporumf.sp.pisi) (Edel-Hermannand
Lecomte2019).However,inthisstudy, F.oxysporumisolatedfromA.mangiumhasawidehostrangefromfabaceae
family;therefore,itisnotclassifiedasformaespecialis.

Inconclusion,F.oxysporumisolatedfromA.mangiumcausesinfectioninseveraltypesofforestandindustrial plants.
Sinceithasawidehostrange,itisnotclassifiedaspartoftheformaespecialisgroup.
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HostrangestudiesofFusariumoxysporum, causalagent of seedlingwilt
diseaseofAcaciamangium

Abstract.FusariumoxysporumisaseriouspathogenthatcausesseverewiltdiseaseincommercialnurseriesofAcaciamangiumin
SouthSumatra. ThisstudyaimedtoinvestigatethehostrangeofF.oxysporumasanurserywiltpathogeninA.mangiumandseveral
forestandindustrialplants. ThreeisolatesofF.oxysporumwithdifferenttranslationelongationfactor(tef1-o)sequencesweretested
forpathogenicityondifferentfabaceaefamilyplantsandthegrowthofpopulationwasalsoobserved. Theresultsshowedthatal lthe
threeisolateswereabletoinfectallthetestedplantswithdifferentreactionsofwiltdisease. TheAcaciacrassicarpaandFalcataria

moluccanawerehighlysusceptible; Archidendronpauciflorum,Leucaenaleucocephala,andParkiaspeciosaweremoderately

wulnerableandAcaciaauriculiformiswasmoderatelyresistant. ThepathogenpopulationinA.crassicarpaandF.moluccanagrew

rapidlyalongwiththeincreaseindiseasescores,whileinL.leucocephalaitwasmoderate,andslowinA.pauciflorum,P.speciosaand

A. auriculiformisplants.Inconclusion,F. oxysporumpathogen,whichwas isolatedfromA.mangium,has awiderange of hostsinthe
fabaceaefamily.

16

Keyword:Acaciamangium,fabaceae, Fusariumoxysporum,hostrange,seedlingwilt

INTRODUCTION

Acaciamangium(Willd.)isaspeciesofplantthatoriginatedinseveralregionsofindonesia,PapuaNewGuinea,and

Australia,andwhich,hasalsobeenfoundforafewdecadesinthehumidtropicallowlandsofAsia,SouthAmerica, and
Africa(KoutikaandRichardson2019).Itisplantedonalargescaleforindustrial purposesandforestrestorationinthe
tropics(MatsumuraandNaoto2011).Sincethisplantspeciesisknownforitsfastgrowthandhighadaptabilitytovarious
environmentalconditions(Asifetal.2017),itiswidelyusedforagroforestry, forestry,andrestorationofdegradedland

(KoutikaandRichardson2019).
Fusariumoxysporumisanimportantpathogenicfungusthatcauseswiltdiseaseindifferentplantsallovertheworld.

Solehaetal.(2021)reportedthatitwasidentifiedasthecausativeagentofvascularwiltinseveralcommercialnurseries of
A.mangiuminSouthSumatra. Themainsourceoftransmissionisthroughinfe ctedseedlingsandsoil,whichisrelatively
difficulttotreataftercontamination. Thefungussurvivesbyformingchlamydosporesthatallowittoliveforalongtime,
evenwithoutahostplant(lgnjatovetal.2012; Koyyappurathetal.2016; Ranaetal.2017).Furthermore,itattacks almost
everytypeofplant,fromcultivatedtoforestandwild(e.g.weeds)(Joshi2018).Thisfungusisalsoabletoattack various

planthabitssuchastrees(Zhangetal.2013),herbaceousplants(JacobsandHeerden2012),andvines(Rooney-Latham

andBlomquist2011).SeveraltypesofforestplantsthathavereportedlybeenattackedbyF.oxysporumarePinus

massoniana(LuoandY u2020), Tectonagrandis(Borgesetal.2018), Pseudotsugamenziesii(Stewartetal.2011),Acacia
mangium(Widyastutietal.2013)andothers.
SinceF.oxysporumhasahighlevelofhostspecificity,itisclassifiedasaformaespecies(Burkhardtetal .2019;

Tayloretal.2019).AccordingtoLeslieandSummerell(2006)morethan100formaespeciesandraceshave been

identifiedandarewidespreadintheworld.
BesidesA.mangium,whichisthemainplantofindustrialforestryinlndonesia,otherplants,suchasAcacia

crassicarpa,Acaciaauriculiformis,Parkiaspeciosa,Archidendronpauciflorum,Falcatariamoluccana,andLeucaena

leucocephalaarealsoimportantandhavehigheconomicvalue.Consideringthattheybelongtothesame family
(Fabaceae),theycanbecomethemainoralternativehostsfor F.oxysporum,causativeagentofwiltdisease. Thisstudy

aimedtoinvestigatethehostrangeofF.oxysporumasanurserywiltpathogeninA.mangiumandseveralindustrialand

localforestplantsinindonesia.
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MATERIALSANDMETHOD

Fungalisolates45
ThreepathogenicisolatesofF.oxysporum(AF01,BF05,andDF11)wereselected,whichweredifferentiated
accordingtotheirtef1-asequence(Figurel).IsolateswereculturedonPDBliquidmedium(potatodextrosebroth) and

incubatedat26-28° Conashaker(150rpm)foraboutfivedays. Thenthemyceliasuspensionwasfilteredusingtwo
layersofsterilegauzetoseparatetheconidiaandhyphae. Theconidialconcentrationwasdeterminedusinga
hemocytometer and then adjusted t tration of 10° ml for pathogenicity test.51

Figurel.F.oxysporumisolatesonPDAmedium.(a)AF01,(b)BF05,and(c)DF11.Firstline:frontview;secondline:reverse view.

Plantmaterial55
Theplantsusedweremembersofthefabaceaefamily,namelyA.crassicarpa,A.auriculiformis,F.moluccana,A.
pauciflorum,P.speciosa,andL.leucocephala,whichwereonemonthold.TheseedlingswereobtainedfromtheForest
CropsResearchlinstitute, SouthSumatra.Seedlingsweretransferredinamixedmediumwithcocopeat(1: 1)usinga
plasticpotofl0cmdiameterand10cmheight,andthenplacedinashadehouse.

Pathogenicitytest
Apathogenicitytestwascarriedoutusingrootdipmethod,inwhichtherootswerewashedunderrunningwaterand
thenimmersedin250mlofconidiasuspension(10%conidiaml™)forl5minutes. Thecontrolplantswereimmersedin
steriledistilledwater,andtheseedlingsweretransplantedintoplasticpotsandplacedunderahouseshade.Eachisolate
wasinoculatedon25plantswithfivereplicates(fiveplantsper-replicate). Then,diseaseseveritywascal culatedusingthe
methodofMuslimetal.(2003a)andthediseaseindex(DI)wasclassifiedintofollowinggrades,where0=no -
disease/healthyseedling,1=yellowleaves,2=yellowleavesandslightlywilted,3=severewilt,and4=deadseedling
(Bertettietal.2018).Furthermore,plantresponsesweregroupedas,R=resistant(D1=0), MR=moderately

susceptible(DI=3.1-4.0).Thedevelopmentofdiseasewasobserved1—-21daysafterinoculation.

Fusariumoxysporumpopulation

ThepopulationofF.oxysporumintherootswascal culatedattheendoftheexperimentusingthemethodof(Muslim
etal.2003b; Lietal.2008; Horinouchietal. 201 1)withmodificationstothesurfacesterilizationofsamples. Thenthe
plantsweregroupedaccordingtoseverity(diseasescore)andwashedseparatelyunderrunningwatertoremovesoil
residues.Afterthat,allplantsineachscoreweresurfacesterilisedusing1%sodiumhypochloritefor15minutes, then
rinsedthreetimeswithdistilledwater. Thesamplesandwater(1:100w/v)werehomogenisedusingblenderat8000rpm
forl0minutes.Thentheywerefilteredusingtwolayersofsterilegauzeanddiluted10to1000times.T hesuspensionwas
spreadonPeptonePCNBagarMedia(PPA/NashSnyderMedium)(LeslieandSummerell2006)intriplicate(five Petri
dishesperreplication)andincubatedindarkforsevendaysatroomtemperature. Thenumberofcolony-formingunits
(CFU)ofF.oxysporumwascalculatedonthebasisoffreshweightpergramofsampleandgroupedaccordingtothelevel
ofdiseasesseverity.
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81 RESULTSANDDISCUSSION

82  Pathogenicitytest

83 Theresultsshowedthatallthesixforestplantstestedhadsimilarreactiontothepathogen.Sevendaysafter

84 inoculation,alltheplantsshowedtypicalsymptomsofF.oxysporuminfection,i.e.yellowingofol destleavesclosesttothe
85  stembase,whichgraduallyprogresstoyoungershoots,severewilting,drying,fallingofleaves,andeventuallyplantdie.
86  Anothersymptomthatappearedwassuddenwiltinganddeathofplantwithoutchangingtheleafcolour,while control

87  plants did not show any symptoms (Figures

2-7).88

89

90

91  Figure2.DiseaseindexofAcaciacrassicarpa,(a)fromleft:healthyplantto 100%wiltedleaves(score0—4);(b)initialsymptoms:
92 yellowingfromoldestleaves;(c)advancedsymptoms:fallingleaves;(d)deadplant

93

9
95
96  Figure3.Disease indexonFalcatariamoluccana,(a)fromleft:healthy plantto 100%wiltedleaves (score 0—4);(b) initialsymptoms:
97  yellowingfromoldestleaves;(c)advancedsymptoms:curved,dry,andfallingleaves;(d)deadplant

98
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Figure4.Diseaseindexon Archidendronpauciflorum,(a)fromleft:healthyplantto 100%wiltedleaves(score0—4);(b)initialsymptoms: yellowing .

dry from oldest leaves; (c) advanced symptoms: falling leaves; (d) dead plant

Figure5.DiseaseindexonLeucaenaleucocephala,(a) fromlefi:healthy plant to100%wilted leaves(score0—4);(b)initial symptoms:yellowing fi

oldest leaves; (c) advanced symptoms: curved leaves; (d) yellowing upward

Figure6.DiseaseindexonParkiaspeciosa,(a)fromleft:healthyplantto 100%wiltedleaves(score0—4);(b)initialsymptom:
oldest leaves; (c) advanced symptoms: curved leaves; yellowing (d) dead plant
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Figure7.DiseaseindexonAcaciaauriculiformis,fromleft:healthyplanttowiltedanddeadplant(score0—4)

Diseaseseveritywassignificantlyhigherthancontrols.A.crassicarpaandF.moluccanaweremostseverelyaffected
withanaveragescoreof4.00and3.44,respectively.Ontheotherhand, A.pauciflorum,L.leucocephala,andP.speciosa
wereshowedmoderatediseaseseverityi.e.1.96,1.68,and1.80,respectively,whereasA.auriculiformishadthelowest
(0.36)diseaseseverity(Table1).Basedonthediseasescore,hostplantswereclassifiedintothreegroups:i) highly
susceptible(A.crassicarpaandF.moluccana),ii)moderatelysusceptible(A.pauciflorumP.speciosa,andL.
leucocephala),andiii)moderateresistance/tolerance(A.auriculiformis).Resultexhibitedthattherewasnosignificant
differencebetweenthediseaseseverityinthesamehostthathadbeeninoculatedwithdifferentisolates(Table1).

Tablel.Diseaseseverityandhostresponsesto FusariumoxysporumisolatedfromAcaciamangium

123
Isolates?
Plantspecies
AF01"Response 9BF05ResponseDF11Response
Acaciacrassicarpa 4.00a Hs® 3.48a HS 3.96a
HSFalcatariamoluccana 3.44ab HS 3.04a Hs
2.80ab SArchidendronpauciflorum 1.96bc MS
1.88b MS 1.40cd MSLeucaenaleucocephala
1.52¢ MS 1.56b MS 1.68bc
MSParkiaspeciosa 1.80c MS 1.04bc MS
2.16bc SAcaciaauriculiformis 0.36d
MRO0.40cMR0.60dMR

Valuesfollowedbythesameletterineachrowarenotsignificant.
2D10-4,where0=nodisease/healthyseedling,1=yellowleaves,2=yellowleavesandslightlywilted,3=severewilt,and 4 = dead
seedling.

F.oxysporumisolates.

9 Host response grouped as: R = resistant (DI = 0); MR = moderately resistant/tolerance (DI = <1); MS = moderately susceptible (DI
=1.0-2.0); S = susceptible (DI = 2.1-3.0); HS = highly susceptible (DI = 3.1-4.0) (Bertetti et al. 2018).

Fusariumoxysporumpopulation /
Thetotalpopulationof /

F.oxysporumontherootswasdeterminedbycalculatingthe CFUforeachcategoryofdamage. ForDI14,A.crassicarpaandF.moluccanas

howedasignificantlyhigherpopulation(82.00-105.10x10°CFUg |
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5)and only one isolate (DF11) shows susceptible response (S).
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estpopulationwasrecordedin F.moluccanaand L.leucocephala,while A.crassicarpaand A. auriculiformis had no sample for DI
1. In eontrol-plantsinoculated plants with DI0-(D1=0), the population wassignificantly higher in L. leucocephala and A.
auriculiformis and no sample was noted in A. crassicarpa and F. moluccana(Table 2 & Table 3).
Theregressionanalysisresultsshowedthatallplantsexcept
P.speciosahadalinearrelationshippatternbetweentheincreaseindiseasescoreandpopulation. Thepathogenicpopulationon
A.crassicarpaand F.moluccanagrewrapidlyalong with theincrease in disease scores, as indicated by the magnitude ofregression
gradient coefficient (m=20.3-21.3).However,moderateincreasewasobservedin L.leucocephala(m=11.2)(m=11.2)andveryslowin
A.pauciflorum, P.speciose, and A. auriculiformis (m=2.2—4.8) (Figure 8).

| index4(AF01);di index2,3,and4(BF05);anddiseaseindex3
and 4 (DF11). In this experiment we observed population of Fusarium
oxysporum based on disease index of the inoculated plant.
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Table 3showedthatisolateswere different in tef1-a, butthepopulation and Dlpatternsweresimilarforeach testplant. Thecorrelationbetween
the population of pathogen (g fresh weight) and the level of DI were described as follows: i) high pathogen populations withhigh DI (A.
crassicarpa andF. moluccana), ii) moderate population with moderate DI (L. leucocephala), iii) low population withmoderate DI (A.

pauciflorum), and iv) low population with low DI (P. speciosa and A. auriculiformis).
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Figure8.RegressionanalysisofdiseasescorerateandF.oxysporumpopulation



153  Table 2.Fusarium oxysporum population onrootineachdiseaseindex
154

PopulationofFusariumoxysporum(x10*CFU/gfreshweight)?

Plantspecies 091234 Average®
AF019
Acaciacrassicarpa ns ns ns ns 85.13a° 85.13
Falcatariamoluccana ns 17.77a 22.77a 60.98a 91.87a 76.50
Archidendronpauciflorum 0.45b 1.10b 3.22b 8.15b 12.53cd 5.06
Leucaenaleucocephala 6.17a 18.10a 20.93a ns 51.67b 22.13
Parkia speciosa 0.32b 0.45b 2.58b 7.27b 3.57d 2.16
Acaciaauriculiformis 2.92a ns ns ns 24.53c 4.65
BFO05
Acaciacrassicarpa ns ns 51.80a 72.08a 105.10a 92.61
Falcatariamoluccana ns 13.22a 15.32b 40.33b 61.67b 43.85
Archidendronpauciflorum 0.47c 0.63b 1.73c 6.88c 9.90d 3.60
Leucaenaleucocephala 4.67a 9.02a 12.32b 29.32b ns 11.16
Parkia speciosa 0.48c 0.57b 1.27c 2.33d ns 0.87
Acaciaauriculiformis 2.55b ns ns ns 20.43c 3.98
DF11
Acaciacrassicarpa ns ns ns 61.92a 82.00a 81.20
Falcatariamoluccana ns 12.50a 27.47a 54.93a 73.00a 47.93
Archidendronpauciflorum 0.35¢ 0.35b 3.37c 4.42c 6.92e 219
Leucaenaleucocephala 5.58a 11.17a 16.53b 36.63b 54.27b 19.69
Parkia speciosa 0.25¢ 0.48b 1.58¢ 11.97d 12.27d 5.79
Acaciaauriculiformis 2.83b ns ns ns 21.28c 5.05

155  n.s:No sample,cfu:colonyformingunit

156  3F. oxysporum populationcalculatedat theendoftheexperiment(21daysafterinoculation).

157  YDI0-4;0=nodisease/healthyseedling;1=yellowleaves;2=yellowleavesandslightlywilted;3=severewilt;and4=dead seedling.

158  9AverageofF.oxysporumpopulation(cfu/gfreshweight)=(PoA+P1B+P,C+PsD+P4E)/N;whereP0,P1,P2,P3,andP4=populationofpathogeninscore0,1,2,3,and4: A=numberofplantsonscore
159 0;B=numberofplants onscorel; C=numberofplantsonscore2;D=number ofplantsonscore3;E=numberof plants on score4; N= totalnumberofplants.

160  9F.oxysporumisolates

161  9Valuesfollowed bythesameletterineachrowarenot significant.
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Table3.Fusariumoxysporumpopulationaverageanddiseasesindexofplant

Populationaverage(x10*CFU/gfresh Diseaseindex®
Plantspecies weight)?

AF019BF05DF11AF01BF05DF11
Acaciacrassicarpa 85.13 92.61 81.20 4.00 348 3.96
Falcatariamoluccana 76.50 43.85 47.93 344 3.04 2.80
Archidendronpauciflorum 5.06 3.60 219 1.96 1.88 140
Leucaenaleucocephala 22.13 11.16 19.69 152 1.56 1.68
Parkiaspeciosa 2.16 0.87 579 1.80 1.04 2.16
Acaciaauriculiformis 4.65 3.98 5.05 0.36 0.40 0.60

dAverage ofF. oxysporumpopulation(cfu/gfreshweight)= (PoA+P1B+P2C+P3D+P4E)/N;whereP0,P1,P2,P3,andP4=population
ofpathogenin score0,1,2,3,and4: A=numberofplantsonscore0;B=numberofplantsonscorel;C=numberofplantson score
2;D=numberofplantsonscore3;E=numberofplantsonscore; N=totalnumberofplants.

YDI10-4;0=nodisease/healthyseedling; 1=yellowleaves;2=yellowleavesandslightlywilted;3=severewilt;and4
=deadseedling.

9F.oxysporumisolates.

Discussion171
Arecentstudyreportedanextraordinaryincidenceofseedlingwiltdiseasecausedbyfungalpathogen F.oxysporum
attackingcommercialnurseriesofA.mangiuminSouthSumatra(Solehaetal.2021). T herefore, theinvestigationofanew
hostofthepathogenisanimportantstepintheplantprotectionstrategyforsoil -bornediseases. Hostrangetestsalso
provideinformationaboutplantspeciesthathavethepotentialtobecomealternativehostsormainhostsforthe pathogen
(Sampaioetal.2021).
TheresultsindicatedthatF.oxysporum,whichcausesvascularwiltinA.mangiumnursery,canalsoinfectfabaceae
plantswithvarioushostresponses.A.crassicarpaandF.moluccanawerehighlysusceptible,whileA.pauciflorum,L.
leucocephala,andP.speciosaweremoderatelyvulnerable,andA.auriculiformiswasmoderatelyresistant.Pathogen
causedwiltingsymptomsinalltestplantspecieswithD1of4.00. AlthoughDlwaslower(0.36)inA.auriculiformis,butit
hadthepotentialtodamageplants. F.oxysporumabletoinfectplantsevenwithalowDI,causingthedeathofcultivars.
Moreover,whenaplantisgrownincontaminatedsoil,thereisahighriskofdamagetocrops. Asimilarincidentwas
reportedbyPastranaetal.(2017)inwhichF.oxysporumfromblackberryalsocausedsuddendeathinstrawberries.
Anotherstudyalsorevealedthat F.oxysporumfromcactuscausesrootandstem rotdiseasesin Euphorbia(Bertettietal.185
Theresultsrevealedthatseveraltypesofplantsbelongingtothefabaceaefamilyhadgreatpotentialtobecomean
alternativehostsandevenmainhostforF.oxysporumwhenplantedinthesamefield. Widespreadofthispathogenmay
allowinteractionwithnewplants(Edel-HermannandLecomte2019; Sampaioetal.2021).Moreover,theplantingofnew
speciesaffectedtheoccurrenceofnewoutbreaksbecausethepathogenicstrainsadaptedtothesoilandhadbecame
virulent(Sampaioetal.2021;StukenbrockandMcDonald2008).Furthermore,nurseryactivitiesthatuse contaminated
soilrepeatedlyalsotriggeredthepathogensproliferationandadaptationtootherplants.
ThepathogenpopulationinA.crassicarpaandF.moluccanagrewveryrapidlywithincreasingdiseasescores,while
inL.leucocephalagrewmoderately,andA.pauciflorum,P.speciose,andA.auriculiformisgrewslowly.Inthisstudy, the
populationofF.oxysporumonhighlysusceptibleplants(A.crassicarpaandF.moluccana)wassignificantlyhigherthan
otherplantsforeachdiseasescore. Thispatterniscommonwherethepopulationofpathogenisalsohigherwithdisease
scores(Scottetal.2014).deBorbaetal.(2017)reportedthatsusceptiblelettucecultivarsshowedhigh Fusarium
populationlevelandvulnerableblackbeangenotypeshowedapopulationlevelof15.4x10°CFU% L. Thesecondpattern
wasobservedonL.leucocephala,wherethepopulationofpathogenwasalsomoderatewithamoderatediseasesscore.
Thesimilarresultwasalsooccurredingarlicwithadiseaseseverityof44%duetoFusariumspp.infection,whichshowed
amoderatenumberofpathogensonroots(Molinero-Ruizetal.2011).
AspecialpatternoccurredonA.paucifloruminwhichF.oxysporumcausedamoderateinfection,butthepathogen
populationwaslow.Thismightbeduetotheplantdefencemechanism.Scottetal.(2014) reportedthatresistantpepper
plantsalsosupportpathogendevelopmentinroots,evenwithoutexternalsymptoms.Similarphenomenawasreported by
Muslimetal.(2003a)whonotedthatsometomatoplantsareinfectedmoderately(score1—2)byF.oxysporumf.sp.
lycopersici,butthepopulationwaslowerthanotherplantsinsamescore.
TheinfectionandtotalpopulationonParkiaspeciosaandA.auriculiformiswaslower. Thisindicatedthatplants
belongedtotheresistantplantgroup.Fangetal.(2012)reportedthatwhenresistantstrawberryplantswereinoculated with
F.oxysporumf.sp.fragariae,thecultivarformedabarrierwithaccumulatedphenoliccellsinthehypodermallayerthat
effectivelylimitsthepathogencolonisationandpreventtheinvasionofrootvasculartissue. I fthetissuepenetration by
hyphaewaslimitedtotheepidermis,thenthepathogensdonotreachthevasculartissue.VanDenBergetal .(2007)
reportedthatbananaclonestoleranttoF.oxysporumf.sp.cubensecorrespondwiththis,withasignificantincreaseinthe

2017).
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inductionofcellwall-associatedphenoliccompounds.Jiménez-Fernandezetal .(2013)alsoreportedthat Fusarium
oxysporumf.sp.cicerisraceOremainedintheintercellularspaceofrootcortexandfailedtoreachxyleminresistant
chickpeacultivars.
Inthisstudy,A.crassicarpaandF.moluccanawereproventobeanalternativehostof F.oxysporum.WhereasL.
leucocephala,A.pauciflorum,P.speciosa,andA.auriculiformishadpotentialasalternativehosts.Manyplantsof
fabaceaefamilywasattackedbyformaespecialisF.oxysporum,suchasVignaangularis(F.oxysporumf.sp.adzukicola),
Cicerarietinum,Cicerspp.(F.oxysporumf.sp.ciceris),Acaciaspp.(F.oxysporumf.sp.koae),Lensculinaris,L.
esculenta(F.oxysporumf.sp.lentis),Medicagosativa(F.oxysporumf.sp.medicaginis),Phaseolusvulgaris,P.
coccineus(F.oxysporumf.sp.phaseoli),Pisumsativum,Cicerarietinum(F.oxysporumf.sp.pisi) (Edel-Hermannand
Lecomte2019).However,inthisstudy, F.oxysporumisolatedfromA.mangiumhasawidehostrangefromfabaceae
family;therefore,itisnotclassifiedasformaespecialis.
Inconclusion,F.oxysporumisolatedfromA.mangiumcausesinfectioninseveraltypesofforestandindustrial plants.
Sinceithasawidehostrange,itisnotclassifiedaspartoftheformaespecialisgroup.
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Answer Review 3

HostrangestudiesofFusariumoxysporum,causalagentofseedlingwilt
diseaseofAcaciamangium

Abstract.Fusariumoxysporumisaseriouspathogenthatcausesseverewiltdiseaseincommercialnurseriesof Acaciamangiumin
SouthSumatra. ThisstudyaimedtoinvestigatethehostrangeofF.oxysporumasanurserywiltpathogeninA.mangiumandseveral
forestandindustrialplants. ThreeisolatesofF.oxysporumwithdifferenttranslationelongationfactor(tef1-o))sequencesweretested
forpathogenicityondifferentfabaceaefamilyplantsandthegrowthofpopulationwasalsoobserved. Theresultsshowedthatal I the
threeisolateswereabletoinfectallthetestedplantswithdifferentreactionsofwiltdisease. The AcaciacrassicarpaandFalcataria
moluccanawerehighlysusceptible;Archidendronpauciflorum,Leucaenaleucocephala,andParkiaspeciosaweremoderately
vulnerableandAcaciaauriculiformiswasmoderatelyresistant. ThepathogenpopulationinA.crassicarpaandF.moluccanagrew
rapidlyalongwiththeincreaseindiseasescores,whileinL.leucocephalaitwasmoderate,andslowinA.pauciflorum,P.speciosaand
A.auriculiformisplants.Inconclusion, F.oxysporumpathogen,whichwasisolatedfromA.mangium,hasawide range ofhostsinthe
fabaceaefamily.

16

Keyword:Acaciamangium,fabaceae, Fusariumoxysporum,hostrange,seedlingwilt

INTRODUCTION

Acaciamangium(Willd.)isaspeciesofplantthatoriginatedinseveralregionsofindonesia,PapuaNewGuinea,and
Australia,andwhich,hasalsobeenfoundforafewdecadesinthehumidtropicallowlandsofAsia,SouthAmerica,and
Africa(KoutikaandRichardson2019).Itisplantedonalargescaleforindustrialpurposesandforestrestorationinthe

tropics(Matsumura andNaoto 2011). Since thisplantspeciesisknown for itsfastgrowthand highadaptability to various

environmentalconditions(Asifetal.2017),itiswidelyusedforagroforestry,forestry,andrestorationofdegradedland
(KoutikaandRichardson2019).

Fusariumoxysporumisanimportantpathogenicfungusthatcauseswiltdiseaseindifferentplantsallovertheworld.
Solehaetal.(2021)reportedthatitwasidentifiedasthecausativeagentofvascularwiltinseveralcommercialnurseriesof
A.mangiuminSouthSumatra. Themainsourceoftransmissionisthroughinfectedseedlingsandsoil,whichisrelatively
difficult totreatafter contamination.The fungus survivesbyformingchlamydosporesthatallowittoliveforalongtime,
evenwithoutahostplant(lgnjatovetal.2012; Koyyappurathetal.2016;Ranaetal.2017).Furthermore,itattacks almost
everytypeof plant,fromcultivatedtoforestandwild(e.g.weeds)(Joshi2018). Thisfungusisalsoabletoattackvarious
planthabitssuchastrees(Zhangetal.2013),herbaceousplants(JacobsandHeerden2012),andvines(Rooney-Latham
andBlomquist2011).SeveraltypesofforestplantsthathavereportedlybeenattackedbyF.oxysporumarePinus
massoniana(LuoandYu2020), Tectonagrandis(Borgesetal.2018),Pseudotsugamenziesii(Stewartetal.2011),Acacia
mangium(Widyastutietal.2013)andothers.

SinceF.oxysporumhasahighlevelofhostspecificity,itisclassifiedasaformaespecies(Burkhardtetal. 2019;
Tayloretal.2019).AccordingtoLeslieandSummerell(2006)morethan100formaespeciesandraceshavebeen
identifiedandarewidespreadintheworld.

BesidesA.mangium,whichisthemainplantofindustrialforestryinindonesia,otherplants,suchasAcacia
crassicarpa,Acaciaauriculiformis,Parkiaspeciosa,Archidendronpauciflorum,Falcatariamoluccana,andLeucaena
leucocephalaarealsoimportantandhavehigheconomicvalue.Consideringthattheybelongtothesamefamily
(Fabaceae),theycanbecomethemainoralternativehostsfor F.oxysporum,causativeagentofwiltdisease. Thisstudy
aimedtoinvestigatethehostrangeofF.oxysporumasanurserywiltpathogeninA.mangiumandseveralindustrialand
localforestplantsinindonesia.
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MATERIALSANDMETHOD

Fungalisolates45
ThreepathogenicisolatesofF.oxysporum(AF01,BF05,andDF11)wereselected,whichweredifferentiated
accordingtotheirtefl-asequence(Figurel).lsolateswereculturedonPDBIliquidmedium(potatodextrosebroth)and
incubatedat26-28°Conashaker(150rpm)foraboutfivedays. Thenthemyceliasuspensionwasfilteredusingtwo
layersofsterilegauzetoseparatetheconidiaandhyphae. Theconidialconcentrationwasdeterminedusinga
hemocytometerandthena(ﬂé_ﬁedtoaconcentrationofloemI'lforpathogenicitytit. 51

Figurel.F.oxysporumisolatesonPDAmedium.(a)AF01,(b)BF05,and(c)DF11.Firstline:frontview;secondline:reverseview.

Plantmaterial55
Theplantsusedweremembersofthefabaceaefamily,namelyA.crassicarpa,A.auriculiformis,F.moluccana,A.
pauciflorum,P.speciosa,andL.leucocephala,whichwereonemonthold. TheseedlingswereobtainedfromtheForest
CropsResearchlnstitute, SouthSumatra.Seedlingsweretransferredinamixedmediumwithcocopeat(1:1)usinga
plasticpotofl0cmdiameterand10cmheight,andthenplacedinashadehouse.

Pathogenicitytest
Apathogenicitytestwascarriedoutusingrootdipmethod,inwhichtherootswerewashedunderrunningwaterand

thenimmersedin250mlofconidiasuspension(108conidiamI™*)for15minutes. Thecontrolplantswereimmersedin

steriledistilledwater,andtheseedlingsweretransplantedintoplasticpotsandplacedunderahouseshade.Eachisolate

wasinoculatedon25 plantswithfivereplicates (five plantsper-replicate). Then,disease severitywascalculated usingthe

methodofMuslimetal.(2003a)andthediseaseindex (Dl)wasclassifiedintofollowinggrades,where0=no
disease/healthyseedling,1=yellowleaves,2=yellowleavesandslightlywilted,3=severewilt,and4=deadseedling
(Bertettietal.2018).Furthermore,plantresponsesweregroupedas,R=resistant(DI=0), MR=moderately
resistant/tolerance(DI=<1),MS=moderatelysusceptible(D1=1.0—-2.0),S=susceptible(D1=2.1-3.0)andHS=highly
susceptible(D1=3.1-4.0).Thedevelopmentofdiseasewasobserved1-21daysafterinoculation.

Fusariumoxysporumpopulation

Thepopulationoff.oxysporumintherootswascalculatedattheendoftheexperiment usingthemethodof(Muslim
etal.2003b;Lietal.2008;Horinouchietal.2011)withmodificationstothesurfacesterilizationofsamples. Thenthe
plantsweregroupedaccordingtoseverity(diseasescore)andwashedseparatelyunderrunningwatertoremovesoil
residues.Afterthat,allplantsineachscoreweresurfacesterilisedusing1%sodiumhypochloritefor15minutes, then
rinsedthree timeswithdistilledwater. The samplesandwater(1:100w/v)were homogenisedusingblenderat8000rpm
forl0minutes. Thentheywerefilteredusingtwolayersofsterilegauzeanddiluted10to1000times. Thesuspensionwas
spreadonPeptonePCNBagarMedia(PPA/NashSnyderMedium)(LeslieandSummerell2006)intriplicate(fivePetri
dishesperreplication)andincubatedindarkforsevendaysatroomtemperature. Thenumberofcolony-formingunits
(CFU)ofF.oxysporum wascalculatedon thebasisoffreshweightpergramofsampleandgrouped accordingtothelevel
ofdiseasesseverity.
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RESULTSANDDISCUSSION

Pathogenicitytest
Theresultsshowedthatallthesixforestplantstestedhadsimilarreactiontothepathogen.Sevendaysafter
inoculation,alltheplantsshowedtypicalsymptomsofF.oxysporuminfection,i.e.yellowingofoldestleavesclosestto the
stembase,whichgraduallyprogress toyoungershoots,severewilting,drying,fallingof leaves, andeventuallyplantdie.
Anothersymptomthatappearedwassuddenwiltinganddeathofplantwithoutchangingtheleafcolour,whilecontrol
plantsdidnotshowanysymptoms(Figures2—7). 88

Figure2.DiseaseindexofAcaciacrassicarpa,(a)fromleft:healthyplantto100%wiltedleaves(score0—4);(b)initialsymptoms:
yellowingfromoldestleaves;(c)advancedsymptoms:fallingleaves;(d)deadplant

-

!

Figure3. Disease index onFalcatariamoluccana,(a) fromleft:healthyplantto100% wiltedleaves(score 0—4);(b)initial Symptoms:
yellowingfromoldestleaves;(c)advancedsymptoms:curved,dry,andfallingleaves;(d)deadplant



100  Figure4.DiseaseindexonArchidendronpauciflorum,(a)fromleft:healthyplanttol1 00%wiltedleaves(score0—4);(b)initial symptoms: yellowing
101  and dry from oldest leaves; (c) advanced symptoms: falling leaves; (d) dead plant
102

103
104  Figure5.DiseaseindexonLeucaenaleucocephala,(a)fromleft:healthyplant to100%wilted leaves(score0—4);(b)initialsymptoms: yellowing
105  from oldest leaves; (c) advanced symptoms: curved leaves; (d) yellowing upward

106

108  Figure6. DlseaselndexonParklaspec:losa (a)fromleft: healthyplanttoIOO%mltedleaves(scoreO 4);(b)initialsymptoms: yellowing and dry

109  from oldest leaves; (c) advanced symptoms: curved leaves; yellowing (d) dead plant
110
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Figure7.DiseaseindexonAcaciaauriculiformis,fromleft:healthyplanttowiltedanddeadplant(score0-4)

Diseaseseveritywassignificantlyhigherthancontrols. A.crassicarpaandF.moluccanaweremostseverelyaffected
withanaveragescoreof4.00and3.44,respectively.Ontheotherhand, A.pauciflorum,L.leucocephala,andP.speciosa
wereshowedmoderatediseaseseverityi.e.1.96,1.68,and1.80,respectively,whereasA.auriculiformishadthelowest
(0.36)diseaseseverity(Tablel).Basedonthediseasescore,hostplantswereclassifiedintothreegroups:i)highly
susceptible(A.crassicarpaandF.moluccana),ii)moderatelysusceptible(A.pauciflorumP.speciosa,andL.
leucocephala),andiii)moderateresistance/tolerance(A.auriculiformis).Resultexhibitedthattherewasnosignificant
differencebetweenthediseaseseverityinthesamehostthathadbeeninoculatedwithdifferentisolates(Tablel).

Tablel.DiseaseseverityandhostresponsestoFusariumoxysporumisolatedfromAcaciamangium
123

Plantspecies Isolates?
AF01PResponse 9BF05ResponseDF11Response
Acaciacrassicarpa 4.00a HS 3.48a HS 3.96a HS
Falcatariamoluccana 3.44ab HS 3.04a HS 2.80ab S
Archidendronpauciflorum 1.96bc MS 1.88b MS 1.40cd MS
Leucaenaleucocephala 1.52¢ MS 1.56b MS 1.68bc MS
Parkiaspeciosa 1.80c MS 1.04bc MS 2.16bc S
Acaciaauriculiformis 0.36d MR 0.40c MR 0.60d MR

Valuesfollowedbythesameletterineachrowarenotsignificant.

aDI10-4,where0=nodisease/healthyseedling,1= yellowleaves,2=yellowleavesandslightlywilted,3=severewilt,
and4=deadseedling.

b)F, oxysporumisolates.

*Host responsegrouped as:R =resistant(DI=0); MR=moderatelyresistant/tolerance (DI = <1);MS=moderatelysusceptible (DI =
1.0-2.0);S=susceptible(DI=2.1-3.0);HS=highlysusceptible(D1=3.1-4.0)(Bertettietal. 2018).

Fusariumoxysporumpopulation
ThetotalpopulationofF.oxysporumontherootswasdeterminedbycalculatingtheCFUforeachcategoryof
damage.ForDI4,A crassicarpaandF.moluccanashowedasignificantlyhigherpopulation(82.00-105.10x 10*CFUg
freshweight)thanotherplants. ThelowestpopulationwasrecordedinP.speciosaandA.pauciflorum(3.57-12.27x 10*
CFUg *freshweight). ThissamepatternalsooccurredinDI2and3,whilenosamplewasrecordedinA.auriculiformis
forDI2and3.InDI1,thehighestpopulationwasrecordedinF.moluccanaandL.leucocephala,whileA.crassicarpa
andA. auriculiformishadno sampleforDI1. Ininoculatedplants withDI0,the populationwas significantlyhigher inL.
leucocephalaandA.auriculiformisandnosamplewasnotedinA.crassicarpaandF.moluccana(Table2&Table3).
TheregressionanalysisresultsshowedthatallplantsexceptP.speciosahadalinearrelationshippatternbetweenthe
increaseindiseasescoreandpopulation. ThepathogenicpopulationonA.crassicarpaandF.moluccanagrewrapidly
along with theincreasein diseasescores,asindicated by themagnitudeofregression gradientcoefficient(m=20.3-21.3).
However,moderateincreasewasobservedinL.leucocephala(m=11.2)(m=11.2)andveryslowinA.pauciflorum,P.
speciose,andA.auriculiformis(m=2.2—4.8)(Figure8).
Table3showedthatisolatesweredifferentintef1-a,butthepopulationandDIpatternsweresimilarforeachtestplant. Thecorrelation
betweenthepopulationofpathogen(g-freshweight)andthe levelofD Iweredescribedasfollows:i)highpathogen populationswith



145  highDI(A.crassicarpaandF.moluccana),ii)moderatepopulationwithmoderateDI(L.leucocephala),iii)lowpopulationwith moderate DI (A.
146  pauciflorum), and iv) low population with low DI (P. speciosa and A. auriculiformis).
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150 Figure8.Regressionanalysisofdiseasescorerateand F.oxysporumpopulation



151  Table2.Fusariumoxysporumpopulationonrootineachdiseaseindex
152

PopulationofFusariumoxysporum(x10*CFU/gfreshweight)?

Plantspecies 01234 Average®
AF019
Acaciacrassicarpa n.s n.s n.s n.s 85.13a° 85.13
Falcatariamoluccana n.s 17.77a 22.77a 60.98a 91.87a 76.50
Archidendronpauciflorum 0.45b 1.10b 3.22b 8.15b 12.53cd 5.06
Leucaenaleucocephala 6.17a 18.10a 20.93a n.s 51.67b 22.13
Parkiaspeciosa 0.32b 0.45b 2.58b 7.27b 3.57d 2.16
Acaciaauriculiformis 2.92a n.s n.s n.s 24.53c 4.65
BF05
Acaciacrassicarpa n.s n.s 51.80a 72.08a 105.10a 92.61
Falcatariamoluccana n.s 13.22a 15.32b 40.33b 61.67b 43.85
Archidendronpauciflorum 0.47c 0.63b 1.73c 6.88¢c 9.90d 3.60
Leucaenaleucocephala 4.67a 9.02a 12.32b 29.32b n.s 11.16
Parkiaspeciosa 0.48c 0.57b 1.27¢ 2.33d n.s 0.87
Acaciaauriculiformis 2.55b n.s n.s n.s 20.43c 3.98
DF11
Acaciacrassicarpa n.s n.s n.s 61.92a 82.00a 81.20
Falcatariamoluccana n.s 12.50a 27.47a 54.93a 73.00a 47.93
Archidendronpauciflorum 0.35¢ 0.35b 3.37c 4.42c 6.92e 2.19
Leucaenaleucocephala 5.58a 11.17a 16.53b 36.63b 54.27b 19.69
Parkiaspeciosa 0.25¢ 0.48b 1.58¢ 11.97d 12.27d 5.79
Acaciaauriculiformis 2.83b n.s n.s n.s 21.28¢ 5.05

153  n.s:Nosample,cfu:colonyformingunit

154  3F.oxysporumpopulationcalculatedattheendoftheexperiment(21daysafterinoculation).

155  YDI0-4;0=nodisease/healthyseedling;1=yellowleaves;2=yellowleavesandslightlywilted;3=severewilt;and4=deadseedling.

156  9AverageofF.oxysporumpopulation(cfu/gfreshweight)=(PoA+P1B+P.C+PsD+P4E)/N;whereP0,P1,P2,P3,andP4=populationofpathogeninscore0,1,2,3,and4: A=numberofplantson score
157  0;B=numberofplantsonscorel;C=numberofplantsonscore2;D=numberofplantsonscore3;E=numberofplantsonscore4;N=totalnumberofplants.

158  9F.oxysporumisolates

159  ®Valuesfollowedbythesameletterineachrowarenotsignificant.
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Table3.Fusariumoxysporumpopulationaverageanddiseasesindexofplant

i 4
Populationaverage(x10*CFU/gfresh Diseaseindex®

Plantspecies weight) @
AF019BF05DF11AF01BF05DF11
Acaciacrassicarpa 85.13 92.61 81.20 4.00 3.48 3.96
Falcatariamoluccana 76.50 43.85 47.93 3.44 3.04 2.80
Archidendronpauciflorum 5.06 3.60 219 1.96 1.88 1.40
Leucaenaleucocephala 22.13 11.16 19.69 152 1.56 1.68
Parkiaspeciosa 2.16 0.87 5.79 1.80 1.04 2.16
Acaciaauriculiformis 4.65 3.98 5.05 0.36 0.40 0.60

3 AverageofF. oxysporumpopulation(cfu/gfreshweight)= (PoA+P1B+P,C+P3D+P4E)/N;whereP0,P1,P2,P3,andP4= population
ofpathogeninscore0,1,2,3,and4: A=numberofplantsonscore0;B=numberofplantsonscorel;C=numberofplantsonscore
2;D=numberofplantsonscore3;E=numberofplantsonscore;N=totalnumberofplants.

DI 0-4;0 = nodisease/healthyseedling;1= yellowleaves;2= yellowleavesandslightlywilted; 3=severe wilt;and4
=deadseedling.

°F.oxysporumisolates.

Discussion169

Arecentstudyreportedanextraordinaryincidenceofseedlingwiltdiseasecausedbyfungalpathogen F.oxysporum
attackingcommercialnurseriesofA.mangiuminSouthSumatra(Solehaetal.2021). Therefore, theinvestigationofanew
hostofthepathogenisanimportantstepintheplantprotectionstrategyforsoil-bornediseases.Hostrangetestsalso
provideinformationaboutplantspeciesthathavethepotentialtobecomealternativehostsormainhostsforthepathogen
(Sampaioetal.2021).

TheresultsindicatedthatF.oxysporum,whichcausesvascularwiltinA.mangiumnursery,canalsoinfectfabaceae
plantswithvarioushostresponses.A.crassicarpaandF.moluccanawerehighlysusceptible,whileA.pauciflorum,L.
leucocephala,andP.speciosaweremoderatelyvulnerable,andA.auriculiformiswasmoderatelyresistant. Pathogen
causedwiltingsymptomsinalltestplantspecieswithDIof4.00. AlthoughDIwaslower(0.36)inA.auriculiformis,butit
hadthepotentialtodamageplants.F.oxysporumabletoinfectplantsevenwithalowDlI,causingthedeathofcultivars.
Moreover,whenaplantisgrownincontaminatedsoil, thereisahighriskofdamagetocrops. Asimilarincidentwas
reportedbyPastranaetal.(2017)inwhichF.oxysporumfromblackberryalsocausedsuddendeathinstrawberries.
Another study also revealed thatF. oxysporum from cactus causes root and stem rot diseasesinEuphorbia (Bertetti et al.
2017).

Theresultsrevealedthatseveraltypesofplantsbelongingtothefabaceaefamilyhadgreatpotentialtobecomean
alternativehostsandevenmainhostforF.oxysporumwhenplantedinthesamefield. Widespreadofthispathogenmay
allowinteractionwithnewplants(Edel-HermannandLecomte2019;Sampaioetal.2021). Moreover theplantingofnew
speciesaffectedtheoccurrenceofnewoutbreaksbecausethepathogenicstrainsadaptedtothesoilandhadbecame
virulent(Sampaioetal.2021;StukenbrockandMcDonald2008).Furthermore,nurseryactivitiesthatusecontaminated
soilrepeatedlyalsotriggeredthepathogensproliferationandadaptationtootherplants.

ThepathogenpopulationinA.crassicarpaandF.moluccanagrewveryrapidlywithincreasingdiseasescores,while
inL.leucocephalagrewmoderately,andA.pauciflorum,P.speciose,andA.auriculiformisgrewslowly. Inthisstudy,the
populationofF.oxysporumonhighlysusceptibleplants(A.crassicarpaandF.moluccana)wassignificantlyhigherthan
otherplantsforeachdiseasescore. Thispatterniscommonwherethepopulationofpathogenisalsohigherwith disease
scores(Scottetal.2014).deBorbaetal.(2017)reportedthatsusceptiblelettucecultivarsshowedhighFusarium
populationlevel andvulnerable blackbeangenotype showeda populationlevelof 15.4x10° CFU %1, The second pattern
wasobservedonL.leucocephala,wherethepopulationofpathogenwasalsomoderatewithamoderatediseasesscore.
Thesimilarresultwasalsooccurredingarlicwithadiseaseseverityof44%duetoFusariumspp.infection,whichshowed
amoderatenumberofpathogensonroots(Molinero-Ruizetal.2011).

AspecialpatternoccurredonA.paucifloruminwhichF.oxysporumcausedamoderateinfection,butthepathogen
populationwaslow. Thismightbeduetotheplantdefencemechanism.Scottetal.(2014)reportedthatresistantpepper
plantsalsosupportpathogendevelopmentinroots,evenwithoutexternalsymptoms. Similarphenomenawasreportedby
Muslimetal.(2003a)whonotedthatsometomatoplantsareinfectedmoderately(score1l—2)byF.oxysporumf.sp.
lycopersici,butthepopulationwaslowerthanotherplantsinsamescore.

TheinfectionandtotalpopulationonParkiaspeciosaandA.auriculiformiswaslower. Thisindicatedthatplants
belongedtotheresistantplantgroup.Fangetal.(2012)reportedthatwhenresistantstrawberryplantswereinoculatedwith
F.oxysporumf.sp.fragariae,thecultivarformedabarrierwithaccumulatedphenoliccellsinthehypodermallayerthat
effectivelylimitsthepathogencolonisationandpreventtheinvasionofrootvasculartissue. Ifthetissuepenetrationby
hyphaewaslimitedtotheepidermis,thenthepathogensdonotreachthevasculartissue.VanDenBergetal. (2007)
reportedthatbananaclones toleranttoF.oxysporumf.sp.cubensecorrespond withthis,withasignificantincreaseinthe
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inductionofcellwall-associatedphenoliccompounds.Jiménez-Fernandezetal.(2013)alsoreportedthat Fusarium
oxysporumf.sp.cicerisraceOremainedintheintercellularspaceofrootcortexandfailedtoreachxyleminresistant
chickpeacultivars.

Inthisstudy,A.crassicarpaandF.moluccanawereproventobeanalternativehostoff.oxysporum.WhereasL.
leucocephala,A.pauciflorum,P.speciosa,andA.auriculiformishadpotentialasalternativehosts. Manyplantsof
fabaceaefamilywasattackedbyformaespecialisF.oxysporum,suchasVignaangularis(F.oxysporumf.sp.adzukicola),
Cicerarietinum,Cicerspp.(F.oxysporumf.sp.ciceris),Acaciaspp.(F.oxysporumf.sp.koae),Lensculinaris, L.
esculenta(F.oxysporumf.sp.lentis), Medicagosativa(F.oxysporumf.sp.medicaginis),Phaseolusvulgaris, P.
coccineus(F.oxysporumf.sp.phaseoli),Pisumsativum,Cicerarietinum(F.oxysporumf.sp.pisi)(Edel-Hermannand
Lecomte2019).However,inthisstudy, F.oxysporumisolatedfromA.mangiumhasawidehostrangefromfabaceae
family;therefore,itisnotclassifiedasformaespecialis.

In conclusion,F.oxysporumisolated fromA. mangiumcausesinfection in severaltypesof forestand industrial plants.
Sinceithasawidehostrange,itisnotclassifiedaspartoftheformaespecialisgroup.
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Abstract.SolehaS,MuslimA,SuwandiS,KadirS,PratamaR.2021.Hostrangestudiesof Fusariumoxysporum,causalagentof
seedlingwiltdiseaseof Acaciamangium.Biodiversitas 23:xxxx.Fusariumoxysporumisaseriouspathogen thatcausesseverewilt
diseaseincommercialnurseriesof AcaciamangiuminSouthSumatra. ThisstudyaimedtoinvestigatethehostrangeofF.oxysporumas a nursery
wilt pathogen inA. mangium and several forest and industrial plants. Three isolatesofF. oxysporum with different translation
elongationfactor(tefl-[1)sequencesweretestedforpathogenicityondifferentfabaceaefamilyplantsandthegrowthofpopulationwas
alsoobserved. Theresultsshowedthatallthethreeisolateswereabletoinfectallthetestedplantswithdifferentreactionsofwilt disease. The
Acaciacrassicarpaand Falcatariamoluccanawerehighlysusceptible;Archidendronpauciflorum,Leucaena leucocephala,and
Parkiaspeciosa weremoderatelyvulnerableand Acaciaauriculiformiswasmoderatelyresistant. Thepathogen population in A. crassicarpa
and F. moluccana grew rapidly along with the increase in disease scores, whileinL. leucocephala it was moderate,andslowin
A.pauciflorum, P.speciosaand A.auriculiformis plants.Inconclusion, F.oxysporum pathogen,whichwas isolated from A. mangium, has a

wide range of hosts in the fabaceae family.

Keyword:Acaciamangium,fabaceae, Fusariumoxysporum,hostrange,seedlingwilt

INTRODUCTION

Acacia mangium (Willd.) is a species of plant that
originated in several regions of Indonesia, Papua New
Guinea,andAustralia,andwhich,hasalsobeenfoundfora few
decadesin the humid tropical lowlandsof Asia, South
America, and Africa (Koutika and Richardson 2019). It is
planted on a large scale for industrial purposes and forest
restoration in the tropics (Matsumura and Naoto 2011).
Since this plant species is known for its fast growth and
high adaptability to variousenvironmentalconditions(Asif
et al. 2017), itiswidely used for agroforestry, forestry, and
restoration of degraded land (Koutika and Richardson
2019).

Fusariumoxysporumisanimportantpathogenicfungus
that causes wilt disease in different plants all over the
world.Soleha et al. (2021) reported that it was identifiedas
the causative agent of vascular wilt in several commercial
nurseries of A. mangium in South Sumatra.The main source
of transmission is through infected seedlings and soil,
which is relatively difficult to treat after contamination.
The fungus survives by forming chlamydospores that allow
it to live for a long time, even without a host plant
(Ignjatov et al. 2012; Koyyappurath et al. 2016; Rana et al.
2017; Muslim et al. 2019). Furthermore, it attacks almost
every type of plant, from
cultivatedtoforestandwild(e.g.weeds)(Joshi2018).This

fungusisalsoabletoattackvariousplanthabitssuchas
trees(Zhangetal.2013),herbaceousplants(Jacobsand Heerden
2012), and vines (Rooney-Latham and Blomquist
2011).Severaltypesofforestplantsthathavereportedly been
attacked byF. oxysporum arePinus massoniana(Luo
andYu2020), Tectonagrandis (Borgesetal.2018),
Pseudotsugamenziesii (Stewartetal.2011), Acacia mangium
(Widyastuti et al. 2013) and others.

SinceF. oxysporum has a high level of host specificity,
it is classified as a formae species (Burkhardt et al. 2019;
Taylor et al. 2019). According to Leslie and Summerell
(2006) more than 100 formae species and races have been
identified and are widespread in the world.

Besides A.mangium,whichisthemainplantof
industrialforestryinindonesia,otherplants,suchasAcacia
crassicarpa, Acaciaauriculiformis, Parkiaspeciosa,
Archidendronpauciflorum, Falcataria moluccana,and
Leucaenaleucocephalaarealsoimportantandhavehigh
economic value. Considering that they belong to the same
family(Fabaceae),theycanbecomethemainoralternative
hostsfor F.oxysporum, causativeagentofwiltdisease.
Thisstudyaimedtoinvestigatethehostrangeof F.oxysporum as a
nursery wilt pathogen inA. mangium and several industrial
and local forest plants in Indonesia.
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MATERIALSANDMETHOD

Fungalisolates

Threepathogenicisolatesof F.oxysporum(AFO01, BF05,
and DF11) were selected, which were differentiated
accordingtotheir tef1-asequence(Figurel).lsolates
wereculturedonPDBIliquidmedium(potatodextrose broth)
and incubated at 26-28°C on a shaker (150 rpm) for about
five days. Then the mycelia suspension was filtered
usingtwolayersofsterilegauzetoseparatetheconidiaand
hyphae.Theconidialconcentrationwasdeterminedusinga
hemocytometer and then adjusted to a concentration of 10°
ml-t for pathogenicity test.

Plantmaterial

The plants used were members of the fabaceae family,
namelyA. crassicarpa, A. auriculiformis,F. moluccana,A.
pauciflorum,P. speciosa, andL. leucocephala, which were
one month old. The seedlings were obtained from theForest
Crops Research Institute, South Sumatra.Seedlings were
transferred in a mixed medium with cocopeat (1:1)
usingaplasticpotoflOcmdiameterand10cmheight,and  then
placed in a shade house.

Pathogenicitytest

A pathogenicity test was carried out using root dip
method, in which the roots were washed under running
water and then immersed in 250 ml of conidia suspension
(108 conidia ml) for 15 minutes. The control plants were
immersed in sterile distilled water, and the seedlings were
transplanted into plastic pots and placed under a house
shade. Each isolate was inoculated on 25 plants with five
replicates (five plants per-replicate). Then, disease severity
wascalculatedusingthemethodofMuslimetal.(2003a)

and the disease index(DI) was classified into following
grades, where 0 = no disease/healthy seedling, 1 = yellow
leaves, 2 = yellow leaves and slightly wilted, 3 = severe
wilt, and 4 = dead seedling (Bertetti et al. 2018).
Furthermore, plant responses were grouped as, R
=resistant(DI=0), MR=moderatelyresistant/tolerance(DI

= <1), MS = moderately susceptible (DI = 1.0-2.0), S =
susceptible(DI = 2.1-3.0) andHS= highly susceptible(DlI
=3.1-4.0).Thedevelopmentofdiseasewasobserved1-21
days after inoculation.

Fusariumoxysporumpopulation

Thepopulationof F.oxysporum intherootswas calculated
atthe end ofthe experimentusingthe methodof
(Muslimetal.2003b;Lietal.2008;Horinouchietal.
2011)withmodificationstothesurfacesterilizationof
samples.Thentheplantsweregroupedaccordingto
severity(diseasescore)andwashedseparatelyunder running
water to remove soil residues. After that, all plants
ineachscoreweresurfacesterilisedusing1%sodium
hypochloritefor15minutes,thenrinsedthreetimeswith
distilledwater. Thesamplesandwater(1:100w/v)were
homogenised usingblender at8000 rpm for 10 minutes.
Thentheywerefilteredusingtwolayersofsterilegauze
anddiluted 10 t01000 times. The suspension was spread
onPeptonePCNBagarMedia(PPA/NashSnyderMedium)
(Leslie and Summerell 2006) in triplicate (five Petri dishes
perreplication)andincubatedindarkforsevendaysat
roomtemperature. Thenumberofcolony-formingunits
(CFU)ofF.oxysporumwascalculatedonthebasisoffresh
weightpergramofsampleandgroupedaccordingtothe level of
diseases severity.

Figurel.F.oxysporumisolatesonPDAmedium.(a)AF01,(b)BF05,and(c) DF11.Firstline:frontview;secondline:reverseview.
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Figure 2.Disease index ofAcaciacrassicarpa,(a) from left:healthy plantto 100% wilted leaves (score 0—4); (b) initial
symptoms:yellowing from oldest leaves; (c) advanced symptoms: falling leaves; (d) dead plant

Figure 3.Disease index onFalcataria moluccana,(a) from left: healthy plant to 100% wilted leaves (score 0—4); (b) initial symptoms:
yellowing from oldest leaves; (c) advanced symptoms: curved, dry, and falling leaves; (d) dead plant

Figure4.DiseaseindexonArchidendronpauciflorum,(a)fromleft:healthyplantto100%wiltedleaves(score0—4);(b)initial symptoms: yellowing and
dry from oldest leaves; (c) advanced symptoms: falling leaves; (d) dead plant
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Figureb5.DiseaseindexonLeucaenaleucocephala,(a)fromleft:healthyplant to100%wiltedleaves(score0—4);(b)initialsymptoms: yellowing from
oldest leaves; (c) advanced symptoms: curved leaves; (d) yellowing upward

Figure6.DiseaseindexonParkiaspeciosa, (a)fromleft:healthyplantto100%wiltedleaves(score0—4);(b)initialsymptoms: yellowing and dry from
oldest leaves; (c) advanced symptoms: curved leaves; yellowing (d) dead plant

Figure7.DiseaseindexonAcaciaauriculiformis,fromleft:healthyplanttowiltedanddeadplant(score0—4)
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RESULTSANDDISCUSSION

Pathogenicitytest

The results showed that all the six forest plants tested
had similar reaction to the pathogen. Seven days after
inoculation, all the plants showed typical symptoms ofF.
oxysporuminfection, i.e. yellowing of oldest leaves closest
to the stem base, which gradually progress to younger
shoots, severe wilting, drying, falling of leaves, and
eventually plant die. Another symptom that appeared was
sudden wilting and death of plant without changing theleaf
colour, while control plants did not show any symptoms
(Figures 2-7).

Diseaseseveritywassignificantlyhigherthancontrols.
A.crassicarpaand F.moluccanaweremostseverely
affectedwithanaveragescoreof4.00and3.44,respectively.Ont
heotherhand, A.pauciflorum, L. leucocephala,and
P.speciosawereshowed moderate
diseaseseverity  i.e.1.96,1.68,and1.80,respectively,
whereasA.auriculiformishadthelowest(0.36)disease severity
(Table 1).Based on the disease score, host plants were
classified into three groups: i) highly susceptible (A.
crassicarpa andF. moluccana), ii) moderately susceptible
(A. pauciflorumP. speciosa, andL. leucocephala), and iii)
moderateresistance/tolerance(A.auriculiformis).Result
exhibited that there was no significant difference between
thediseaseseverityinthesamehostthathadbeen inoculated

with  different  isolates  (Table 1)
Tablel.DiseaseseverityandhostresponsestoFusariumoxysporumisolatedfromAcaciamangium
Plantspecies [sofates”
AFQ19 Response® BF05 Response DF11 Response
Acaciacrassicarp 4.00a HS9 3.48 HS 3.96a HS
Falcatariamoluccan 3.44ab HS 3.04 HS 2.80ab S
Archidendronpaucifloru 1.96b MS 1.88b MS 1.40cd MS
Leucaenaleucocephal 1.52 MS 1.56b MS 1.68bc MS
Parkiaspecios 1.80 MS 1.04b MS 2.16bhc S
Acaciaauriculiformi 0.36d MR 0.40 MR 0.60d MR

Valuesfollowedbythesameletterineachrowarenotsignificant.

aDI 0-4, where 0 = no disease/healthy seedling, 1 = yellow leaves, 2 = yellow leaves and slightly wilted, 3 = severe wilt, and 4 = dead

seedling.
bF. oxysporumisolates.

) Host response grouped as: R = resistant (DI = 0); MR = moderately resistant/tolerance (DI = <1); MS = moderately susceptible (DI =
1.0-2.0); S = susceptible (DI = 2.1-3.0); HS = highly susceptible (DI = 3.1-4.0) (Bertetti et al. 2018).
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Figure8.Regressionanalysisofdiseasescorerateand F.oxysporumpopulation
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Table2.Fusariumoxysporumpopulationonrootineachdiseaseindex

PopulationofFusariumoxysporum(x10*CFU/gfreshweight)?

Plantspecies 0 1 5 3 2 Average®)

AF019

Acaciacrassicarpa ns n.s n.s n.s 8513 & 8513
Falcatariamoluccan n. 1777 2277 a 6098 a 9187 a 7650
Archidendronpaucifloru 045b 110b 322b 815b 1253 cd 506
Leucaenaleucocephal 617a 1810 a 2093 a n.s 5167b 2213
Parkiaspecios 032b 045b 258b 727b 357d 216
Acaciaauriculiformi 292a n. n. n. 2453 ¢ 465
BF05

Acaciacrassicarp n. n. 5180 a 7208 a 10510 9261
Falcatariamoluccan n. 1322 1532b 4033b 6167b 4385
Archidendronpaucifloru 047c 063b 173c 688c 990d 360
Leucaenaleucocephal 467a 902a 1232b 2932b n. 1116
Parkiaspecios 048 057b 127 233d n. 087
Acaciaauriculiformis 255h n.s ns n.s 2043 ¢ 398
DF11

Acaciacrassicarp n. n. n. 6192 a 8200 a 8120
Falcatariamoluccan n.s 1250 a 2747 a 5493 a 7300 a 4793
Archidendronpaucifloru 035 035b 337 442 6 92 219
Leucaenaleucocephal 558a 1117 1653b 3663b 5427b 1969
Parkiaspecios 025c¢ 048b 158¢ 1197d 1227d 579
Acaciaauriculiformi 283b n. n. n. 2128 ¢ 505

n.s:Nosample,cfu:colonyformingunit

AF . oxysporumpopulationcalculatedattheendoftheexperiment(21daysafterinoculation).
b)D10-4;0=nodisease/healthyseedling;1=yellowleaves;2=yellowleavesandslightlywilted;3=severewilt;and4=deadseedling.
9Averageoff.oxysporumpopulation(cfu/gfreshweight)=(PoA+P1B+P2C+P3D+P4E)/N;whereP0,P1,P2,P3,andP4=populationof pathogeninscore0, 1,2,3,and4:A=number of plantson score0; B
=number of plantson scorel; C =number ofplantson score2; D =number ofplantson score3; E = number ofplantson score4; N = totalnumber of plants.

9F.oxysporumisolates

9Valuesfollowedbythesameletterineachrowarenotsignificant.
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Table3.Fusariumoxysporumpopulationaverageanddiseasesindexofplant

Populationaverage(x10*CFU/gfresh

Diseaseindex?

Plantspecies weight)?

AF019 BFO05 DF11 AF01 BF05 DF11
Acaciacrassicarp 8513 9261 8120 4.00 3.48 3.96
Falcatariamoluccan 7650 4385 4793 3.44 3.04 2.80
Archidendronpaucifloru 506 3.60 2.19 1.96 1.88 1.40
Leucaenaleucocephal 2213 1116 1969 152 1.56 1.68
Parkiaspecios 216 0.87 5.79 1.80 1.04 2.16
Acaciaauriculiformi 4 65 3.98 5.05 0.36 0.40 0.60

aAverage ofF. oxysporum population (cfu/g fresh weight) = (PoA+P1B+P2C+P3D+P4E)/N; where PO, P1, P2, P3, and P4 = population
ofpathogenin score0,1,2,3,and4: A=numberofplantson score 0;B= numberofplantsonscore 1;C= numberofplantsonscore 2; D = number
of plants on score 3; E = number of plants on score; N = total number of plants.

DI 0-4; 0 = no disease/healthy seedling; 1 = yellow leaves; 2 = yellow leaves and slightly wilted; 3 = severe wilt; and 4 = dead

seedling.
°F.oxysporumisolates.

Discussion

Arecentstudyreportedanextraordinaryincidenceof
seedlingwiltdiseasecausedbyfungalpathogen F. oxysporum
attacking commercial nurseries ofA. mangium
inSouthSumatra(Solehaetal.2021). Therefore,the
investigation of a new host of the pathogen is an important
step in the plant protection strategy for soil-borne diseases.
Hostrangetestsalsoprovideinformationabout plant
species that have the potential to become alternative hosts
or main hosts for the pathogen (Sampaio et al. 2021).

Theresults indicated thatF. oxysporum,which causes
vascularwiltinA.mangiumnursery,canalsoinfect fabaceae
plantswith varioushostresponses.A. crassicarpa and
F.moluccanawerehighlysusceptible,while A. pauciflorum,
L.leucocephala,and P.speciosawere moderately

vulnerable, and A. auriculiformis  was
moderatelyresistant.Pathogencausedwiltingsymptoms in all
test plant species with DI of 4.00. Although DI was lower
(0.36) inA. auriculiformis, but it had the potential to
damageplants. F.oxysporumabletoinfectplantseven
withalowDlI,causingthedeathofcultivars.Moreover, when a
plant is grown in contaminated soil, there is a high risk
ofdamageto crops. Asimilar incidentwasreportedby
Pastranaetal.(2017)inwhich F.oxysporumfrom
blackberryalsocausedsuddendeathinstrawberries. Another
study also revealed thatF. oxysporum from cactus causes
root and stem rot diseasesinEuphorbia (Bertetti et al.
2017).

The results revealed that several types of plants
belonging to the fabaceae family had great potential to
become an alternative hosts and even main host for F.
oxysporum when planted in the same field. Widespread of
this pathogen may allow interaction with new plants (Edel-
Hermann and Lecomte 2019; Sampaio et al. 2021).
Moreover, the planting of new species affected the
occurrenceofnewoutbreaksbecausethepathogenicstrains
adapted to the soil and had became virulent (Sampaio et al.
2021; Stukenbrock and McDonald 2008). Furthermore,
nurseryactivitiesthatusecontaminatedsoilrepeatedlyalso
triggered the pathogens proliferation and adaptation toother
plants.

Thepathogenpopulationin A.crassicarpaand F.
moluccanagrewveryrapidlywithincreasingdisease
scores,whileinL.leucocephalagrewmoderately, and A.
pauciflorum, P.speciose,and A.auriculiformisgrew
slowly. Inthisstudy,thepopulationofF.oxysporumon highly

susceptible plants (A. crassicarpa and F.
moluccana)wassignificantlyhigherthanotherplantsfor
eachdiseasescore. Thispatterniscommonwherethe
populationofpathogenisalsohigherwithdiseasescores
(Scottetal.2014).deBorbaetal.(2017)reportedthat
susceptiblelettucecultivarsshowedhigh Fusarium
populationlevelandvulnerableblackbeangenotype
showedapopulationlevelof15.4x10°CFU%. The second
patternwasobservedonL. leucocephala, where the
population of pathogen was also moderate with a moderate
diseasesscore. Thesimilarresultwasalsooccurredin garlic
with a disease severity of 44% due toFusarium spp.
infection, which showed a moderate number of pathogens
on roots (Molinero-Ruiz et al. 2011).

AspecialpatternoccurredonA.paucifloruminwhich
F.oxysporumcausedamoderateinfection,butthe
pathogenpopulationwaslow. Thismightbeduetothe plant
defence mechanism. Scott et al. (2014)reported that
resistant pepper plants also support pathogen development
inroots,evenwithoutexternalsymptoms.Similarphenomenaw
asreportedbyMuslimetal.(2003a)who
notedthatsometomatoplantsareinfectedmoderately
(scorel—-2)by F.oxysporumf.sp. lycopersici,butthe
population was lower than other plants in same score.

The infection and total population onParkia speciosa
andA. auriculiformis was lower. Thisindicated thatplants
belonged to the resistant plant group. Fang et al. (2012)
reported that when resistant strawberry plants were
inoculated withF. oxysporum f. sp.fragariae, the cultivar
formed a barrier with accumulated phenolic cells in the
hypodermal layer that effectively limits the pathogen
colonisation and prevent the invasion of root vascular
tissue. If the tissue penetration by hyphae was limited tothe
epidermis, then the pathogens do notreach the vascular
tissue. Van Den Berg et al. (2007) reported that banana
clones tolerant to F. oxysporum f. sp. cubense correspond
withthis,with asignificantincrease intheinductionof cell
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wall-associated phenolic compounds. Jiménez-Fernandezet
al. (2013) also reported thatFusarium oxysporum f. sp.
ciceris race 0 remained in the intercellular space of root
cortex and failed to reach xylem in resistant chickpea
cultivars.

Inthisstudy, A.crassicarpaand F.moluccana were
proven to be an alternative host of F.oxysporum. Whereas
L.leucocephala, A.pauciflorum, P.speciosa,and A.
auriculiformishadpotentialasalternativehosts.Many
plantsoffabaceae familywasattackedbyformaespecialis
F.oxysporum,suchasVignaangularis(F.oxysporumf.sp.
adzukicola),Cicerarietinum,Cicerspp.(F.oxysporumf. sp.
ciceris), Acaciaspp.(F.oxysporum f.sp. koae), Lens
culinaris,L.esculenta(F.oxysporum f.sp. lentis),
Medicagosativa(F.oxysporum f.sp. medicaginis),
Phaseolusvulgaris, P.coccineus(F.oxysporum f.sp.
phaseoli),Pisumsativum,Cicerarietinum(F.oxysporumf.
sp.pisi) (Edel-Hermann and Lecomte 2019). However, in
this study,F. oxysporum isolatedfrom A.mangium has a
wide host range fromfabaceae family; therefore, it is not
classified as formae specialis.

In conclusion,F. oxysporumisolated fromA. mangium
causes infection in several types of forest and industrial
plants.Since it has a wide host range, it is not classified as
part of the formae specialis group.
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Abstract.SolehaS,MuslimA,SuwandiS,KadirS,PratamaR.2021.Hostrangestudiesof Fusariumoxysporum,causalagentof
seedlingwiltdiseaseof Acaciamangium.Biodiversitas 23:xxxx.Fusariumoxysporumisaseriouspathogen thatcausesseverewilt
diseaseincommercialnurseriesof AcaciamangiuminSouthSumatra. ThisstudyaimedtoinvestigatethehostrangeofF.oxysporumas a nursery
wilt pathogen inA. mangium and several forest and industrial plants. Three isolatesofF. oxysporum with different translation
elongationfactor(tefl-[1)sequencesweretestedforpathogenicityondifferentfabaceaefamilyplantsandthegrowthofpopulationwas
alsoobserved. Theresultsshowedthatallthethreeisolateswereabletoinfectallthetestedplantswithdifferentreactionsofwilt disease. The
Acaciacrassicarpaand Falcatariamoluccanawerehighlysusceptible;Archidendronpauciflorum,Leucaena leucocephala,and
Parkiaspeciosa weremoderatelyvulnerableand Acaciaauriculiformiswasmoderatelyresistant. Thepathogen population in A. crassicarpa
and F. moluccana grew rapidly along with the increase in disease scores, whileinL. leucocephala it was moderate,andslowin
A.pauciflorum, P.speciosaand A.auriculiformis plants.Inconclusion, F.oxysporum pathogen,whichwas isolated from A. mangium, has a

wide range of hosts in the fabaceae family.

Keyword:Acaciamangium,fabaceae, Fusariumoxysporum,hostrange,seedlingwilt

INTRODUCTION

Acacia mangium (Willd.) is a species of plant that
originated in several regions of Indonesia, Papua New
Guinea,andAustralia,andwhich,hasalsobeenfoundfora few
decadesin the humid tropical lowlandsof Asia, South
America, and Africa (Koutika and Richardson 2019). It is
planted on a large scale for industrial purposes and forest
restoration in the tropics (Matsumura and Naoto 2011).
Since this plant species is known for its fast growth and
high adaptability to variousenvironmentalconditions(Asif
et al. 2017), itiswidely used for agroforestry, forestry, and
restoration of degraded land (Koutika and Richardson
2019).

Fusariumoxysporumisanimportantpathogenicfungus
that causes wilt disease in different plants all over the
world.Soleha et al. (2021) reported that it was identifiedas
the causative agent of vascular wilt in several commercial
nurseries of A. mangium in South Sumatra.The main source
of transmission is through infected seedlings and soil,
which is relatively difficult to treat after contamination.
The fungus survives by forming chlamydospores that allow
it to live for a long time, even without a host plant
(Ignjatov et al. 2012; Koyyappurath et al. 2016; Rana et al.
2017; Muslim et al. 2019). Furthermore, it attacks almost
every type of plant, from
cultivatedtoforestandwild(e.g.weeds)(Joshi2018).This

fungusisalsoabletoattackvariousplanthabitssuchas
trees(Zhangetal.2013),herbaceousplants(Jacobsand
Heerden 2012), and vines (Rooney-Latham and Blomquist
2011).Severaltypesofforestplantsthathavereportedly been
attacked byF. oxysporum arePinus massoniana(Luo
andYu2020), Tectonagrandis (Borgesetal.2018),
Pseudotsugamenziesii (Stewartetal.2011), Acacia mangium
(Widyastuti et al. 2013) and others.

SinceF. oxysporum has a high level of host specificity,
it is classified as a formae species (Burkhardt et al. 2019;
Taylor et al. 2019). According to Leslie and Summerell
(2006) more than 100 formae species and races have been
identified and are widespread in the world.

Besides A.mangium,whichisthemainplantof
industrialforestryinindonesia,otherplants,suchasAcacia
crassicarpa, Acaciaauriculiformis, Parkiaspeciosa,
Archidendronpauciflorum, Falcataria moluccana,and
Leucaenaleucocephalaarealsoimportantandhavehigh
economic value. Considering that they belong to the same
family(Fabaceae),theycanbecomethemainoralternative
hostsfor F.oxysporum, causativeagentofwiltdisease.
Thisstudyaimedtoinvestigatethehostrangeof F.oxysporum
as a nursery wilt pathogen inA. mangium and several
industrial and local forest plants in Indonesia.
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MATERIALSANDMETHOD

Fungalisolates

Threepathogenicisolatesof F.oxysporum(AFO01, BF05,
and DF11) were selected, which were differentiated
accordingtotheir tef1-asequence(Figurel).lsolates
wereculturedonPDBIliquidmedium(potatodextrose broth)
and incubated at 26-28°C on a shaker (150 rpm) for about
five days. Then the mycelia suspension was filtered
usingtwolayersofsterilegauzetoseparatetheconidiaand
hyphae.Theconidialconcentrationwasdeterminedusinga
hemocytometer and then adjusted to a concentration of 10°
ml-t for pathogenicity test.

Plantmaterial

The plants used were members of the fabaceae family,
namelyA. crassicarpa, A. auriculiformis,F. moluccana,A.
pauciflorum,P. speciosa, andL. leucocephala, which were
one month old. The seedlings were obtained from theForest
Crops Research Institute, South Sumatra.Seedlings were
transferred in a mixed medium with cocopeat (1:1)
usingaplasticpotoflOcmdiameterand10cmheight,and  then
placed in a shade house.

Pathogenicitytest

A pathogenicity test was carried out using root dip
method, in which the roots were washed under running
water and then immersed in 250 ml of conidia suspension
(108 conidia ml) for 15 minutes. The control plants were
immersed in sterile distilled water, and the seedlings were
transplanted into plastic pots and placed under a house
shade. Each isolate was inoculated on 25 plants with five
replicates (five plants per-replicate). Then, disease severity
wascalculatedusingthemethodofMuslimetal.(2003a)

and the disease index(DI) was classified into following
grades, where 0 = no disease/healthy seedling, 1 = yellow
leaves, 2 = yellow leaves and slightly wilted, 3 = severe
wilt, and 4 = dead seedling (Bertetti et al. 2018).
Furthermore, plant responses were grouped as, R
=resistant(DI=0), MR=moderatelyresistant/tolerance(DI

= <1), MS = moderately susceptible (DI = 1.0-2.0), S =
susceptible(DI = 2.1-3.0) andHS= highly susceptible(DlI
=3.1-4.0).Thedevelopmentofdiseasewasobserved1-21
days after inoculation.

Fusariumoxysporumpopulation

Thepopulationof F.oxysporum intherootswas calculated
atthe end ofthe experimentusingthe methodof
(Muslimetal.2003b;Lietal.2008;Horinouchietal.
2011)withmodificationstothesurfacesterilizationof
samples.Thentheplantsweregroupedaccordingto
severity(diseasescore)andwashedseparatelyunder running
water to remove soil residues. After that, all plants
ineachscoreweresurfacesterilisedusing1%sodium
hypochloritefor15minutes,thenrinsedthreetimeswith
distilledwater. Thesamplesandwater(1:100w/v)were
homogenised usingblender at8000 rpm for 10 minutes.
Thentheywerefilteredusingtwolayersofsterilegauze
anddiluted 10 t01000 times. The suspension was spread
onPeptonePCNBagarMedia(PPA/NashSnyderMedium)
(Leslie and Summerell 2006) in triplicate (five Petri dishes
perreplication)andincubatedindarkforsevendaysat
roomtemperature. Thenumberofcolony-formingunits
(CFU)ofF.oxysporumwascalculatedonthebasisoffresh
weightpergramofsampleandgroupedaccordingtothe level of
diseases severity.

Figurel.F.oxysporumisolatesonPDAmedium.(a)AF01,(b)BF05,and(c) DF11.Firstline:frontview;secondline:reverseview.
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Figure 2.Disease index ofAcaciacrassicarpa,(a) from left:healthy plantto 100% wilted leaves (score 0—4); (b) initial symptoms:yellowing
from oldest leaves; (c) advanced symptoms: falling leaves; (d) dead plant

Figure 3.Disease index onFalcataria moluccana,(a) from left: healthy plant to 100% wilted leaves (score 0—4); (b) initial symptoms:
yellowing from oldest leaves; (c) advanced symptoms: curved, dry, and falling leaves; (d) dead plant

Figure4.DiseaseindexonArchidendronpauciflorum,(a)fromleft:healthyplantto1 00%wiltedleaves(score0—4);(b)initial symptoms: yellowing
and dry from oldest leaves; (c) advanced symptoms: falling leaves; (d) dead plant
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Figureb5.DiseaseindexonLeucaenaleucocephala,(a)fromleft:healthyplant to100%wiltedleaves(score0—4);(b)initialsymptoms: yellowing
from oldest leaves; (c) advanced symptoms: curved leaves; (d) yellowing upward

Figure6.DiseaseindexonParkiaspeciosa, (a)fromleft:healthyplantto100%wiltedleaves(score0—4);(b)initialsymptoms: yellowing and dry
from oldest leaves; (c) advanced symptoms: curved leaves; yellowing (d) dead plant

Figure7.DiseaseindexonAcaciaauriculiformis,fromleft:healthyplanttowiltedanddeadplant(score0—4)
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RESULTSANDDISCUSSION

Pathogenicitytest

The results showed that all the six forest plants tested
had similar reaction to the pathogen. Seven days after
inoculation, all the plants showed typical symptoms ofF.
oxysporuminfection, i.e. yellowing of oldest leaves closest
to the stem base, which gradually progress to younger
shoots, severe wilting, drying, falling of leaves, and
eventually plant die. Another symptom that appeared was
sudden wilting and death of plant without changing theleaf
colour, while control plants did not show any symptoms
(Figures 2-7).

Diseaseseveritywassignificantlyhigherthancontrols.
A.crassicarpaand F.moluccanaweremostseverely
affectedwithanaveragescoreof4.00and3.44,respectively.Ont
heotherhand, A.pauciflorum, L. leucocephala,and
P.speciosawereshowed moderate
diseaseseverity  i.e.1.96,1.68,and1.80,respectively,
whereasA.auriculiformishadthelowest(0.36)disease severity
(Table 1).Based on the disease score, host plants were
classified into three groups: i) highly susceptible (A.
crassicarpa andF. moluccana), ii) moderately susceptible
(A. pauciflorumP. speciosa, andL. leucocephala), and iii)
moderateresistance/tolerance(A.auriculiformis).Result
exhibited that there was no significant difference between
thediseaseseverityinthesamehostthathadbeen inoculated

with  different  isolates  (Table  1).
Tablel.DiseaseseverityandhostresponsestoFusariumoxysporumisolatedfromAcaciamangium
Plantspecies [sofates”
AF019 Response® BF05 Response DF11 Response
Acaciacrassicarp 4.00a HS9 3.48 HS 3.96a HS
Falcatariamoluccan 3.44ab HS 3.04 HS 2.80ab S
Archidendronpaucifloru 1.96b MS 1.88b MS 1.40cd MS
Leucaenaleucocephal 1.52 MS 1.56b MS 1.68bc MS
Parkiaspecios 1.80 MS 1.04b MS 2.16bhc S
Acaciaauriculiformi 0.36d MR 0.40 MR 0.60d MR

Valuesfollowedbythesameletterineachrowarenotsignificant.

aDI 0-4, where 0 = no disease/healthy seedling, 1 = yellow leaves, 2 = yellow leaves and slightly wilted, 3 = severe wilt, and 4 = dead

seedling.
bF. oxysporumisolates.

©) Host response grouped as: R = resistant (DI = 0); MR = moderately resistant/tolerance (DI = <1); MS = moderately susceptible (DI =
1.0-2.0); S = susceptible (DI = 2.1-3.0); HS = highly susceptible (DI = 3.1-4.0) (Bertetti et al. 2018).
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Figure8.Regressionanalysisofdiseasescorerateand F.oxysporumpopulation
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Table2.Fusariumoxysporumpopulationonrootineachdiseaseindex

PopulationofFusariumoxysporum(x10*CFU/gfreshweight)?

Plantspecies 0 1 5 3 2 Average®)

AF019

Acaciacrassicarpa ns n.s n.s n.s 8513 & 8513
Falcatariamoluccan n. 1777 2277 a 6098 a 9187 a 7650
Archidendronpaucifloru 045b 110b 322b 815b 1253 cd 506
Leucaenaleucocephal 617a 1810 a 2093 a n.s 5167b 2213
Parkiaspecios 032b 045b 258b 727b 357d 216
Acaciaauriculiformi 292a n. n. n. 2453 ¢ 465
BF05

Acaciacrassicarp n. n. 5180 a 7208 a 10510 9261
Falcatariamoluccan n. 1322 1532b 4033b 6167b 4385
Archidendronpaucifloru 047c 063b 173c 688c 990d 360
Leucaenaleucocephal 467a 902a 1232b 2932b n. 1116
Parkiaspecios 048 057b 127 233d n. 087
Acaciaauriculiformis 255h n.s ns n.s 2043 ¢ 398
DF11

Acaciacrassicarp n. n. n. 6192 a 8200 a 8120
Falcatariamoluccan n.s 1250 a 2747 a 5493 a 7300 a 4793
Archidendronpaucifloru 035 035b 337 442 6 92 219
Leucaenaleucocephal 558a 1117 1653b 3663b 5427b 1969
Parkiaspecios 025c¢ 048b 158¢ 1197d 1227d 579
Acaciaauriculiformi 283b n. n. n. 2128 ¢ 505

n.s:Nosample,cfu:colonyformingunit

AF . oxysporumpopulationcalculatedattheendoftheexperiment(21daysafterinoculation).
b)D10-4;0=nodisease/healthyseedling;1=yellowleaves;2=yellowleavesandslightlywilted;3=severewilt;and4=deadseedling.
9Averageoff.oxysporumpopulation(cfu/gfreshweight)=(PoA+P1B+P2C+P3D+P4E)/N;whereP0,P1,P2,P3,andP4=populationof pathogeninscore0, 1,2,3,and4:A=number of plantson score0; B
=number of plantson scorel; C =number ofplantson score2; D =number ofplantson score3; E = number ofplantson score4; N = totalnumber of plants.

9F.oxysporumisolates

9Valuesfollowedbythesameletterineachrowarenotsignificant.
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Table3.Fusariumoxysporumpopulationaverageanddiseasesindexofplant

Populationaverage(x10*CFU/gfresh

Diseaseindex?

Plantspecies weight)?

AF019 BFO05 DF11 AF01 BF05 DF11
Acaciacrassicarp 8513 9261 8120 4.00 3.48 3.96
Falcatariamoluccan 7650 4385 4793 3.44 3.04 2.80
Archidendronpaucifloru 506 3.60 2.19 1.96 1.88 1.40
Leucaenaleucocephal 2213 1116 1969 152 1.56 1.68
Parkiaspecios 216 0.87 5.79 1.80 1.04 2.16
Acaciaauriculiformi 4 65 3.98 5.05 0.36 0.40 0.60

aAverage ofF. oxysporum population (cfu/g fresh weight) = (PoA+P1B+P2C+P3D+P4E)/N; where PO, P1, P2, P3, and P4 = population
ofpathogenin score0,1,2,3,and4: A=numberofplantson score 0;B= numberofplantsonscore 1;C= numberofplantsonscore 2; D = number
of plants on score 3; E = number of plants on score; N = total number of plants.

DI 0-4; 0 = no disease/healthy seedling; 1 = yellow leaves; 2 = yellow leaves and slightly wilted; 3 = severe wilt; and 4 = dead

seedling.
°F.oxysporumisolates.

Discussion

Arecentstudyreportedanextraordinaryincidenceof
seedlingwiltdiseasecausedbyfungalpathogen F. oxysporum
attacking commercial nurseries ofA. mangium
inSouthSumatra(Solehaetal.2021). Therefore,the
investigation of a new host of the pathogen is an important
step in the plant protection strategy for soil-borne diseases.
Hostrangetestsalsoprovideinformationabout plant
species that have the potential to become alternative hosts
or main hosts for the pathogen (Sampaio et al. 2021).

Theresults indicated thatF. oxysporum,which causes
vascularwiltinA.mangiumnursery,canalsoinfect fabaceae
plantswith varioushostresponses.A. crassicarpa and
F.moluccanawerehighlysusceptible,while A. pauciflorum,
L.leucocephala,and P.speciosawere moderately

vulnerable, and A. auriculiformis  was
moderatelyresistant.Pathogencausedwiltingsymptoms in all
test plant species with DI of 4.00. Although DI was lower
(0.36) inA. auriculiformis, but it had the potential to
damageplants. F.oxysporumabletoinfectplantseven
withalowDlI,causingthedeathofcultivars.Moreover, when a
plant is grown in contaminated soil, there is a high risk
ofdamageto crops. Asimilar incidentwasreportedby
Pastranaetal.(2017)inwhich F.oxysporumfrom
blackberryalsocausedsuddendeathinstrawberries. Another
study also revealed thatF. oxysporum from cactus causes
root and stem rot diseasesinEuphorbia (Bertetti et al.
2017).

The results revealed that several types of plants
belonging to the fabaceae family had great potential to
become an alternative hosts and even main host for F.
oxysporum when planted in the same field. Widespread of
this pathogen may allow interaction with new plants (Edel-
Hermann and Lecomte 2019; Sampaio et al. 2021).
Moreover, the planting of new species affected the
occurrenceofnewoutbreaksbecausethepathogenicstrains
adapted to thesoil and had became virulent (Sampaio et al.
2021; Stukenbrock and McDonald 2008). Furthermore,
nurseryactivitiesthatusecontaminatedsoilrepeatedlyalso
triggered the pathogens proliferation and adaptation toother
plants.

Thepathogenpopulationin A.crassicarpaand F.
moluccanagrewveryrapidlywithincreasingdisease
scores,whileinL.leucocephalagrewmoderately, and A.
pauciflorum, P.speciose,and A.auriculiformisgrew
slowly. Inthisstudy,thepopulationofF.oxysporumon highly

susceptible plants (A. crassicarpa and F.
moluccana)wassignificantlyhigherthanotherplantsfor
eachdiseasescore. Thispatterniscommonwherethe
populationofpathogenisalsohigherwithdiseasescores
(Scottetal.2014).deBorbaetal.(2017)reportedthat
susceptiblelettucecultivarsshowedhigh Fusarium
populationlevelandvulnerableblackbeangenotype
showedapopulationlevelof15.4x10°CFU%. The second
patternwasobservedonL. leucocephala, where the
population of pathogen was also moderate with a moderate
diseasesscore. Thesimilarresultwasalsooccurredin garlic
with a disease severity of 44% due toFusarium spp.
infection, which showed a moderate number of pathogens
on roots (Molinero-Ruiz et al. 2011).

AspecialpatternoccurredonA.paucifloruminwhich
F.oxysporumcausedamoderateinfection,butthe
pathogenpopulationwaslow. Thismightbeduetothe plant
defence mechanism. Scott et al. (2014)reported that
resistant pepper plants also support pathogen development
inroots,evenwithoutexternalsymptoms.Similarphenomenaw
asreportedbyMuslimetal.(2003a)who
notedthatsometomatoplantsareinfectedmoderately
(scorel—-2)by F.oxysporumf.sp. lycopersici,butthe
population was lower than other plants in same score.

The infection and total population onParkia speciosa
andA. auriculiformis was lower. Thisindicated thatplants
belonged to the resistant plant group. Fang et al. (2012)
reported that when resistant strawberry plants were
inoculated withF. oxysporum f. sp.fragariae, the cultivar
formed a barrier with accumulated phenolic cells in the
hypodermal layer that effectively limits the pathogen
colonisation and prevent the invasion of root vascular
tissue. If the tissue penetration by hyphae was limited tothe
epidermis, then the pathogens do notreach the vascular
tissue. Van Den Berg et al. (2007) reported that banana
clones tolerant to F. oxysporum f. sp. cubense correspond
withthis,with asignificantincrease intheinductionof cell
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wall-associated phenolic compounds. Jiménez-Fernandezet
al. (2013) also reported thatFusarium oxysporum f. sp.
ciceris race 0 remained in the intercellular space of root
cortex and failed to reach xylem in resistant chickpea
cultivars.

Inthisstudy, A.crassicarpaand F.moluccana were
proven to be an alternative host of F.oxysporum. Whereas
L.leucocephala, A.pauciflorum, P.speciosa,and A.
auriculiformishadpotentialasalternativehosts.Many
plantsoffabaceae familywasattackedbyformaespecialis
F.oxysporum,suchasVignaangularis(F.oxysporumf.sp.
adzukicola),Cicerarietinum,Cicerspp.(F.oxysporumf. sp.
ciceris), Acaciaspp.(F.oxysporum f.sp. koae), Lens
culinaris,L.esculenta(F.oxysporum f.sp. lentis),
Medicagosativa(F.oxysporum f.sp. medicaginis),
Phaseolusvulgaris, P.coccineus(F.oxysporum f.sp.
phaseoli),Pisumsativum,Cicerarietinum(F.oxysporumf.
sp.pisi) (Edel-Hermann and Lecomte 2019). However, in
this study,F. oxysporum isolatedfrom A.mangium has a
wide host range fromfabaceae family; therefore, it is not
classified as formae specialis.

In conclusion,F. oxysporumisolated fromA. mangium
causes infection in several types of forest and industrial
plants.Since it has a wide host range, it is not classified as
part of the formae specialis group.
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Abstract.SolehaS,MuslimA,SuwandiS,KadirS,PratamaR.2021.HostrangestudiesofFusarium
oxysporum, causal agent of seedling wilt disease of Acacia mangium. Biodiversitas 23: 25-
32.Fusariumoxysporumisaseriouspathogenthatcausesseverewiltdiseasein
commercialnurseriesof AcaciamangiuminSouthSumatra,Indonesia.Thisstudyaimedto
investigatethehostrangeof F.oxysporumasanurserywiltpathogeninA.mangiumand
severalforestandindustrialplants.Threeisolatesof F.oxysporumwithdifferenttranslation
elongation factor (tef 1-a) sequences were tested for pathogenicity on different fabaceae
familyplantsandthegrowthofpopulationwasalsoobserved.Theresultsshowedthatallthe three
isolates were able to infect all the tested plants with different reactions of wilt disease. The
Acacia crassicarpa and Falcataria moluccana were highly susceptible; Archidendron
pauci@rum,Leucaenaleucocephala,andParkiaspeciosaweremoderatelyvulnerableandAcacia
auriculiformiswasmoderatelyresistant. ThepathogenpopulationinA.crassicarpaandF.
moluccanagrewrapidlyalongwiththeincreaseindiseasescores,whileinL./leucocephalait was
moderate, and slow in A.pauci@rum, P.speciosaand A.auriculiformisplants. In conclusion,
F.oxysporumpathogen,whichwasisolatedfromA.mangium,hasawiderangeofhostsinthe
fabaceaefamily.
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Abstract.SolehaS,MuslimA,SuwandiS,KadirS,PratamaR.2021.Hostrangestudiesof Fusariumoxysporum,causalagentof seedling wilt
disease of Acacia mangium. Biodiversitas 23: 25-32.Fusarium oxysporumis a serious pathogen that causes severe wilt disease in
commercial nurseries ofAcacia mangiumin South Sumatra, Indonesia. This study aimed to investigate the host range of F.
oxysporumasanurserywiltpathogeninA.mangiumandseveralforestsandindustrialplants. Threeisolatesof F.oxysporumwith
differenttranslationelongationfactor(tef1-o))sequencesweretestedforpathogenicityondifferentFabaceaefamilyplantsandthe growth of
population was also observed. The results showed that all three isolates were able to infect all the tested plants with different reactions to
wilt disease. Acacia crassicarpa andFalcataria moluccana were highly susceptible;Archidendron pauciflorum, Leucaena
leucocephala,and Parkiaspeciosa weremoderatelyvulnerableand Acaciaauriculiformiswasmoderatelyresistant. Thepathogen population in
A. crassicarpa and F. moluccana grew rapidly along with the increase in disease scores, while in L. leucocephala it was
moderate,andslowin A.pauciflorum, P.speciosaand A.auriculiformis plants.Inconclusion, F.oxysporum pathogen,whichwas isolated from

A. mangium, has a wide range of hosts in the Fabaceae family.

Keywords:Acaciamangium,Fabaceae, Fusariumoxysporum,hostrange,seedlingwilt

INTRODUCTION

Acacia mangium (Willd.) is a species of plant that
originated in several regions of Indonesia, Papua New
Guinea,andAustralia,andwhich,hasalsobeenfoundfora few
decades in the humid tropical lowlands of Asia, South
America, and Africa (Koutika and Richardson 2019). It is
planted on a large scale for industrial purposes and forest
restoration in the tropics (Matsumura and Naoto 2011).
Since this plant species is known for its fast growth and
highadaptabilitytovariousenvironmentalconditions  (Asif
etal. 2017), itiswidely used for agroforestry, forestry, and
restoration of degraded land (Koutika and Richardson
2019).

Fusariumoxysporumisanimportantpathogenicfungus
that causes wilt disease in different plants all over the
world.Soleha et al. (2021) reported that it was identifiedas
the causative agent of vascular wilt in several commercial
nurseries of A. mangium in South Sumatra. The main source
of transmission is through infected seedlings and soil,
which is relatively difficult to treat after contamination.
The fungus survives by forming chlamydospores that allow
it to live for a long time, even without a host plant
(Ignjatov et al. 2012; Koyyappurath et al. 2016; Rana et al.
2017; Muslim et al. 2019). Furthermore, it attacks almost
every type of plant, from
cultivatedtoforestandwild(e.g.weeds)(Joshi2018).This

fungusisalsoabletoattackvariousplanthabitssuchas
trees(Zhangetal.2013),herbaceousplants(Jacobsand Heerden
2012), and vines (Rooney-Latham and Blomquist
2011).Severaltypesofforestplantsthathavereportedly been
attacked byF. oxysporum arePinus massoniana(Luo
andYu2020), Tectonagrandis (Borgesetal.2018),
Pseudotsugamenziesii (Stewartetal.2011), Acacia mangium
(Widyastuti et al. 2013), and others.

Since F. oxysporumhas a high level of host specificity,
it is classified as a formae species (Burkhardt et al. 2019;
Tayloretal.2019).AccordingtoLeslieandSummerell (2006)
more than 100 formae species and races have been
identified and are widespread in the world.

Besides A.mangium,whichisthemainplantof
industrialforestryinindonesia,otherplants,suchasAcacia
crassicarpa, Acaciaauriculiformis, Parkiaspeciosa,
Archidendronpauciflorum, Falcataria moluccana,and
Leucaenaleucocephalaarealsoimportantandhavehigh
economic value. Considering that they belong to the same
family(Fabaceae),theycanbecomethemainoralternative
hostsfor F.oxysporum, causativeagentofwiltdisease.
Thisstudyaimedtoinvestigatethehostrangeof F.oxysporum as
a nursery wilt pathogeninA. mangium and several industrial
and local forest plants in Indonesia.
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MATERIALSANDMETHODS

Fungalisolates

Threepathogenicisolatesof F.oxysporum(AF01, BF05,
and DF11) were selected, which were differentiated
accordingtotheir tef1-asequence(Figurel).lsolates
wereculturedonPDBIliquidmedium(potatodextrose broth)
and incubated at 26-28°C on a shaker (150 rpm) for about
five days. Then the mycelia suspension was filtered
usingtwolayersofsterilegauzetoseparatetheconidiaand
hyphae.Theconidialconcentrationwasdetermined usinga
hemocytometer and then adjusted to a concentration of 10°
ml-t for pathogenicity test.

Plantmaterial

The plants used were members of the Fabaceae family,
namelyA. crassicarpa, A. auriculiformis,F. moluccana,A.
pauciflorum,P. speciosa, andL. leucocephala, which were
one month old. The seedlings were obtained from theForest
Crops Research Institute, South Sumatra. Seedlings were
transferred in a mixed medium with cocopeat (1:1)
usingaplasticpotoflOcmdiameterand10cmheight,and  then
placed in a shade house.

Pathogenicitytest

A pathogenicity test was carried out using root dip
method, in which the roots were washed under running
water and then immersed in 250 ml of conidia suspension
(108 conidia ml) for 15 minutes. The control plants were
immersed in sterile distilled water, and the seedlings were
transplanted into plastic pots and placed under a house
shade. Each isolate was inoculated on 25 plants with five
replicates (five plants per-replicate). Then, disease severity
wascalculatedusingthemethodofMuslimetal.(2003a)

and the disease index(DI) was classified into following
grades, where 0 : no disease/healthy seedling, 1 : yellow
leaves,2:yellowleavesandslightlywilted,3 :severewilt, and 4

dead seedling (Bertetti et al. 2018). Furthermore,
plantresponsesweregroupedas,R ‘resistant(DI1=0),MR:
moderately resistant/tolerance (DI = <1), MS : moderately
susceptible (DI = 1.0-2.0), S : susceptible (DI = 2.1-3.0)
and HS highly susceptible (DI = 3.1-4.0). The
development of disease was observed 1-21 days after
inoculation.

Fusariumoxysporumpopulation

Thepopulationof F.oxysporum intherootswas calculated
attheend ofthe experimentusingthemethod of
(Muslimetal.2003b;Lietal.2009;Horinouchietal.
2011)withmodificationstothesurfacesterilizationof
samples.Thentheplantsweregroupedaccordingto
severity(diseasescore)andwashedseparatelyunder running
water to remove soil residues. After that, all plants
ineachscoreweresurfacesterilizedusing1%sodium
hypochloritefor15minutes,thenrinsedthreetimeswith
distilledwater. Thesamplesandwater(1:100w/v)were
homogenizedusingblenderat8000rpmfor10minutes.
Thentheywerefilteredusingtwolayersofsterilegauze
anddiluted 10 t01000 times. The suspension was spread
onPeptonePCNBagarMedia(PPA/NashSnyderMedium)
(Leslie and Summerell 2006) in triplicate (five Petri dishes
perreplication)andincubatedindarkforsevendaysat
roomtemperature. Thenumberofcolony-formingunits (CFU)
of F. oxysporumwas calculated on the basis of fresh
weightpergramofsampleandgroupedaccordingtothe level of
diseases severity.

Figure 1.Fusarium oxysporum isolates on PDA medium. A. AF01, B. BFO5, and C. DF11. First line: front view; second line: reverse

view
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Figure 2.Disease index ofAcaciacrassicarpa,A.From left: healthy plant to100%wiltedleaves (score 0—4);B. Initial symptoms: yellowing
from oldest leaves; C. Advanced symptoms: falling leaves; D. Dead plant

Figure 3.Disease index onFalcataria moluccana, A. From left: healthy plant to 100% wilted leaves (score 0—4); B. Initial symptoms:
yellowing from oldest leaves; C. Advanced symptoms: curved, dry, and falling leaves; D. Dead plant

Figure4.DiseaseindexonArchidendronpauciflorum,A.Fromleft:healthyplantto1 00%wiltedleaves(score0—4);B.Initial symptoms: yellowing and
dry from oldest leaves; C. Advanced symptoms: falling leaves; D. Dead plant
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Figure5.DiseaseindexonLeucaenaleucocephala,A.Fromleft:healthyplantto100%wiltedleaves(score0—4);B.Initialsymptoms: yellowing from
oldest leaves; C. Advanced symptoms: curved leaves; D. Yellowing upward

Figure6.DiseaseindexonParkiaspeciosa.A.Fromleft:healthyplantto100%wiltedleaves(score0—4);B.Initialsymptoms: yellowing and dry from
oldest leaves; C. Advanced symptoms: curved leaves; yellowing, D. Dead plant

Figure7.DiseaseindexonAcaciaauriculiformis,fromleft:healthyplanttowiltedanddeadplant(score0—4)
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RESULTSANDDISCUSSION

Pathogenicitytest

The results showed that all the six forest plants tested
had a similar reaction to the pathogen. Seven days after
inoculation, all the plants showed typical symptoms ofF.
oxysporuminfection, i.e. yellowing of oldest leaves closest
to the stem base, which gradually progresses to younger
shoots, severe wilting, drying, falling of leaves, and
eventually plant die. Another symptom that appeared was
suddenwiltinganddeathofplant withoutchangingtheleaf
color, while control plants did not show any symptoms
(Figures 2-7).

Diseaseseveritywassignificantlyhigherthancontrols.
A.crassicarpaand F.moluccanaweremostseverely
affectedwithanaveragescoreof4.00and3.44,respectively.Ont
heotherhand, A.pauciflorum, L. leucocephala,and
P.speciosawereshowedmoderate
diseaseseverity,i.e.1.96,1.68,and1.80,respectively,
whereasA.auriculiformishadthelowest(0.36)disease severity
(Table 1).Based on the disease score, host plants were
classified into three groups: (i) highly susceptible (A.
crassicarpa andF. moluccana), (ii) moderately susceptible
(A. pauciflorumP. speciosa, andL. leucocephala), and(iii)
moderateresistance/tolerance(A.auriculiformis).Results
exhibited that there was no significant difference between
thediseaseseverityinthesamehostthathadbeen inoculated
with different isolates (Table 1).

Fusariumoxysporumpopulation

The total population ofF. oxysporum on the roots was
determined by calculating the CFU for each category of
damage.ForDl4, A.crassicarpaand F.moluccana

Acacia crassicarpa

Falcataria moluccana

showed a significantly higher population (82.00-105.10 x
10*CFUg freshweight)thanotherplants. Thelowest
population was recorded in P. speciosaand A. pauciflorum
(3.57-12.27x10*CFUg *freshweight). Thissamepattern also
occurred in DI 2 and 3, while no sample was recorded
inA.auriculiformisforDI2and3.InDI1,thehighest
populationwasrecordedin F.moluccanaand
L.leucocephala,while A.crassicarpaand A.auriculiformis
had no sample for DI 1. In inoculated plants with DI 0, the
populationwassignificantlyhigherinL.leucocephalaand
A.auriculiformisandnosamplewasnotedinA. crassicarpa and
F. moluccana (Table 2 and Table 3).

Theregressionanalysisresultsshowedthatallplants
exceptP.speciosahadalinearrelationshippatternbetween
theincreaseindiseasescoreandpopulation. Thepathogenic
population onA. crassicarpa andF. moluccana grew rapidly
along with the increase in disease scores, as
indicatedbythemagnitudeofregressiongradient
coefficient(m=20.3-21.3).However,moderateincrease
wasobservedinL.leucocephala(m=11.2)(m=11.2)and
veryslowin A.pauciflorum, P.speciose,and A. auriculiformis
(m=2.2-4.8) (Figure 8).

Table 3 showed that isolates were different intefl-«,but
the population and DI patterns were similar for eachtest
plant. The correlation between the population of pathogen
(gt fresh weight) and the level of DI was described as
follows: i) high pathogen populations with high DI (A.
crassicarpa andF. moluccana), ii) moderate population
with moderate DI (L. leucocephala), iii) low population
with moderate DI (A. pauciflorum), and iv) low
populationwithlowDI(P.speciosaandA.auriculiformis).

Archidenron pauciflorum
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Figure8.Regressionanalysisofdiseasescorerateand Fusariumoxysporumpopulation



30 BIODIVERSITAS?23(1):25-32,January2022

Tablel.DiseaseseverityandhostresponsestoFusariumoxysporumisolatedfromAcaciamangium

Plantspecies Isolates?
AF01°Re sponse”BF05Re sponseDF11Re sponse
Acaciacrassicarpa 4.00a HS 3.48a HS 3.96a HS
Falcatariamoluccana 3.44ab HS 3.04a HS 2.80ab S
Archidendronpauciflorum 1.96bc MS 1.88b MS 1.40cd MS
Leucaenaleucocephala 1.52¢ MS 1.56b MS 1.68bc MS
Parkiaspeciosa 1.80c MS 1.04bc MS 2.16hc S
Acaciaauriculiformis 0.36d MR 0.40c MR 0.60d MR

Note: Values followed by the same letter in each row are not significant.? DI 0-4, where 0: no disease/healthy seedling, 1: yellow
leaves,2:yellowleavesandslightlywilted,3:severewilt,and4:deadseedling. P)F.oxysporumisolates. “Hostresponsegroupedas:R: resistant
(DI = 0); MR: moderately resistant/tolerance (DI = <1); MS: moderately susceptible (DI = 1.0-2.0); S: susceptible (DI = 2.1-3.0); HS:
highly susceptible (DI = 3.1-4.0) (Bertetti et al. 2018).

Table2.Fusariumoxysporumpopulationonrootineachdiseaseindex

PopulationofFusariumoxysporum(x10*CFU/gfreshweight)®

Plantspecies 0b1234 Average?
AF019
Acaciacrassicarpa n.s n.s n.s n.s 85.13a° 85.13
Falcatariamoluccana n.s 17.77a 22.77a 60.98a 91.87a 76.50
Archidendronpauciflorum 0.45b 1.10b 3.22b 8.15h 12.53cd 5.06
Leucaenaleucocephala 6.17a 18.10a 20.93a n.s 51.67b 22.13
Parkiaspeciosa 0.32b 0.45b 2.58b 7.27b 3.57d 2.16
Acaciaauriculiformis 2.92a n.s n.s n.s 24.53c 4.65
BF05
Acaciacrassicarpa n.s n.s 51.80a 72.08a 105.10a 92.61
Falcatariamoluccana n.s 13.22a 15.32b 40.33b 61.67b 43.85
Archidendronpauciflorum 0.47c 0.63b 1.73c 6.88c 9.90d 3.60
Leucaenaleucocephala 4.67a 9.02a 12.32b 29.32b n.s 11.16
Parkiaspeciosa 0.48c 0.57b 1.27¢ 2.33d n.s 0.87
Acaciaauriculiformis 2.55b n.s n.s n.s 20.43c 3.98
DF11
Acaciacrassicarpa n.s n.s n.s 61.92a 82.00a 81.20
Falcatariamoluccana n.s 12.50a 27.47a 54.93a 73.00a 47.93
Archidendronpauciflorum 0.35¢ 0.35b 3.37c 4.42¢ 6.92e 2.19
Leucaenaleucocephala 5.58a 11.17a 16.53b 36.63b 54.27b 19.69
Parkiaspeciosa 0.25¢ 0.48b 1.58¢ 11.97d 12.27d 5.79
Acaciaauriculiformis 2.83b n.s n.s n.s 21.28¢ 5.05

Note: n.s: No sample, cfu: colony-forming unit. ®F. oxysporum population calculated at the end of the experiment (21 days after
inoculation). DI 0-4; 0: no disease/healthy seedling; 1: yellow leaves; 2: yellow leaves and slightly wilted; 3: severe wilt; and 4: dead
seedling. © Average ofF. oxysporum population (cfu/g fresh weight) = (PoA+P1B+P2C+P3D+P4E)/N; where PO, P1, P2, P3, and P4:
population ofpathogen in score0,1,2,3, and4:A:numberofplantson score0;B:numberofplantson scorel;C:numberofplantson score 2; D:
number of plants on score 3; E: number of plants on score 4; N: total number of plants. 9F. oxysporumisolates.® Values followed by the
same letter in each row are not significant.

Table3.Fusariumoxysporumpopulationaverageanddiseasesindexofplant

. Populationaverage(x10*CFU/gfreshweight)?Diseaseindex b)
Plantspecies AFO019BF05DF 11AF01BF05DF11
Acaciacrassicarpa 85.13 92.61 81.20 4.00 3.48 3.96
Falcatariamoluccana 76.50 43.85 47.93 3.44 3.04 2.80
Archidendronpauciflorum 5.06 3.60 2.19 1.96 1.88 1.40
Leucaenaleucocephala 22.13 11.16 19.69 1.52 1.56 1.68
Parkiaspeciosa 2.16 0.87 5.79 1.80 1.04 2.16
Acaciaauriculiformis 4.65 3.98 5.05 0.36 0.40 0.60

Note: @ Average ofF. oxysporum population (cfu/g fresh weight): (PoA+P1B+P2C+P3D+P4E)/N; where PO, P1, P2, P3, and P4:
population ofpathogen in score0,1,2,3, and4:A:numberofplantson score0;B:numberofplantson scorel;C:numberofplantson score 2; D:
number of plants on score 3; E: number of plants on score; N: total number of plants. ® DI 0-4; 0: no disease/healthy seedling; 1: yellow
leaves; 2: yellow leaves and slightly wilted; 3: severe wilt; and 4: dead seedling. 9F. oxysporum isolates
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Discussion

Arecentstudyreportedanextraordinaryincidenceof
seedlingwiltdiseasecausedbyfungalpathogen F. oxysporum
attacking commercial nurseries ofA. mangium
inSouthSumatra(Solehaetal.2021). Therefore,the
investigation of a new host of the pathogen is an important
step in the plant protection strategy for soil-borne diseases.
Hostrangetestsalsoprovideinformationaboutplantspecies
that have the potential to become alternative hosts or main
hosts for the pathogen (Sampaio et al. 2021).

Theresults indicated thatF. oxysporum,which causes
vascularwiltinA.mangiumnursery,canalsoinfect Fabaceae

plants with various host responses. A.
crassicarpaand F.moluccanawerehighlysusceptible, while
A.pauciflorum, L.leucocephala,and P.speciosa
weremoderatelyvulnerable,and A.auriculiformiswas
moderatelyresistant.Pathogencausedwilting symptomsin
alltestplantspecieswithDIlof4.00. AlthoughDlwas lower
(0.36) inA. auriculiformis, but it had the potential to
damageplants.Fusariumoxysporumisabletoinfectplants
evenwithalowDI,causingthedeathofcultivars.
Moreover,whenaplantisgrownincontaminatedsoil, there is a
high risk of damage to crops. A similar incident
wasreportedbyPastranaetal.(2017)inwhichF.
oxysporumfromblackberryalsocausedsuddendeathin
strawberries.  Anotherstudy also revealed thatF.
oxysporumfromcactuscausesrootandstemrot diseasesin
Euphorbia (Bertetti et al. 2017).

Theresultsrevealedthatseveraltypesofplants
belongingtotheFabaceaefamilyhadgreatpotentialto
becomeanalternativehostandevenmainhostfor F. oxysporum
when planted in the same field. Widespread of
thispathogen may allow interaction with new plants (Edel-
HermannandLecomte2019;Sampaioetal.2021).
Moreover,theplantingofnewspeciesaffectedthe
occurrenceofnewoutbreaksbecausethepathogenicstrains
adapted to thesoilandhad becomevirulent (Sampaio etal.
2021;StukenbrockandMcDonald2008).Furthermore,
nurseryactivitiesthatusecontaminatedsoilrepeatedlyalso
triggered the proliferation and adaptation of the pathogens
to other plants.

Thepathogenpopulationin A.crassicarpaand F.
moluccanagrewveryrapidlywithincreasingdisease
scores,whileinL.leucocephalagrewmoderately, and A.
pauciflorum, P.speciose,and A.auriculiformisgrew
slowly. Inthisstudy,thepopulationofF.oxysporumon highly

susceptible plants (A. crassicarpa and F.
moluccana)wassignificantlyhigherthanotherplantsfor
eachdiseasescore. Thispatterniscommonwherethe
populationofpathogenisalsohigherwithdiseasescores
(Scottetal.2014).deBorbaetal.(2017)reportedthat
susceptiblelettucecultivarsshowedhigh Fusarium
populationlevelandvulnerableblackbeangenotype
showedapopulationlevelof15.4x10°CFU% 1. The
secondpatternwasobservedonL.leucocephala,wherethe
population of pathogen was also moderate with a moderate
diseases score. A similar result was also occurred in garlic
withdiseaseseverityof44%dueto Fusariumspp. infection,
which showed a moderate number of pathogens on roots
(Molinero-Ruiz et al. 2011).

AspecialpatternoccurredonA.paucifloruminwhich
F.oxysporumcausedamoderateinfection,butthe
pathogenpopulationwaslow. Thismightbeduetothe plant
defense mechanism. Scott et al. (2014)reported that
resistant pepper plants also support pathogen development
inroots,evenwithoutexternalsymptoms.Similarphenomenon
wasreportedbyMuslimetal.(2003a)who
notedthatsometomatoplantsareinfectedmoderately
(scorel-2)by F.oxysporumf.sp. lycopersici,butthe
population was lower than other plants in same score.

The infection and total population onParkia speciosa
andA.auriculiformiswerelower. Thisindicatedthatplants
belonged to the resistant plant group. Fang et al. (2012)
reported that when resistant strawberry plants were
inoculated withF. oxysporum f. sp.fragariae, the cultivar
formed a barrier with accumulated phenolic cells in the
hypodermal layer that effectively limits the pathogen
colonization and prevent the invasion of root vascular
tissue. If the tissue penetration by hyphae was limited tothe
epidermis, then the pathogens do notreach the vascular
tissue. Van Den Berg et al. (2007) reported that banana
clones tolerant to F. oxysporum f. sp.cubense correspond
with this, with asignificantincreasein theinductionof cell
wall-associated phenolic compounds. Jiménez-Fernandezet
al. (2013) also reported thatFusarium oxysporum f. sp.
ciceris race 0 remained in the intercellular space of root
cortex and failed to reach xylem in resistant chickpea
cultivars.

In this study, A. crassicarpa and F. moluccana were
proventobeanalternativehostofF.oxysporum.Whereas
L.leucocephala, A.pauciflorum, P.speciosa,and A.
auriculiformishadpotentialasalternativehosts.Many
plantsofFabaceaefamilywereattackedbyformae specialis
F.oxysporum, suchas Vignaangularis(F. oxysporum f.sp.
adzukicola), Cicerarietinum,Cicerspp. (F. oxysporum f. sp.
ciceris), Acacia spp. (F. oxysporum f. sp.koae),Lens
culinaris, L. esculenta (F. oxysporumf. sp.
lentis),Medicago sativa (F. oxysporumf. sp.medicaginis),
Phaseolusvulgaris, P.coccineus(F.oxysporum f.sp.
phaseoli),Pisumsativum,Cicerarietinum(F.oxysporumf.
sp.pisi) (Edel-Hermann and Lecomte 2019). However, in
this study,F. oxysporumisolatedfromA.mangium has a wide
host range from Fabaceae family; therefore, it is not
classified as formae specialis.

In conclusion,F. oxysporumisolated fromA. mangium
causes infection in several types of forest and industrial
plants.Since it has a wide host range, it isnot classified as
part of the formae specialis group.
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