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 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. 

* BarbosaJ,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:I 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 tef1 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 tef1 genetic 

sequencing, they had similar virulence patterns”. (p: 5, line 142 of revised manuscript) 
 

Reviewer’scomment:Results,line140:Ican’tunderstandit.Rewriteit.Whatsamples? 
Ourresponse: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. 
Ourresponse: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 1”. (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 
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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). 
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Reviewer’scomment:Discussion,line226:Checkitagain:“race 0”. 
Ourresponse:Theword(race0)iscorrect(Jiménez-Fernándezetal.(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;156-157ofrevised manuscript) 

 

5. Reviewer’scomment:Table1.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 
Jl.Palembang-PrabumulihKm.32,Indralaya,Palembang,Indonesia E-

mail: a_muslim@unsri.ac.id 
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1 HostrangestudiesofFusariumoxysporum,thecausalagentofseedling 

2 wiltdiseaseofAcaciamangium 
3 

 
 

4 

 
 

5 
6 Abstract.FusariumoxysporumisaseriouspathogenthatcausesseverewiltdiseaseincommercialnurseriesofAcaciamangiumin 

7 SouthSumatra.Ithasbeenreportedtohaveahighlevelofhostspecificationatthegenusorfamilylevel.Thisstudyaimedto 

8 investigatethehostrangeofF. oxysporumasanurserywilt pathogenoninA. mangiumand severalforestsandindustrialplants.Three 

9 isolatesofF.oxysporumwithdifferenttranslationelongationfactor(tef1-)sequencesweretestedforpathogenicityondifferent 

10 fabaceaefamilyplantsfromtheFabaceaefamilyandthegrowthoftheirpopulationwasalsoobserved.Theresultsshowedthatitcanall 

11 thethreeisolateswereable toinfect allthetested plantswithdifferentreactionsofwilt disease.TheAcaciacrassicarpaandFalcataria 

12 moluccanawerehighlysusceptible;Archidendronpauciflorum,Leucaenaleucocephala,andParkiaspeciosaweremoderately 

13 vulnerableandAcaciaauriculiformiswasmoderatelyresistedresistantbyAcaciaauriculiformis.ThepathogenpopulationinA. 

14 crassicarpaandF.moluccanagrew rapidly alongwiththe increasein disease scores, whilethat ofinL.leucocephalaitwas moderate, 

15 andslowinA.pauciflorum,P.speciosaandA.auriculiformisplants.Inconclusion,theF.oxysporumpathogen,whichwasisolated 

16 fromA.mangium,hasawiderangeofhostsintheFabaceaefabaceaefamily. 

17 

 

18 Keyword:Acaciamangium,Fabaceaefabaceae,Fusariumoxysporum,hostrange,seedlingwilt 

 

19 INTRODUCTION 

 
20 Acaciamangium(….)isaspeciesofplantthatoriginatedinseveralregionsinofIndonesia,PapuaNewGuinea,and 

21 Australia,andwhich,forafewdecades,hasalsobeenfoundforafewdecadesintroducedtointhehumidtropical 
 

22 lowlandsofAsia,SouthAmerica,andAfrica(….).Itwasisplantedonalargescaleforindustrialpurposesandforest 

23 restorationinthetropics.Sincethisplantspeciesisknownforitsfastgrowthandhighadaptabilitytovarious 

24 environmentalconditions,itiswidelyusedinforagroforestry,forestry,andforrestorationofdegradedland. 

25 Fusariumoxysporumisanimportantpathogenicfungusthatcauseswiltdiseaseindifferentplantsallovertheworld. 

26 … reportedthatitwasidentifiedasthecausativeagentofvascularwiltinseveralcommercialnurseriesofA.mangium 

27 inSouthSumatra.Themainsourceoftransmissionisthroughinfectedseedlingsandsoil,whichisrelativelydifficultto 

28 treataftercontamination.Thefungussurvivesbyformingchlamydosporesthatallowittoliveforalongtime,even 

29 withoutahostplant.Furthermore,itattacksalmosteverytypeofplant,fromcultivatedtoforestandwild(e.g.weeds). 

30 Thisfungusisalsoabletoattackvariousplanthabitssuchastrees,herbaceousplants,andvines.Severaltypesofforest 

31 plantsthathavereportedlybeenattackedbyF.oxysporumthisfungiarePinusmassoniana,Tectonagrandis, 

32 Pseudotsugamenziesii,Acaciamangiumandothers(……). 

33 SinceF.oxysporumhasahighlevelofhostspecificity,itisclassifiedasaformaespecies...Accordingto 

34 than100formaespeciesandraceshavebeenidentifiedandarewidespreadintheworld. 

,more 

35 BesidesA.mangium,whichisthemaincommodityplantofindustrialforestryinIndonesia,otherplants,suchas, 

36 Acaciacrassicarpa,Acaciaauriculiformis,Parkiaspeciosa,Archidendronpauciflorum,Falcatariamoluccana,and 

37 Leucaenaleucocephalaarealsoimportantandhavehigheconomicvalue.Consideringthattheybelongtothesamefamily 

38 (Fabaceae),theycanbecomethemainoralternativehostsforF.oxysporum,thecausativeagentofwiltdisease.Thisstudy 

39 aimedtoinvestigatethehostrangeofF.oxysporumasanurserywiltpathogenoninA.mangiumandseveralindustrial 
 

40 andlocalforestplantsinIndonesia. 

 

41 MATERIALSANDMETHOD 

 
Fungalisolates42 

43 ThreeisolatesofF. o 

44 theirtef1-sequence t 

45 pathogenictoA.mangiu e 

46 broth)andincubatedat s 

Commented[AKG6]:Writenameofauthor 

Commented[AKG5]:Addreferences. 
….. 

Commented[AKG4]:Addreferences. 

Commented[AKG2]:Addreferences. 

Commented[AKG1]:Writetheauthenticityofplant. 

Commented[AKG7]:Rewritethisline.Orremovethisline 

Commented[AKG3]:Addreferences. 

oxysporum(AF01,BF05,andDF11),whichwereselected,whichweredifferentiatedaccordingt 

,wereutilised;theywerechosenbecauseapreviousstudy(haddescribedthemasthemos 

m (Figure1).PathogenisolatesIsolateswereculturedinonaPDBliquidmedium(potatodextros 

26-28Conashaker(150rpm)foraboutfivedays.Thenthemyceliasuspensionproducedwa 

 



PeptonePCNBagarmedia 

themethoddesignedbyandmodifiedusingadiseaseindex 

 

 

 

 

 

 

 

 

47 filteredusingtwolayersofsterilegauzetoseparatetheconidiaandhyphae.Theconidialconcentrationwasdetermined 
 

48 usinga hemocytometer and thendilutedadjustedtoa concentrationof106 ml-1 forthe pathogenicitytest.49 

50  

51 
52 Figure1.F.oxysporumisolatesonPDAmedium.(a)AF01,(b)BF05,and(c)DF11.Firstline:topsurfaceFrontview;secondline: 

53 bottomsurfacereverseview. 

 

Plantmaterial54 

55 TheplantsusedweremembersoftheFabaceaefabaceae(legumes)family,namely,A.crassicarpa,A.auriculiformis, 

56 F.moluccana,A.pauciflorum,P.speciosa,andL.leucocephala,whichwereonemonthold.Theseedlingswereobtained 

57 fromtheForestCropsResearchInstitute,SouthSumatra.,Seedlingsweretransferredinamixedmediumwithcocopeat 

58 (1:1)usingaplasticpotof10cmthathadadiameterandaheightof10cmheight,andwasthenplacedinashadehouse. 
 

 

59 Pathogenicitytest 

60 Apathogenicitytestwascarriedoutusingtherootdipmethod,whereinwhichtherootswerewashedunderrunning 
 

61 waterandthenimmersedin250mlofconidiasuspension(106conidiaml-1)for15minutes.Thecontrolplantswere 

62 immersedinsteriledistilledwater,andtheseedlingsweretransplantedintoplasticpotsandplacedunderahouseshade. 

63 Eachisolatewasinoculatedon25plantswithfivereplicates(fiveplantsper-replicate).Then,diseaseseveritywas 

64 calculatedusing (DI)0-4,where0=nodisease/healthy 

65 seedling,1=yellowleaves,2=yellowleavesandslightlywilted,3=severewilt,and4=deadseedling.Furthermore, 

66 plantresponsesweregroupedas,R=resistant(D.I.=0),MR=moderatelyresistant/tolerance(DI=<1),MS=moderately 

67 susceptible(DI=1.0-2.0),S=susceptible(DI=2.1-3.0)andHS=highlysusceptible(DI=3.1-4.0).Thedevelopmentof 

68 thediseasewasobservedfor121daysafterinoculation. 

 
69 Fusariumoxysporumpopulation 

70 ThepopulationofF.oxysporumintherootswascalculatedattheendoftheexperimentusingthemethodof(Muslim 

71 etal.2003b;Lietal.2008;Horinouchietal.2011)withmodificationstothesurfacesterilisationsterilizationofthe 

72 samples.Thentheplantsweregroupedaccordingtoseverity(diseasescore)andwashedseparatelyunderrunningwaterto 

73 removeanysoilresiduesadheringtotheroots.Afterthat,allplantsineachscoreweresurfacesterilisedusing1%sodium 
 

74 hypochloritefor15minutes,thenrinsedthreetimeswithdistilledwater.Thesamplesandwater(1:100w/v)were 

75 homogenisedusingablenderataspeedof8000rpmforten10minutes.Thentheywerefilteredusingtwolayersofsterile 

76 gauzeanddiluted10to1000times.Thesuspensionwasspreadon intriplicate(fivePetri 

77 dishesperreplication)andincubatedinthedarkforsevendaysatroomtemperature.Thenumberofcolony-formingunits 

78 (CFU)ofF.oxysporumwascalculatedonthebasisoffreshweightpergramofsamplepergrammeofsample'sfresh 

79 weightandrecordedbasedonthediseaseseverity. 

 

80 RESULTSANDDISCUSSION 
 

 

81 Pathogenicitytest 

82 ThreeisolatesofF.oxysporumweretestedonsixtypesofforestplantsandtheTheresultsshowedthatallthesix 
 

83 forestplantstestedhadasimilarreactiontothepathogen.Sevendaysafterinoculation,alltheplantsshowedtypical 

84 symptomsofF.oxysporuminfection,i.e.,yellowingoftheoldestleavesclosesttothestembase,whichgraduallyprogress 
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85 tothoseyoungerandtheshoots,severewilting,drying,andfallingofleaves,andlastlyeventuallyplantdie,death. 

86 Anothersymptomthatappearedwasthesuddenwiltinganddeathoftheplantwithoutthechangechangingoftheleaves' 

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

89  

90 
91 Figure2.DiseaseindexofAcaciacrassicarpa,(a)fromleft:healthyplantto100%wiltedleaves(score0−4);(b)initialsymptoms: 

92 yellowingfromoldestleaves;(c)advancedsymptoms:fallingleaves;(d)deadplant. 

93 

 

 

 

 

 

 

 

 

 

 
 

 

 

 
 

94 
95 
96 Figure3. Diseaseindex onFalcatariamoluccana(a)from left: healthy plantto 100%wiltedleaves(score0−4); (b) initialsymptoms: 

97 yellowingfromoldestleaves;(c)advancedsymptoms:curved,dry,andfallingleaves;(d)deadplant. 

98 
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Figure4.Diseaseindexon Archidendronpauciflorum,(a)fromleft:healthyplantto100%wiltedleaves(score0−4),(b)initialsymptoms:, 

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  
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Figure6.DiseasesindexonParkiaspeciosa, (a)fromleft:healthyplantto100%wiltedleaves(score0−4);(b)initialsymptoms:yellowing and dry from 

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



adnosample. 

Althoughthethreeisolateshaddifferenttef1- geneticsequencing,theyhadsimilarvirulencepatterns 
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Figure 7.DiseasesindexonAcaciaauriculiformis,(a)fromleft:healthyplantto100%wiltedleaves(score0−4);(bandc)advanced 
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127  

Diseaseseveritycausedbytheinoculated F.oxysporumisolateswassignificantlyhigherthanthecontrols. 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 

(scores i.e. 1.96, 1.68, and 1.80, respectively), and whereas A. auriculiformis had the 

lowest(0.36)diseaseseverityand(16%)incidence(16%and0.36)respectively)(Table1).Basedonthediseasescoreonplantresponse,th

esearethethreegroupsofresponsesbythehostsBasedonthediseasescore,hostplantswereclassifiedintothreegroups:i)highlysusceptibl

e(A.crassicarpaand F.moluccana),ii)moderatelysusceptible(A.pauciflorum P.speciosa, and L. leucocephala), and iii) moderate 

resistance/tolerance (A. auriculiformis) (Table 1). 

. 

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

beeninoculated with different isolates. 

 

Table1.PathogenicityanddiseaseseverityofFusariumoxysporumisolatedfromAcaciamangium 
128  

Isolatesa) 
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Plantspecies 
 

 

AF01b)Response c)BF05ResponseDF11Response 
 

Acaciacrassicarpa 4.00a HSc) 3.48 a HS 3.96a HS 

Falcatariamoluccana 3.44ab HS 3.04 a HS 2.80ab S 

Archidendronpauciflorum 1.96bc MS 1.88 b MS 1.40cd MS 

Leucaenaleucocephala 1.52c MS 1.56 b MS 1.68bc MS 

Parkiaspeciosa 1.80c MS 1.04 bc MS 2.16bc S 

Acaciaauriculiformis 0.36d MR 0.40 c MR 0.60d MR 

129 Valuesfollowedbythesameletterineachrowarenotsignificant. 

130 a DI0-4,where0=nodisease/healthyseedling,1=yellowleaves,2=yellowleavesandslightlywilted,3=severewilt, 

131 and4=deadseedling. 

132 b)F.oxysporumisolates. 
133 c) Hostresponseweregroupedas:R=resistant(D.I.=0);MR=moderatelyresistant/tolerance(D.I.=<1);MS=moderatelysusceptible 

134 (D.I.=1.0-2.0);S=susceptible(D.I.=2.1-3.0);HS=highlysusceptible(D.I.=3.1-4.0)(Bertettietal.,2018) 
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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 significantly 

higher population (82.00105.10 × 104 CFU g-1 fresh weight) than theother plants. The lowestpopulationwas recordedonin P. 

speciosa and A. pauciflorum (3.5712.27 × 104 CFU g-1 fresh weight). This same patternalso occurred in DI 2and 3, whileno 

samplewasrecordedin A.auriculiformis. In DI 1, thehighestpopulation wasdiscoveredrecordedin F.moluccanaand 

L.leucocephala,while A.crassicarpaand A.auriculiformish 
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142 Meanwhile,inInasymptomaticcontrolplants(DI=0),thepopulationwassignificantlyhigherinL.leucocephalaandA. 

143 auriculiformisandnosamplewasdiscoverednotedinA.crassicarpaandF.moluccana(Table2Table3). 

144 TheregressionanalysisresultsshowedthatallplantsexceptP.speciosahadalinearrelationshippatternbetweenthe 

145 increaseinthediseasescoreandthepopulation.ThepathogenicpopulationonA.crassicarpaandF.moluccanagrew 

146 rapidlyalongwiththeincreaseindiseasescores,asindicatedbythemagnitudeoftheregressiongradientcoefficient 

147 (m=20.321.3).However,themoderateincreasewasmoderateobservedinL.leucocephala(m=11,.2)(m=11.2)andvery 

148 slowinA.pauciflorum,P.speciose,andA.auriculiformis(m=2,.24,.8)(Figure.8). 

149 Table3showsshowedthatalthoughtheisolatesweredifferentintef1-α,butthepopulationandDIpatternswere 

150 similarforeachtestplant.Thecorrelationbetweenthepopulationofpathogens(g-1freshweight)andthelevelofDIare 

151 weredescribedasfollows:i)highpathogenpopulationswithhighDI(A.crassicarpaandF.moluccana),ii)moderate 

152 populationwithmoderateDI(L.leucocephala),iii)lowpopulationwithmoderateDI(A.pauciflorum),andiv)low 

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

auriculiformis).154 
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Figure8.RegressionanalysesanalysisofdiseasescorerateandF.oxysporumpopulation 
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160 Table2.Fusariumoxysporumpopulationsonrootineachdiseaseindex 

161   
PopulationofFusariumoxysporum(×104CFU/gfreshweight)a) 

 
 

AF01d) 

Plantspecies 
0b)1234 

Averagec) 

Acaciacrassicarpa n.s n.s n.s n.s 85.,13ae) 85.,13 

Falcatariamoluccana n.s 17.,77a 22.,77a 60.,98a 91.,87a 76.,50 
 

Archidendronpauciflorum 0,.45 b 1.,10b 3.,22b 8.,15b 12.,53cd 5.,06 

Leucaenaleucocephala 6.,17a 18.,10a 20.,93a n.s 51.,67b 22.,13 

Parkia speciosa 0.,32 b 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 

Parkia speciosa 0.,48c 0.,57b 1.,27c 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.,35c 0.,35b 3.,37c 4.,42c 6.,92e 2.,19 

Leucaenaleucocephala 5.,58a 11.,17a 16.,53b 36.,63b 54.,27b 19.,69 

Parkia speciosa 0.,25c 0.,48b 1.,58c 11.,97d 12.,27d 5.,79 

Acaciaauriculiformis 2.,83b n.s n.s n.s 21.,28c 5.,05 

162 n.s:Nosample,cfu:colony-formingunit 
163 a)F. oxysporum populationswerecalculatedattheendoftheexperiment (21daysafterinoculation). 

164 b)DI0-4;0=nodisease/healthyseedling;1=yellowleaves;2=yellowleavesandslightlywilted;3=severewilt;and4=dead seedling. 
165 c)AverageofF. oxysporumpopulation(cfu/gfreshweight) =(P0A+P1B+P2C+P3D+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 d)F.oxysporumisolates 
168 e)Valuesfollowed bythesameletterineachrowarenot significant. 
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Table3.Fusariumoxysporumpopulationaverageanddiseasesindexofplant 

 

Populationaverage(×104CFU/gfresh 

 

 

 
Diseaseindexb) 

Plantspecies  weight)a)  

AF01c)BF05DF11AF01BF05DF11 

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 

171 a)Average ofF. oxysporumpopulation(cfu/gfreshweight)= (P0A+P1B+P2C+P3D+P4E)/N;whereP0,P1,P2,P3,andP4=population 
172 ofpathogeninscore0,1,2,3,danand4respectively:A=numberofplantsonscore0;B=numberofplantsonscore1;C=numberof 

173 plantsonscore2;D=numberofplantsonscore3;E=numberofplantson score;N=totalnumberof plants. 

174 b)DI0-4;0=nodisease/healthyseedling;1=yellowleaves;2=yellowleavesandslightlywilted;3=severewilt;and4= 

175 deadseedling. 

176 c)F.oxysporumisolates. 
177  
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anextraordinaryincidenceofseedlingwiltdiseasecausedbythefungalpathogenF. 
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oxysporumattacking commercial nurseries of A. mangium . Therefore, the investigation of a new host of the pathogen is 

animportantstepintheplantprotectionstrategyforsoil-bornediseases.Hostrangetestsalsoprovideinformationonabouttheplant 

species that have the potential to become alternative hostsormain hosts for the pathogen. 

TheresultsindicatedthattheF.oxysporumpathogen,whichcausesvascularwiltintheA.mangiumnursery,canalsoinfectFabaceaefa

baceaeplantswithvarioushostresponses.,asconfirmedbytheKochPostulatetest.A.crassicarpaand 

F.moluccanashowedawerehighlysusceptiblereaction,while A.pauciflorum, L.leucocephala,and 

P.speciosaweremoderatelyvulnerable,and A. 

auriculiformiswasmoderatelyresistant.PathogeninfectioncausedwiltingsymptomsinalltestplantspecieswithbyDIof4.00.Although

theDIwaslower(0.36)forinA.auriculiformis,butitstillhadthepotentialtocausedamageplants.damageifF.oxysporummanagedableto

infectplantsevenwithalowDI,causingthedeathofcultivars.Moreover,whena 

plantisgrownonincontaminatedsoil,thereisahighexposureoccurs,whichleadstoriskofdamagetocrops.Asimilarincidentwasreporte

dby…….,inwhich F.oxysporumfromblackberryalsocausedsuddendeath in strawberries; therefore, it becomes a threat when 

planted on adjacent land. Another study alsodiscovered 

revealedthatF.oxysporumfromcactuscausesrootandstemrotineuphorbiaEuphorbiawhenplantedandcultivatedonthesame 

isreportedCorrectit 
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A.auriculiformis),whichmeanslowDIshouldbenotedalso. 

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. pauciflorum, P. speciose, and A. auriculiformis grew slowly.The relationshipbetween 

the pathogens (g-1 fresh weight) and the DI level is as follows: i) high pathogen populations and high DI (A.crassicarpaand 

F.moluccana),ii)moderatepopulationandmoderateDI (L.leucocephala),iii)lowpopulationwithmoderate DI (A. pauciflorum), and 

iv) low populationandlow DI(P. speciosaandA. auriculiformis). 

In this study, the population of F. oxysporum on highly susceptible plants (A. crassicarpa and F. moluccana) 

wassignificantlyhigherthanotherplantsforeachdiseasescore.Thispatternwascommonwherehighdiseasescoreswerealso 
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asmoderateinamoderatesusceptiblehost(L.leucocephala).ThesimilarresultwasalsoThisalso occurred in garlic with a disease 

severity of 44% due to Fusarium spp. infection, which showed afairly significantlyhighernumber of pathogens on the roots…. 

. 

A special pattern occurred on A. pauciflorumthat could have been caused by a moderate pathogen infection, but the 

pathogenpopulationwaslow.Thismightbeduetotheplant'sdefencemechanism.Severalstudiesonresistantcultivars 
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219 ThepathogeninfectionandtotalpopulationonParkiaspeciosaandA.auriculiformiswaslowerandthetotal 

220 populationwasalsolow.Thisindicatedthattheplanstbelongedtotheresistantplantgroup. 
 

reportedthatwhen 

221 resistantstrawberryplantswereinoculatedwithF.oxysporumf.sp.fragariae,thecultivarformedabarrierwith 

222 accumulatedphenoliccellsinthehypodermalla 

223 invasionofrootvasculartissue.IfThethetissu e 
 

224 pathogensdiddonotreachthevasculartissue. 

225 clonestoleranttoF.oxysporumf.sp.cubensecorrespondwiththis,withasignificantincreaseintheinductionofcell 

226 wall-associatedphenoliccompounds.Moreover,…….alsoreportedthatFusariumoxysporumf.sp.cicerisrace0 

227 remainedintheintercellularspaceoftherootcortexandfailedtoreachthexyleminresistantchickpeacultivars. 

228 Inthisstudy,A.crassicarpaandF.moluccanawereproventobeanalternativehostofF.oxysporum. 

229 Meanwhile,WhereasL.leucocephala,A.pauciflorum,P.speciosa,andA.auriculiformishadpotentialasalternativehosts. 

230 ManyplantsoftheFabaceaefabaceaefamilywerewasattackedbyformaespecialisF.oxysporum,suchas,Vigna 

231 angularis(F.oxysporumf.sp.adzukicola),Cicerarietinum,Cicerspp.(F.oxysporumf.sp.ciceris),Acaciaspp.(F. 

232 oxysporumf.sp.koae),Lensculinaris,L.esculenta(F.oxysporumf.sp.lentis),Medicagosativa(F.oxysporumf.sp. 

233 medicaginis),Phaseolusvulgaris,P.coccineus(F.oxysporumf.sp.phaseoli),Pisumsativum,Cicerarietinum(F. 

234  oxysporumf.sp.pisi),andothers .However,inthisstudy,F.oxysporumisolatedfromA.mangiumhasawidehost 

235 rangefromtheFabaceaefabaceaefamily;therefore,itisnotclassifiedasformaespecialis. 

236 Inconclusion,F.oxysporumisolatedfromA.mangiumcausesdiseaseinfectioninseveraltypesofforestandindustrial 
 

237 plants.Therefore,sinceSinceithasawidehostrange,itisnotclassifiedaspartoftheformaespecialisgroup. 
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Sincethisplantspeciesisknownforitsfastgrowthandhighadaptabilityt (MatsumuraandNaoto2011). 

(Ignjatovetal.2012;Koyyappurathetal.2016;Ranaetal.2017). 

Solehaetal.(2021) 
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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-)sequencesweretested 

9 forpathogenicityondifferentfabaceaefamilyplantsandthegrowthofpopulationwasalsoobserved.Theresultsshowedthatallthe 

10 threeisolateswereabletoinfectallthetestedplantswithdifferentreactionsofwiltdisease.TheAcaciacrassicarpaandFalcataria 

11 moluccanawerehighlysusceptible;Archidendronpauciflorum,Leucaenaleucocephala,andParkiaspeciosaweremoderately 

12 vulnerableandAcaciaauriculiformiswasmoderatelyresistant.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….)isaspeciesofplantthatoriginatedinseveralregionsofIndonesia,PapuaNewGuinea, 

20 andAustralia,andwhich,,hasalsobeenfoundforafewdecadesinthehumidtropicallowlandsofAsia,SouthAmerica, 

21 andAfrica(KoutikaandRichardson2019)(….).Itisplantedonalargescaleforindustrialpurposesandforestrestoration 

22 inthetropics o 

23 variousenvironmentalconditions 

24 land(KoutikaandRichardson2019). 

25 Fusariumoxysporumisanimportantpathogenicfungusthatcauseswiltdiseaseindifferentplantsallovertheworld. 

26 reportedthatitwasidentifiedasthecausativeagentofvascularwiltinseveralcommercial 

27 nurseriesofA.mangiuminSouthSumatra.Themainsourceoftransmissionisthroughinfectedseedlingsandsoil,which 

28 isrelativelydifficulttotreataftercontamination.Thefungussurvivesbyformingchlamydosporesthatallowittolivefora 

29 longtime,evenwithoutahostplant Furthermore,it 

30 attacksalmosteverytypeofplant,fromcultivatedtoforestandwild(e.g.weeds)(Joshi2018).Thisfungusisalsoableto 

31 attackvariousplanthabitssuchastrees(Zhangetal.2013),herbaceousplants(JacobsandHeerden2012),andvines 

32 (Rooney-LathamandBlomquist2011).SeveraltypesofforestplantsthathavereportedlybeenattackedbyF.oxysporum 

33 arePinusmassoniana 

34 2011),Acaciamangium(Widyastutietal.2013)andothers.(……). 

,Pseudotsugamenziesii 

35 SinceF.oxysporumhasahighlevelofhostspecificity,itisclassifiedasaformaespecies 

36 Tayloretal.2019) .......... Accordingto 

37 identifiedandarewidespreadintheworld. 

morethan100formaespeciesandraceshavebee 

38 BesidesA.mangium,whichisthemainplantofindustrialforestryinIndonesia,otherplants,suchasAcacia 

39 crassicarpa,Acaciaauriculiformis,Parkiaspeciosa,Archidendronpauciflorum,Falcatariamoluccana,andLeucaena 

40 leucocephalaarealsoimportantandhavehigheconomicvalue.Consideringthattheybelongtothesamefamily 

41 (Fabaceae),theycanbecomethemainoralternativehostsforF.oxysporum,causativeagentofwiltdisease.Thisstudy 

42 aimedtoinvestigatethehostrangeofF.oxysporumasanurserywiltpathogeninA.mangiumandseveralindustrialand 

43 localforestplantsinIndonesia. 

(Borgesetal.2018) Tectonagrandis (LuoandYu2020), 

itiswidelyusedforagroforestry,forestry,andrestorationofdegrade (Asifetal.2017), 
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44 MATERIALSANDMETHOD 

 
Fungalisolates45 

46 ThreepathogenicisolatesofF.oxysporum(AF01,BF05,andDF11),wereselected,whichweredifferentiated 

47 accordingtotheirtef1-sequence(,wereutilised;theywerechosenbecauseapreviousstudy(haddescribedthemasthe 

48 mostpathogenictoA.mangium(Figure1).IsolateswereculturedonPDBliquidmedium(potatodextrosebroth)and 

49 incubatedat26-28Conashaker(150rpm)foraboutfivedays.Thenthemyceliasuspensionwasfilteredusingtwo 

50 layersofsterilegauzetoseparatetheconidiaandhyphae.Theconidialconcentrationwasdeterminedusinga 

51 hemocytometer and then adjusted to a concentration of 106 ml-1 for pathogenicity test.52 

53  

54 
55 Figure1.F.oxysporumisolatesonPDAmedium.(a)AF01,(b)BF05,and(c)DF11.Firstline:Frontview;secondline:reverseview. 

 
Plantmaterial56 

57 Theplantsusedweremembersofthefabaceaefamily,namelyA.crassicarpa,A.auriculiformis,F.moluccana,A. 

58 pauciflorum,P.speciosa,andL.leucocephala,whichwereonemonthold.TheseedlingswereobtainedfromtheForest 

59 CropsResearchInstitute,SouthSumatra.Seedlingsweretransferredinamixedmediumwithcocopeat(1:1)usinga 

60 plasticpotof10cmdiameterand10cmheight,andthenplacedinashadehouse. 

 
61 Pathogenicitytest 

62 Apathogenicitytestwascarriedoutusingrootdipmethod,inwhichtherootswerewashedunderrunningwaterand 

63 thenimmersedin250mlofconidiasuspension(106conidiaml-1)for15minutes.Thecontrolplantswereimmersedin 

64 steriledistilledwater,andtheseedlingsweretransplantedintoplasticpotsandplacedunderahouseshade.Eachisolate 

65 wasinoculatedon25plantswithfivereplicates(fiveplantsper-replicate).Then,diseaseseveritywascalculatedusingthe 

66 methoddesignedby andmodifiedusingadiseaseindex(DI)0-4,where0=nodisease/healthy 

67 seedling,1=yellowleaves,2=yellowleavesandslightlywilted,3=severewilt,and4=deadseedling.Furthermore, 

68 plantresponsesweregroupedas,R=resistant(DI=0),MR=moderatelyresistant/tolerance(DI=<1),MS=moderately 

69 susceptible(DI=1.0-2.0),S=susceptible(DI=2.1-3.0)andHS=highlysusceptible(DI=3.1-4.0).Thedevelopmentof 

70 diseasewasobserved121daysafterinoculation. 

 
71 Fusariumoxysporumpopulation 

72 ThepopulationofF.oxysporumintherootswascalculatedattheendoftheexperimentusingthemethodof(Muslim 

73 etal.2003b;Lietal.2008;Horinouchietal.2011)withmodificationstothesurfacesterilizationofsamples.Thenthe 

74 plantsweregroupedaccordingtoseverity(diseasescore)andwashedseparatelyunderrunningwatertoremovesoil 

75 residues.Afterthat,allplantsineachscoreweresurfacesterilisedusing1%sodiumhypochloritefor15minutes,then 

76 rinsedthreetimeswithdistilledwater.Thesamplesandwater(1:100w/v)werehomogenisedusingblenderat8000rpm 

77 for10minutes.Thentheywerefilteredusingtwolayersofsterilegauzeanddiluted10to1000times.Thesuspensionwas 

78 spreadonPeptonePCNBagarmMedia(PPA/NashSnyderMedium)(LeslieandSummerrel,2006)intriplicate(fivePetri 

79 dishesperreplication)andincubatedindarkforsevendaysatroomtemperature.Thenumberofcolony-formingunits 

80 (CFU)ofF.oxysporumwascalculatedonthebasisoffreshweightpergramofsampleandgroupedaccordingtothe 
 

81 diseasesseveritylevel.recordedbasedonthediseaseseverity. 
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82 RESULTSANDDISCUSSIONN 

 
83 Pathogenicitytest 

84 Theresultsshowedthatallthesixforestplantstestedhadsimilarreactiontothepathogen.Sevendaysafter 

85 inoculation,alltheplantsshowedtypicalsymptomsofF.oxysporuminfection,i.e.yellowingofoldestleavesclosesttothe 

86 stembase,whichgraduallyprogresstoyoungershoots,severewilting,drying,fallingofleaves,andeventuallyplantdie. 

87 Anothersymptomthatappearedwassuddenwiltinganddeathofplantwithoutchangingtheleafcolour,whilecontrol 

88 plantsdidnotshowanysymptoms(Figure2,3,4,5,6&7). 

89  

90 
91 Figure2.DiseaseindexofAcaciacrassicarpa(a)fromleft:healthyplantto100%wiltedleaves(score0−4);(b)initialsymptoms: 

92 yellowingfromoldestleaves;(c)advancedsymptoms:fallingleaves;(d)deadplant. 

93 

 

 

 

 

 

 
 

 

 

 

 

 

 

 
 

94 
95 
96 Figure3. Diseaseindex onFalcatariamoluccana(a)from left: healthy plantto 100%wiltedleaves(score0−4); (b) initialsymptoms: 

97 yellowingfromoldestleaves;(c)advancedsymptoms:curved,dry,andfallingleaves;(d)deadplant. 

98 
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102 

 
Figure4.Diseaseindexon Archidendronpauciflorum(a)fromleft:healthyplantto100%wiltedleaves(score0−4),(b)initialsymptoms: yellowing and 

dry from oldest leaves, (c) advanced symptoms: falling leaves, (d) dead plant. 
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104 
105 

106 

 
Figure5.Disease index on Leucaena leucocephala(a) from left: healthy plant to 100% wilted leaves (score 0−4); (b) initial symptoms:yellowing 

from oldest leaves; (c) advanced symptoms: curved leaves; (d) yellowing upward. 
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110 

 

 
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. 
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Figure7.DiseaseindexonAcaciaauriculiformis,(a)fromleft:healthyplantto100% wiltedleavesanddeadplant(score0and −4));(band c) 

advanced symptoms: …….... 

 

Diseaseseveritywassignificantlyhigherthancontrols. A.crassicarpaand 

F.moluccanaweremostseverelyaffectedwithanaveragescoreof4.00and3.44,respectivelyandtheincidenceofwiltingwas100%.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)(Table1).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. 

 
126  

Isolatesa) 
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Plantspecies 
 

 

AF01b)Response c)BF05ResponseDF11Response 
 

Acaciacrassicarpa 4.00a HSc) 3.48 a HS 3.96a HS 

Falcatariamoluccana 3.44ab HS 3.04 a HS 2.80ab S 

Archidendronpauciflorum 1.96bc MS 1.88 b MS 1.40cd MS 

Leucaenaleucocephala 1.52c MS 1.56 b MS 1.68bc MS 

Parkiaspeciosa 1.80c MS 1.04 bc MS 2.16bc S 

Acaciaauriculiformis 0.36d MR 0.40 c MR 0.60d MR 

127 Valuesfollowedbythesameletterineachrowarenotsignificant. 

128 a DI0-4,where0=nodisease/healthyseedling,1=yellowleaves,2=yellowleavesandslightlywilted,3=severewilt, 

129 and4=deadseedling. 

Table1.PathogenicityanddiseaseseverityandhostresponsestoofFusariumoxysporumisolatedfromAcaciamangium 



InDI1,thehighestpopulationwasrecordedinF.moluccanaandL. 

 

 

 

 

 

 

 

 

130 b)F.oxysporumisolates. 
131 c)Hostresponsewere groupedas:R= resistant(DI=0);MR=moderatelyresistant/tolerance(DI=<1);MS=moderatelysusceptible 
132 (DI=1.0-2.0);S=susceptible(DI=2.1-3.0);HS=highlysusceptible(DI=3.1-4.0)(Bertettietal.2018) 
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Fusariumoxysporumpopulation 

Thetotalpopulationof F.oxysporumontherootswasdeterminedbycalculatingtheCFUforeachcategoryofdamage. The results 

showed that at a score of 4, A. crassicarpa and F. moluccana showed a significantly higher population(82.00105.10 × 104 

CFU g-1 fresh weight) thanother plants. The lowest population was recorded in P. speciosa and A.pauciflorum (3.5712.27 × 

104 CFU g-1 fresh weight). This same pattern also occurred in DI 2 and 3, while no sample wasrecordedin 

A.AuriculiformisforDI2and3. 

 
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=20.321.3).However,moderateincreasewasobservedin L.leucocephala(m=11.2)(m=11.2)andveryslowin 

A.pauciflorum, P.speciose, and A. auriculiformis (m=2.24.8) (Figure 8). 

Table3showedthatisolatesweredifferentin tef1-

α,butthepopulationandDIpatternsweresimilarforeachtestplant.Thecorrelationbetweenthepopulationofpathogen(g-

1freshweight)andthelevelofDIweredescribedasfollows: 

i)highpathogenpopulationswithhighDI(A.crassicarpaand F.moluccana),ii)moderatepopulationwithmoderateDI(L. 

leucocephala), iii) low population with moderate DI (A. pauciflorum), andiv) low populationwithlow DI (P. speciosaand A. 

auriculiformis). 
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Incontrolplants(DI=0),thepopulation leucocephala,whileA.crassicarpaandA.auriculiformishadnosampleforDI1. 
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Figure8.RegressionanalysisofdiseasescorerateandF.oxysporumpopulation 



 

 
 

 
 
 
 

161 Table 2.Fusarium oxysporum population onrootineachdiseaseindex 
162   

PopulationofFusariumoxysporum(×104CFU/gfreshweight)a) 
Plantspecies 

0b)1234 
Averagec) 

AF01d)  

Acaciacrassicarpa n.s n.s n.s n.s 85.13ae) 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 

Parkia speciosa 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 

Parkia speciosa 0.48c 0.57b 1.27c 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 0.35c 0.35b 3.37c 4.42c 6.92e 2.19 

Leucaenaleucocephala 5.58a 11.17a 16.53b 36.63b 54.27b 19.69 

Parkia speciosa 0.25c 0.48b 1.58c 11.97d 12.27d 5.79 

Acaciaauriculiformis 2.83b n.s n.s n.s 21.28c 5.05 

163 n.s:No sample,cfu:colonyformingunit 
164 a)F. oxysporum populationscalculatedattheend oftheexperiment(21 daysafterinoculation). 

165 b)DI0-4;0=nodisease/healthyseedling;1=yellowleaves;2=yellowleavesandslightlywilted;3=severewilt;and4=dead seedling. 
166 c)AverageofF.oxysporumpopulation(cfu/gfreshweight)=(P0A+P1B+P2C+P3D+P4E)/N;whereP0,P1,P2,P3,andP4=populationofpathogeninscore0,1,2,3,and4:A=numberofplantsonscore 
167 0;B=numberofplants onscore1; C=numberofplantsonscore2;D=number ofplantsonscore3;E=numberof plants on score4; N= totalnumberofplants. 
168 d)F.oxysporumisolates 
169 e)Valuesfollowed bythesameletterineachrowarenot significant. 



 

 

 

 

 

 

 

 

170 Table3.Fusariumoxysporumpopulationaverageanddiseasesindexofplant 

171   
Populationaverage(×104CFU/gfresh Diseaseindexb) 

Plantspecies  weight)a)  

AF01c)BF05DF11AF01BF05DF11 

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 

172 a)Average ofF. oxysporumpopulation(cfu/gfreshweight)= (P0A+P1B+P2C+P3D+P4E)/N;whereP0,P1,P2,P3,andP4=population 
173 ofpathogenin score0,1,2,3,and4: A=numberofplantsonscore0;B=numberofplantsonscore1;C=numberofplantson score 

174 2;D=numberofplantsonscore3;E=numberofplantsonscore;N=totalnumberofplants. 

175 b)DI0-4;0=nodisease/healthyseedling;1=yellowleaves;2=yellowleavesandslightlywilted;3=severewilt;and4= 

176 deadseedling. 

177 c)F.oxysporumisolates. 

178  

 
Discussion179 

180 ArecentstudyreportedanextraordinaryincidenceofseedlingwiltdiseasecausedbyfungalpathogenF.oxysporum 

181 attackingcommercialnurseriesofA.mMangiuminSouthSumatra(Solehaetal.2021).Therefore,theinvestigationofa 

182 newhostofthepathogenisanimportantstepintheplantprotectionstrategyforsoil-bornediseases.Hostrangetestsalso 

183 provideinformationaboutplantspeciesthathavethepotentialtobecomealternativehostsormainhostsforthepathogen 

184 (Sampaioetal.2021). 

185 TheresultsindicatedthatF.oxysporum,whichcausesvascularwiltinA.mangiumnursery,canalsoinfectfabaceae 

186 plantswithvarioushostresponses..A.crassicarpaandF.moluccanawerehighlysusceptible,whileA.pauciflorum,L. 

187 leucocephala,andP.speciosaweremoderatelyvulnerable,andA.auriculiformiswasmoderatelyresistant.Pathogen 

188 causedwiltingsymptomsinalltestplantspecieswithDIof4.00.AlthoughDIwaslower(0.36)inA.auriculiformis,butit 

189 hadthepotentialtodamageplants.F.oxysporumabletoinfectplantsevenwithalowDI,causingthedeathofcultivars. 

190 Moreover,whenaplantisgrownincontaminatedsoil,thereisahighriskofdamagetocrops.Asimilarincidentwas 

191 reportedbyPastranaetal.(2017)…….,inwhichF.oxysporumfromblackberryalsocausedsuddendeathin 

192 strawberries.;therefore,itbecomesathreatwhenplantedonadjacentland. 

193 fromcactuscausesrootandstemrotalsocausesdiseasesoninEuphorbia(Bertettietal.2017).whencultivatedonthe 

194 sameland……. 

195 Theresultsrevealedthatseveraltypesofplantsbelongingtothefabaceaefamilyhadgreatpotentialtobecomean 

196 alternativehostsandevenmainhostforF.oxysporumwhenplantedinthesamefield.Widespreadofthispathogenmay 

197 allowinteractionwithnewplants(Edel-HermannandLecomte2019;Sampaioetal.2021).Moreover,theplantingofnew 

198 speciesaffectedtheoccurrenceofnewoutbreaksbecausethepathogenicstrainsadaptedtothesoilandhadbecame 

199  virulent Furthermore,nurseryactivitiesthatusecontaminated 

200  
201  

202  
203  

204  
205  

206  

207  
208  
209  

210  
211  
212  

213  

214  

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 significantly 

higherthanotherplantsforeachdiseasescore.Thispatternwascommonwherethepopulationofthepathogenwasalsohigherwiththe 

disease scores Scott et al. (2014)This pattern was common where high disease scores were also found in the 

highpopulationreportedthatsusceptiblelettucecultivarsshowedhigh Fusariumpopulationlevelandvulnerableblack 

beangenotypeshowedapopulationlevelof15.4×105CFUg1(deBorbaetal.2017)(.InTthesecondpatternwasobserved on L. 

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

diseasesscore.susceptiblehost(L.leucocephala).Thesimilarresultwasalsooccurredingarlicwithadiseaseseverityof44%dueto 

Fusariumspp.infection,whichshowedasignificantlymoderatehighernumberofpathogensonroots(Molinero-Ruizetal. 2011).…. . 

A special pattern occurred on A. pauciflorum that could have been that F. oxysporum caused bya 

moderatepathogeninfection,butthepathogenpopulationwaslow.Thismightbeduetotheplantdefencemechanism.Scottetal.(2014)…

… 

…rreportedthatresistantpepperplantsalsosupportpathogendevelopmentinroots,evenwithoutexternalsymptoms. 
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215  Similarphenomenawasreportedby …….whonotedthatsometomatoplantsareinfected 

216 moderately(score1-2)byF.oxysporumf.sp.lycopersici,butthepopulationwaslowerthanotherplantsinsamescore. 

217 TheinfectionandtotalpopulationonParkiaspeciosaandA.auriculiformiswaslower.Thisindicatedthatplanst 

218  belongedtotheresistantplantgroup. …….reportedthatwhenresistantstrawberryplantswere 

219 inoculatedwithF.oxysporumf.sp.fragariae,thecultivarformedabarrierwithaccumulatedphenoliccellsinthe 
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hypodermallayerthateffectivelylimits thepathogencolonisationandpreventtheinvasionof root vasculartissue. If 

thetissuepenetrationbyhyphaewaslimitedtotheepidermisepidermis,thenthepathogensdonotreachthevasculartissue.VanDenBerge

tal.(2007)……reportedthatbananaclonestolerantto F.oxysporumf.sp. 

cubensecorrespondwiththis,withasignificantincreaseintheinductionofcellwall-associatedphenoliccompounds.Jiménez-

Fernándezetal.(2013) 

…….alsoreportedthat Fusariumoxysporumf.sp. cicerisrace0remainedintheintercellularspaceofrootcortexandfailed to reach 

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, 

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.mangiumcausesinfectioninseveraltypesofforestandindustrialplants. 

Sinceithasawidehostrange,itisnotclassifiedaspartoftheformaespecialisgroup. 
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andA.auriculiformis.While,A.crassicarpaandF.moluccanadidnotproduceDI0(Itismeanthatthere 

 

13/01/2215.50 SriwijayaUniversityMail-[biodiv]EditorDecision 

wasnosampleforA.crassicarpaandF.moluccana), because all plants showed symptoms (Table 2). W have 

change “control plants” to be “inoculated plants” 
 

3. Reviewer’scomment:readpaperverycarefully. 
Our response:We have read our paper carefully and we changed all the words/sentences as reviewer’ 
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 
Jl.Palembang-PrabumulihKm.32,Indralaya,Palembang,Indonesia E-

mail: a_muslim@unsri.ac.id 

 
[Quotedtexthidden] 

 

Manuscript_Soleha_Rev2.doc 

1551K 

mailto:a_muslim@unsri.ac.id


Sincethisplantspeciesisknownforitsfastgrowthandhighadaptabilityt (MatsumuraandNaoto2011). 

(Ignjatovetal.2012;Koyyappurathetal.2016;Ranaetal.2017). 

Solehaetal.(2021) 

Review2 
 

 

 

 

 

 

 

 

 

 

1 HostrangestudiesofFusariumoxysporum, causalagent of seedlingwilt 

2 diseaseofAcaciamangium 
3 

 
 

4 

 
 

5 
6 Abstract.FusariumoxysporumisaseriouspathogenthatcausesseverewiltdiseaseincommercialnurseriesofAcaciamangiumin 

7 SouthSumatra.ThisstudyaimedtoinvestigatethehostrangeofF.oxysporumasanurserywiltpathogeninA.mangiumandseveral 

8 forestandindustrialplants.ThreeisolatesofF.oxysporumwithdifferenttranslationelongationfactor(tef1-)sequencesweretested 

9 forpathogenicityondifferentfabaceaefamilyplantsandthegrowthofpopulationwasalsoobserved.Theresultsshowedthatallthe 

10 threeisolateswereabletoinfectallthetestedplantswithdifferentreactionsofwiltdisease.TheAcaciacrassicarpaandFalcataria 

11 moluccanawerehighlysusceptible;Archidendronpauciflorum,Leucaenaleucocephala,andParkiaspeciosaweremoderately 

12 vulnerableandAcaciaauriculiformiswasmoderatelyresistant.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….)isaspeciesofplantthatoriginatedinseveralregionsofIndonesia,PapuaNewGuinea, 

20 andAustralia,andwhich,,hasalsobeenfoundforafewdecadesinthehumidtropicallowlandsofAsia,SouthAmerica, 

21 andAfrica(KoutikaandRichardson2019)(….).Itisplantedonalargescaleforindustrialpurposesandforestrestoration 

22 inthetropics o 

23 variousenvironmentalconditions 

24 land(KoutikaandRichardson2019). 

25 Fusariumoxysporumisanimportantpathogenicfungusthatcauseswiltdiseaseindifferentplantsallovertheworld. 

26 reportedthatitwasidentifiedasthecausativeagentofvascularwiltinseveralcommercial 

27 nurseriesofA.mangiuminSouthSumatra.Themainsourceoftransmissionisthroughinfectedseedlingsandsoil,which 

28 isrelativelydifficulttotreataftercontamination.Thefungussurvivesbyformingchlamydosporesthatallowittolivefora 

29 longtime,evenwithoutahostplant Furthermore,it 

30 attacksalmosteverytypeofplant,fromcultivatedtoforestandwild(e.g.weeds)(Joshi2018).Thisfungusisalsoableto 

31 attackvariousplanthabitssuchastrees(Zhangetal.2013),herbaceousplants(JacobsandHeerden2012),andvines 

32 (Rooney-LathamandBlomquist2011).SeveraltypesofforestplantsthathavereportedlybeenattackedbyF.oxysporum 

33 arePinusmassoniana 

34 2011),Acaciamangium(Widyastutietal.2013)andothers.(……). 

,Pseudotsugamenziesii 

35 SinceF.oxysporumhasahighlevelofhostspecificity,itisclassifiedasaformaespecies 

36 Tayloretal.2019) .......... Accordingto 

37 identifiedandarewidespreadintheworld. 

morethan100formaespeciesandraceshavebee 

38 BesidesA.mangium,whichisthemainplantofindustrialforestryinIndonesia,otherplants,suchasAcacia 

39 crassicarpa,Acaciaauriculiformis,Parkiaspeciosa,Archidendronpauciflorum,Falcatariamoluccana,andLeucaena 

40 leucocephalaarealsoimportantandhavehigheconomicvalue.Consideringthattheybelongtothesamefamily 

41 (Fabaceae),theycanbecomethemainoralternativehostsforF.oxysporum,causativeagentofwiltdisease.Thisstudy 

42 aimedtoinvestigatethehostrangeofF.oxysporumasanurserywiltpathogeninA.mangiumandseveralindustrialand 

43 localforestplantsinIndonesia. 

(Borgesetal.2018) Tectonagrandis (LuoandYu2020), 

itiswidelyusedforagroforestry,forestry,andrestorationofdegrade (Asifetal.2017), 
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44 MATERIALSANDMETHOD 

 
Fungalisolates45 

46 ThreepathogenicisolatesofF.oxysporum(AF01,BF05,andDF11),wereselected,whichweredifferentiated 

47 accordingtotheirtef1-sequence(,wereutilised;theywerechosenbecauseapreviousstudy(haddescribedthemasthe 

48 mostpathogenictoA.mangium(Figure1).IsolateswereculturedonPDBliquidmedium(potatodextrosebroth)and 

49 incubatedat26-28Conashaker(150rpm)foraboutfivedays.Thenthemyceliasuspensionwasfilteredusingtwo 

50 layersofsterilegauzetoseparatetheconidiaandhyphae.Theconidialconcentrationwasdeterminedusinga 

51 hemocytometer and then adjusted to a concentration of 106 ml-1 for pathogenicity test.52 

53  

54 
55 Figure1.F.oxysporumisolatesonPDAmedium.(a)AF01,(b)BF05, and(c)DF11.Firstline:Frontfrontview;secondline:reverse 

56 view. 

 
Plantmaterial57 

58 Theplantsusedweremembersofthefabaceaefamily,namelyA.crassicarpa,A.auriculiformis,F.moluccana,A. 

59 pauciflorum,P.speciosa,andL.leucocephala,whichwereonemonthold.TheseedlingswereobtainedfromtheForest 

60 CropsResearchInstitute,SouthSumatra.Seedlingsweretransferredinamixedmediumwithcocopeat(1:1)usinga 

61 plasticpotof10cmdiameterand10cmheight,andthenplacedinashadehouse. 

 
62 Pathogenicitytest 

63 Apathogenicitytestwascarriedoutusingrootdipmethod,inwhichtherootswerewashedunderrunningwaterand 

64 thenimmersedin250mlofconidiasuspension(106conidiaml-1)for15minutes.Thecontrolplantswereimmersedin 

65 steriledistilledwater,andtheseedlingsweretransplantedintoplasticpotsandplacedunderahouseshade.Eachisolate 

66 wasinoculatedon25plantswithfivereplicates(fiveplantsper-replicate).Then,diseaseseveritywascalculatedusingthe 

67 methoddesignedbyofMuslimetal.(2003a)andmodifiedusingathediseaseindex(DI)wasclassifiedintofollowing 

68 grades(DI)0-4,where0=nodisease/healthyseedling,1=yellowleaves,2=yellowleavesandslightlywilted,3=severe 

69 wilt,and4=deadseedling(ref).Furthermore,plantresponsesweregroupedas,R=resistant(DI=0),MR=moderately 

70 resistant/tolerance(DI=<1),MS=moderatelysusceptible(DI=1.0-2.0),S=susceptible(DI=2.1-3.0)andHS=highly 

71 susceptible(DI=3.1-4.0).Thedevelopmentofdiseasewasobserved121daysafterinoculation. 

 
72 Fusariumoxysporumpopulation 

73 ThepopulationofF.oxysporumintherootswascalculatedattheendoftheexperimentusingthemethodof(Muslim 

74 etal.2003b;Lietal.2008;Horinouchietal.2011)withmodificationstothesurfacesterilizationofsamples.Thenthe 

75 plantsweregroupedaccordingtoseverity(diseasescore)andwashedseparatelyunderrunningwatertoremovesoil 

76 residues.Afterthat,allplantsineachscoreweresurfacesterilisedusing1%sodiumhypochloritefor15minutes,then 

77 rinsedthreetimeswithdistilledwater.Thesamplesandwater(1:100w/v)werehomogenisedusingblenderat8000rpm 

78 for10minutes.Thentheywerefilteredusingtwolayersofsterilegauzeanddiluted10to1000times.Thesuspensionwas 

79 spreadonPeptonePCNBagarmMedia(PPA/NashSnyderMedium)(LeslieandSummerrel,2006)intriplicate(fivePetri 

80 dishesperreplication)andincubatedindarkforsevendaysatroomtemperature.Thenumberofcolony-formingunits 

81 (CFU)ofF.oxysporumwascalculatedonthebasisoffreshweightpergramofsampleandgroupedaccordingtothelevel 
 

82 ofdiseasesseveritylevel.recordedbasedonthediseaseseverity. Formatted:Highlight 

Formatted:Highlight 

Formatted:Highlight 

Commented[AKG1]:Ifyouhavefollowedanyreferencefordisease 

index please mention the author name. 

Formatted:Highlight 



 

 

 

 

 

 

 

 

83 RESULTSANDDISCUSSIONN 

 
84 Pathogenicitytest 

85 Theresultsshowedthatallthesixforestplantstestedhadsimilarreactiontothepathogen.Sevendaysafter 

86 inoculation,alltheplantsshowedtypicalsymptomsofF.oxysporuminfection,i.e.yellowingofoldestleavesclosesttothe 

87 stembase,whichgraduallyprogresstoyoungershoots,severewilting,drying,fallingofleaves,andeventuallyplantdie. 

88 Anothersymptomthatappearedwassuddenwiltinganddeathofplantwithoutchangingtheleafcolour,whilecontrol 

89 plantsdidnotshowanysymptoms(Figure2,3,4,5,6&7). 

90  

91 
92 Figure2.DiseaseindexofAcaciacrassicarpa,(a)fromleft:healthyplantto100%wiltedleaves(score0−4);(b)initialsymptoms: 

 

93 yellowingfromoldestleaves;(c)advancedsymptoms:fallingleaves;(d)deadplant. 

94 

 

 

 

 

 

 
 

 

 

 

 

 

 

 
 

95 
96 
97 Figure3. Diseaseindex onFalcatariamoluccana,(a)fromleft:healthy plant to100% wiltedleaves (score0−4); (b) initialsymptoms: 

 

98 yellowingfromoldestleaves;(c)advancedsymptoms:curved,dry,andfallingleaves;(d)deadplant. 

99 
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101 
102 
103 

 
Figure4.Diseaseindexon Archidendronpauciflorum,(a)fromleft:healthyplantto100%wiltedleaves(score0−4),(b)initialsymptoms: yellowing and 

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

 

 

 

 
 

 

 

 

 

 

 
104 
105 
106 

107 

 
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. 
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111 

 

 
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. 
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127 

 
Figure 7.Disease index onAcacia auriculiformis,(a) from left: healthy plant to 100% wilted leaves and dead plant (score 0 -4) and−-4)); 

(b and c) advanced symptoms: …….... 

 

Diseaseseveritywassignificantlyhigherthancontrols. A.crassicarpaand 

F.moluccanaweremostseverelyaffectedwithanaveragescoreof4.00and3.44,respectivelyandtheincidenceofwiltingwas100%.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)(Table1).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. 

Table1.PathogenicityanddiseaseDiseaseseverityandhostresponsestoofFusariumoxysporumisolatedfrom Acaciamangium 

128  

Isolatesa) 
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129 

Acaciacrassicarpa 4.00a HSc) 3.48a HS 3.96a

 HSFalcatariamoluccana 3.44ab HS 3.04a HS

 2.80ab SArchidendronpauciflorum 1.96bc MS

 1.88b MS 1.40cd MSLeucaenaleucocephala

 1.52c MS 1.56b MS 1.68bc

 MSParkiaspeciosa 1.80c MS 1.04bc MS

 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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(Table2Table3). 

(DI=0),thepopulationwassignificantlyhigherinL.leucocephalaandA.auriculiformisandnosamplewasnotedinA. 

hadnosample 

InDI1,thehighestpopulationwasrecordedinF.moluccanaandL. 

was nosample 

 

 

 

 

 

 

 

 

130 a DI0-4,where0=nodisease/healthyseedling,1=yellowleaves,2=yellowleavesandslightlywilted,3=severewilt, 

131 and4=deadseedling. 

132 b)F.oxysporumisolates. 
133 c)Hostresponseweregrouped as:R= resistant(DI = 0);MR=moderatelyresistant/tolerance(DI =<1);MS=moderatelysusceptible 
134 (DI=1.0-2.0);S=susceptible(DI=2.1-3.0);HS=highlysusceptible(DI=3.1-4.0)(Bertettietal.2018) 
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Fusariumoxysporumpopulation 

Thetotalpopulationof F.oxysporumontherootswasdeterminedbycalculatingtheCFUforeachcategoryofdamage. The results 

showed that at a score of 4, A. crassicarpa and F. moluccana showed a significantly higher population(82.00105.10 × 104 

CFU g-1 fresh weight) thanother plants. The lowest population was recorded in P. speciosa and A.pauciflorum 

(3.5712.27×104CFUg-1freshweight).Thissame patternalsooccurredin DI2and3,while 

recordedin A. AuriculiformisforDI 

2and3.leucocephala,whileA.crassicarpaandA.auriculiformis 

 
crassicarpaandF.moluccanaforDI0 

Theregressionanalysisresultsshowedthatallplantsexcept 

P.speciosahadalinearrelationshippatternbetweentheincreaseindiseasescoreandpopulation.Thepathogenicpopulationon 

A.crassicarpaand F.moluccanagrewrapidlyalong with theincrease in disease scores, as indicated by the magnitude ofregression 

gradient coefficient (m=20.321.3).However,moderateincreasewasobservedin L.leucocephala(m=11.2)(m=11.2)andveryslowin 

A.pauciflorum, P.speciose, and A. auriculiformis (m=2.24.8) (Figure 8). 

Table3showedthatisolatesweredifferentin tef1-

α,butthepopulationandDIpatternsweresimilarforeachtestplant.Thecorrelationbetweenthepopulationofpathogen(g-

1freshweight)andthelevelofDIweredescribedasfollows: 

i)highpathogenpopulationswithhighDI(A.crassicarpaand F.moluccana),ii)moderatepopulationwithmoderateDI(L. 

leucocephala), iii) low population with moderate DI (A. pauciflorum), andiv) low populationwithlow DI (P. speciosaand A. 

auriculiformis). 
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Incontrolplants(DI=0)controlplants forDI1. 
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Figure8.RegressionanalysisofdiseasescorerateandF.oxysporumpopulation 



 

 
 

 
 
 
 

163 Table 2.Fusarium oxysporum population onrootineachdiseaseindex 
164   

PopulationofFusariumoxysporum(×104CFU/gfreshweight)a) 
Plantspecies 

0b)1234 
Averagec) 

AF01d)  

Acaciacrassicarpa n.s n.s n.s n.s 85.13ae) 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 

Parkia speciosa 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 

Parkia speciosa 0.48c 0.57b 1.27c 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 0.35c 0.35b 3.37c 4.42c 6.92e 2.19 

Leucaenaleucocephala 5.58a 11.17a 16.53b 36.63b 54.27b 19.69 

Parkia speciosa 0.25c 0.48b 1.58c 11.97d 12.27d 5.79 

Acaciaauriculiformis 2.83b n.s n.s n.s 21.28c 5.05 

165 n.s:No sample,cfu:colonyformingunit 
166 a)F. oxysporum populationscalculatedat theendoftheexperiment (21daysafterinoculation). 

167 b)DI0-4;0=nodisease/healthyseedling;1=yellowleaves;2=yellowleavesandslightlywilted;3=severewilt;and4=dead seedling. 
168 c)AverageofF.oxysporumpopulation(cfu/gfreshweight)=(P0A+P1B+P2C+P3D+P4E)/N;whereP0,P1,P2,P3,andP4=populationofpathogeninscore0,1,2,3,and4:A=numberofplantsonscore 
169 0;B=numberofplants onscore1; C=numberofplantsonscore2;D=number ofplantsonscore3;E=numberof plants on score4; N= totalnumberofplants. 
170 d)F.oxysporumisolates 
171 e)Valuesfollowed bythesameletterineachrowarenot significant. 



 

 

 

 

 

 

 

 

172 Table3.Fusariumoxysporumpopulationaverageanddiseasesindexofplant 

173   
Populationaverage(×104CFU/gfresh Diseaseindexb) 

Plantspecies  weight)a)  

AF01c)BF05DF11AF01BF05DF11 

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 

174 a)Average ofF. oxysporumpopulation(cfu/gfreshweight)= (P0A+P1B+P2C+P3D+P4E)/N;whereP0,P1,P2,P3,andP4=population 
175 ofpathogenin score0,1,2,3,and4: A=numberofplantsonscore0;B=numberofplantsonscore1;C=numberofplantson score 

176 2;D=numberofplantsonscore3;E=numberofplantsonscore;N=totalnumberofplants. 

177 b)DI0-4;0=nodisease/healthyseedling;1=yellowleaves;2=yellowleavesandslightlywilted;3=severewilt;and4= 

178 deadseedling. 

179 c)F.oxysporumisolates. 
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Discussion181 

A recent study reported an extraordinary incidence of seedling wilt disease caused by fungal pathogen F. 

oxysporumattackingcommercialnurseriesof A.mMangiuminSouthSumatra(Solehaetal.2021).Therefore,theinvestigationofanew 

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 al. 

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.oxysporumabletoinfectplantsevenwithalowDI,causingthedeathofcultivars.Moreover,whenaplantisgrownincontaminatedsoil,t

hereisahighriskofdamagetocrops.AsimilarincidentwasreportedbyPastranaetal.(2017)…….,inwhich 

F.oxysporumfromblackberryalsocausedsuddendeathinstrawberries.;therefore,itbecomesathreatwhenplantedonadjacentland.Ano

therstudyalsorevealedthatF.oxysporum 

whencultivatedonthe 

sameland……. 

The results revealed that several types of plants belonging to the fabaceae family had great potential to become 

analternative hosts andeven main host for F. oxysporum whenplantedin the same field. Widespread of this pathogenmayallow 

interaction with new plants (Edel-Hermann and Lecomte 2019; Sampaio et al. 2021). Moreover, the planting of 

newspeciesaffectedtheoccurrenceofnewoutbreaksbecausethepathogenicstrainsadaptedtothesoilandhadbecame 
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201 virulent Furthermore,nurseryactivitiesthatusecontaminated Formatted:Highlight 
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204 

205 
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209 

210 

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 significantly 

higherthanotherplantsforeachdiseasescore.Thispatternwasiscommonwherethepopulationofthepathogenwasisalsohigherwith the 

disease scores (Scott et al. (2014).This pattern was common where high disease scores were also found in the 

highpopulationdeBorbaetal.(2017)reportedthatsusceptiblelettucecultivarsshowedhighFusariumpopulationlevel 

and vulnerable black bean genotype showed a population level of 15.4 × 105 CFU g1(de Borba et al. 2017). (. In Tthe 

ThesecondpatternwasobservedonL.leucocephala,wherethepopulationofpathogenwasalsomoderatewithinamoderate 
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211 amoderatediseasesscore.susceptiblehost(L.leucocephala). e Formatted:Highlight 
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severityof44%dueto Fusariumspp.infection,whichshowedasignificantlymoderatehighernumberofpathogensonroots (Molinero-

Ruiz et al. 2011).…. . 

e 
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215 pathogeninfection,butthepathogenpopulationwaslow.Thismightbeduetotheplantdefencemechanism. l. 
Formatted:Highlight 

216 (2014)………rreportedthatresistantpepperplantsalsosupportpathogendevelopmentinroots,evenwithoutexternal 

217 
 

symptoms.Similarphenomenawasreportedby …….whonotedthatsometomatoplantsare Formatted:Highlight 

218 

219 

220 

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

TheinfectionandtotalpopulationonParkiaspeciosaandA.auriculiformiswaslower.Thisindicatedthatplanst 

Formatted:Highlight 

221 plantsbelongedtotheresistantplantgroup. …….reportedthatwhenresistantstrawberryplantswere Formatted:Highlight 

Scotteta 

AspecialpatternoccurredonA.pauciflorumthatcouldhavebeenthatinwhichF.oxysporumcausedbyamoderat 

Thesimilarresultwasalsooccurredingarlicwithadiseas 

fromcactuscausesrootandstemrotalsocausesdiseasesonininEuphorbia(Bertettietal.2017). 

Fangetal.(2012) 

Muslimetal.(2003a) 

(Sampaioetal.2021;StukenbrockandMcDonald2008). 
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inoculatedwith F.oxysporumf.sp. 

fragariae,thecultivarformedabarrierwithaccumulatedphenoliccellsinthehypodermallayerthateffectivelylimitsthepathogencolonis

ationandpreventtheinvasionofrootvasculartissue.Ifthetissuepenetrationbyhyphae 

waslimitedtotheepidermisepidermis,thenthepathogensdonotreachthevasculartissue.VanDenBergetal.(2007)……reportedthatban

anaclonestolerantto F.oxysporumf.sp. cubensecorrespondwiththis,withasignificantincreaseintheinductionofcellwall-

associatedphenoliccompounds.Jiménez-Fernándezetal.(2013) 

…….alsoreportedthat Fusariumoxysporumf.sp. cicerisrace0remainedintheintercellularspaceofrootcortexandfailed to reach 

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, 

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.mangiumcausesinfectioninseveraltypesofforestandindustrialplants. 

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-)sequencesweretested 

9 forpathogenicityondifferentfabaceaefamilyplantsandthegrowthofpopulationwasalsoobserved.Theresultsshowedthatallthe 

10 threeisolateswereabletoinfectallthetestedplantswithdifferentreactionsofwiltdisease.TheAcaciacrassicarpaandFalcataria 

11 moluccanawerehighlysusceptible;Archidendronpauciflorum,Leucaenaleucocephala,andParkiaspeciosaweremoderately 

12 vulnerableandAcaciaauriculiformiswasmoderatelyresistant.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,seedlingwilt 

 

18 INTRODUCTION 

 
19 Acaciamangium(Willd.)isaspeciesofplantthatoriginatedinseveralregionsofIndonesia,PapuaNewGuinea,and 

20 Australia,andwhich,hasalsobeenfoundforafewdecadesinthehumidtropicallowlandsofAsia,SouthAmerica,and 

21 Africa(KoutikaandRichardson2019).Itisplantedonalargescaleforindustrialpurposesandforestrestorationinthe 

22 tropics(MatsumuraandNaoto2011).Sincethisplantspeciesisknownforitsfastgrowthandhighadaptabilitytovarious 

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

24 (KoutikaandRichardson2019). 

25 Fusariumoxysporumisanimportantpathogenicfungusthatcauseswiltdiseaseindifferentplantsallovertheworld. 

26 Solehaetal.(2021)reportedthatitwasidentifiedasthecausativeagentofvascularwiltinseveralcommercialnurseriesof 

27 A.mangiuminSouthSumatra.Themainsourceoftransmissionisthroughinfectedseedlingsandsoil,whichisrelatively 

28 difficulttotreataftercontamination.Thefungussurvivesbyformingchlamydosporesthatallowittoliveforalongtime, 

29 evenwithoutahostplant(Ignjatovetal.2012;Koyyappurathetal.2016;Ranaetal.2017).Furthermore,itattacksalmost 

30 everytypeofplant,fromcultivatedtoforestandwild(e.g.weeds)(Joshi2018).Thisfungusisalsoabletoattackvarious 

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

32 andBlomquist2011).SeveraltypesofforestplantsthathavereportedlybeenattackedbyF.oxysporumarePinus 

33 massoniana(LuoandYu2020),Tectonagrandis(Borgesetal.2018),Pseudotsugamenziesii(Stewartetal.2011),Acacia 

34 mangium(Widyastutietal.2013)andothers. 

35 SinceF.oxysporumhasahighlevelofhostspecificity,itisclassifiedasaformaespecies(Burkhardtetal.2019; 

36 Tayloretal.2019).AccordingtoLeslieandSummerell(2006)morethan100formaespeciesandraceshavebeen 

37 identifiedandarewidespreadintheworld. 

38 BesidesA.mangium,whichisthemainplantofindustrialforestryinIndonesia,otherplants,suchasAcacia 

39 crassicarpa,Acaciaauriculiformis,Parkiaspeciosa,Archidendronpauciflorum,Falcatariamoluccana,andLeucaena 

40 leucocephalaarealsoimportantandhavehigheconomicvalue.Consideringthattheybelongtothesamefamily 

41 (Fabaceae),theycanbecomethemainoralternativehostsforF.oxysporum,causativeagentofwiltdisease.Thisstudy 

42 aimedtoinvestigatethehostrangeofF.oxysporumasanurserywiltpathogeninA.mangiumandseveralindustrialand 

43 localforestplantsinIndonesia. 



 

 

 

 

 

 

 

 

44 MATERIALSANDMETHOD 

 
Fungalisolates45 

46 ThreepathogenicisolatesofF.oxysporum(AF01,BF05,andDF11)wereselected,whichweredifferentiated 

47 accordingtotheirtef1-sequence(Figure1).IsolateswereculturedonPDBliquidmedium(potatodextrosebroth)and 

48 incubatedat26-28Conashaker(150rpm)foraboutfivedays.Thenthemyceliasuspensionwasfilteredusingtwo 

49 layersofsterilegauzetoseparatetheconidiaandhyphae.Theconidialconcentrationwasdeterminedusinga 

50 hemocytometer and then adjusted to a concentration of 106 ml-1 for pathogenicity test.51 

52  

53 
54 Figure1.F.oxysporumisolatesonPDAmedium.(a)AF01,(b)BF05,and(c)DF11.Firstline:frontview;secondline:reverseview. 

 
Plantmaterial55 

56 Theplantsusedweremembersofthefabaceaefamily,namelyA.crassicarpa,A.auriculiformis,F.moluccana,A. 

57 pauciflorum,P.speciosa,andL.leucocephala,whichwereonemonthold.TheseedlingswereobtainedfromtheForest 

58 CropsResearchInstitute,SouthSumatra.Seedlingsweretransferredinamixedmediumwithcocopeat(1:1)usinga 

59 plasticpotof10cmdiameterand10cmheight,andthenplacedinashadehouse. 

 
60 Pathogenicitytest 

61 Apathogenicitytestwascarriedoutusingrootdipmethod,inwhichtherootswerewashedunderrunningwaterand 

62 thenimmersedin250mlofconidiasuspension(106conidiaml-1)for15minutes.Thecontrolplantswereimmersedin 

63 steriledistilledwater,andtheseedlingsweretransplantedintoplasticpotsandplacedunderahouseshade.Eachisolate 

64 wasinoculatedon25plantswithfivereplicates(fiveplantsper-replicate).Then,diseaseseveritywascalculatedusingthe 

65 methodofMuslimetal.(2003a)andthediseaseindex(DI)wasclassifiedintofollowinggrades,where0=no 

66 disease/healthyseedling,1=yellowleaves,2=yellowleavesandslightlywilted,3=severewilt,and4=deadseedling 

67 (Bertettietal.2018).Furthermore,plantresponsesweregroupedas,R=resistant(DI=0),MR=moderately 

68 resistant/tolerance(DI=<1),MS=moderatelysusceptible(DI=1.02.0),S=susceptible(DI=2.13.0)andHS=highly 

69 susceptible(DI=3.14.0).Thedevelopmentofdiseasewasobserved121daysafterinoculation. 

 
70 Fusariumoxysporumpopulation 

71 ThepopulationofF.oxysporumintherootswascalculatedattheendoftheexperimentusingthemethodof(Muslim 

72 etal.2003b;Lietal.2008;Horinouchietal.2011)withmodificationstothesurfacesterilizationofsamples.Thenthe 

73 plantsweregroupedaccordingtoseverity(diseasescore)andwashedseparatelyunderrunningwatertoremovesoil 

74 residues.Afterthat,allplantsineachscoreweresurfacesterilisedusing1%sodiumhypochloritefor15minutes,then 

75 rinsedthreetimeswithdistilledwater.Thesamplesandwater(1:100w/v)werehomogenisedusingblenderat8000rpm 

76 for10minutes.Thentheywerefilteredusingtwolayersofsterilegauzeanddiluted10to1000times.Thesuspensionwas 

77 spreadonPeptonePCNBagarMedia(PPA/NashSnyderMedium)(LeslieandSummerell2006)intriplicate(fivePetri 

78 dishesperreplication)andincubatedindarkforsevendaysatroomtemperature.Thenumberofcolony-formingunits 

79 (CFU)ofF.oxysporumwascalculatedonthebasisoffreshweightpergramofsampleandgroupedaccordingtothelevel 

80 ofdiseasesseverity. 
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81 RESULTSANDDISCUSSION 

 
82 Pathogenicitytest 

83 Theresultsshowedthatallthesixforestplantstestedhadsimilarreactiontothepathogen.Sevendaysafter 

84 inoculation,alltheplantsshowedtypicalsymptomsofF.oxysporuminfection,i.e.yellowingofoldestleavesclosesttothe 

85 stembase,whichgraduallyprogresstoyoungershoots,severewilting,drying,fallingofleaves,andeventuallyplantdie. 

86 Anothersymptomthatappearedwassuddenwiltinganddeathofplantwithoutchangingtheleafcolour,whilecontrol 

87 plants did not show any symptoms (Figures 

27).88 

89  

90 
91 Figure2.DiseaseindexofAcaciacrassicarpa,(a)fromleft:healthyplantto100%wiltedleaves(score0−4);(b)initialsymptoms: 

92 yellowingfromoldestleaves;(c)advancedsymptoms:fallingleaves;(d)deadplant 

93 

 

 

 

 

 

 

 

 

 
 

 

 

 

 
 

94 
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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102 

 
Figure4.Diseaseindexon Archidendronpauciflorum,(a)fromleft:healthyplantto100%wiltedleaves(score0−4);(b)initialsymptoms: yellowing and 

dry from oldest leaves; (c) advanced symptoms: falling leaves; (d) dead plant 
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106 

 
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 
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110 

 

 
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 



 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 
 

111 
112 Figure7.DiseaseindexonAcaciaauriculiformis,fromleft:healthyplanttowiltedanddeadplant(score04) 

113  

114 Diseaseseveritywassignificantlyhigherthancontrols.A.crassicarpaandF.moluccanaweremostseverelyaffected 

115 withanaveragescoreof4.00and3.44,respectively.Ontheotherhand,A.pauciflorum,L.leucocephala,andP.speciosa 

116 wereshowedmoderatediseaseseverityi.e.1.96,1.68,and1.80,respectively,whereasA.auriculiformishadthelowest 

117 (0.36)diseaseseverity(Table1).Basedonthediseasescore,hostplantswereclassifiedintothreegroups:i)highly 

118 susceptible(A.crassicarpaandF.moluccana),ii)moderatelysusceptible(A.pauciflorumP.speciosa,andL. 

119 leucocephala),andiii)moderateresistance/tolerance(A.auriculiformis).Resultexhibitedthattherewasnosignificant 
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143 

differencebetweenthediseaseseverityinthesamehostthathadbeeninoculatedwithdifferentisolates(Table1). 

 

Table1.DiseaseseverityandhostresponsestoFusariumoxysporumisolatedfromAcaciamangium 

123  

Isolatesa) 
Plantspecies 

AF01b)Response c)BF05ResponseDF11Response 
 

 

Acaciacrassicarpa 4.00a HSc) 3.48a HS 3.96a

 HSFalcatariamoluccana 3.44ab HS 3.04a HS

 2.80ab SArchidendronpauciflorum 1.96bc MS

 1.88b MS 1.40cd MSLeucaenaleucocephala

 1.52c MS 1.56b MS 1.68bc

 MSParkiaspeciosa 1.80c MS 1.04bc MS

 2.16bc SAcaciaauriculiformis 0.36d

 MR0.40cMR0.60dMR 

Valuesfollowedbythesameletterineachrowarenotsignificant. 
aDI04,where0=nodisease/healthyseedling,1=yellowleaves,2=yellowleavesandslightlywilted,3=severewilt,and 4 = dead 

seedling. 
b)F.oxysporumisolates. 
c) Host response grouped as: R = resistant (DI = 0); MR = moderately resistant/tolerance (DI = <1); MS = moderately susceptible (DI 

=1.02.0); S = susceptible (DI = 2.13.0); HS = highly susceptible (DI = 3.14.0) (Bertetti et al. 2018). 

 
Fusariumoxysporumpopulation 

Thetotalpopulationof 

F.oxysporumontherootswasdeterminedbycalculatingtheCFUforeachcategoryofdamage.ForDI4,A.crassicarpaandF.moluccanas

howedasignificantlyhigherpopulation(82.00105.10×104CFUg- 
1freshweight)thanotherplants.ThelowestpopulationwasrecordedinP.speciosaandA.pauciflorum(3.5712.27×104 

CFUg-

1freshweight).ThissamepatternalsooccurredinDI2and3,whilenosamplewasrecordedinA.auriculiformisforDI2and3.InDI1,thehigh

estpopulationwasrecordedin F.moluccanaand L.leucocephala,while A.crassicarpaand A. auriculiformis had no sample for DI 

1. In control plantsinoculated plants with DI0 (DI=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=20.321.3).However,moderateincreasewasobservedin L.leucocephala(m=11.2)(m=11.2)andveryslowin 

A.pauciflorum, P.speciose, and A. auriculiformis (m=2.24.8) (Figure 8). 
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147 

Table 3showedthatisolateswere different in tef1-α, butthepopulation and DIpatternsweresimilarforeach testplant. Thecorrelationbetween 

the population of pathogen (g-1 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 



 

 

 

 

 

 

 

152 Table 2.Fusarium oxysporum population onrootineachdiseaseindex 

153   
PopulationofFusariumoxysporum(×104CFU/gfreshweight)a) 

Plantspecies 
0b)1234 

Averagec) 

AF01d)  

Acaciacrassicarpa n.s n.s n.s n.s 85.13ae) 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 

Parkia speciosa 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 

Parkia speciosa 0.48c 0.57b 1.27c 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 0.35c 0.35b 3.37c 4.42c 6.92e 2.19 

Leucaenaleucocephala 5.58a 11.17a 16.53b 36.63b 54.27b 19.69 

Parkia speciosa 0.25c 0.48b 1.58c 11.97d 12.27d 5.79 

Acaciaauriculiformis 2.83b n.s n.s n.s 21.28c 5.05 

154 n.s:No sample,cfu:colonyformingunit 
155 a)F. oxysporum populationcalculatedat theendoftheexperiment(21daysafterinoculation). 

156 b)DI04;0=nodisease/healthyseedling;1=yellowleaves;2=yellowleavesandslightlywilted;3=severewilt;and4=dead seedling. 
157 c)AverageofF.oxysporumpopulation(cfu/gfreshweight)=(P0A+P1B+P2C+P3D+P4E)/N;whereP0,P1,P2,P3,andP4=populationofpathogeninscore0,1,2,3,and4:A=numberofplantsonscore 
158 0;B=numberofplants onscore1; C=numberofplantsonscore2;D=number ofplantsonscore3;E=numberof plants on score4; N= totalnumberofplants. 
159 d)F.oxysporumisolates 
160 e)Valuesfollowed bythesameletterineachrowarenot significant. 



 

 

 

 

 

 

 

 

161 Table3.Fusariumoxysporumpopulationaverageanddiseasesindexofplant 

162   
Populationaverage(×104CFU/gfresh Diseaseindexb) 

Plantspecies  weight)a)  

AF01c)BF05DF11AF01BF05DF11 

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 

163 a)Average ofF. oxysporumpopulation(cfu/gfreshweight)= (P0A+P1B+P2C+P3D+P4E)/N;whereP0,P1,P2,P3,andP4=population 
164 ofpathogenin score0,1,2,3,and4: A=numberofplantsonscore0;B=numberofplantsonscore1;C=numberofplantson score 

165 2;D=numberofplantsonscore3;E=numberofplantsonscore;N=totalnumberofplants. 

166 b)DI04;0=nodisease/healthyseedling;1=yellowleaves;2=yellowleavesandslightlywilted;3=severewilt;and4 

167 =deadseedling. 

168 c)F.oxysporumisolates. 

169 

 
Discussion170 

171 ArecentstudyreportedanextraordinaryincidenceofseedlingwiltdiseasecausedbyfungalpathogenF.oxysporum 

172 attackingcommercialnurseriesofA.mangiuminSouthSumatra(Solehaetal.2021).Therefore,theinvestigationofanew 

173 hostofthepathogenisanimportantstepintheplantprotectionstrategyforsoil-bornediseases.Hostrangetestsalso 

174 provideinformationaboutplantspeciesthathavethepotentialtobecomealternativehostsormainhostsforthepathogen 

175 (Sampaioetal.2021). 

176 TheresultsindicatedthatF.oxysporum,whichcausesvascularwiltinA.mangiumnursery,canalsoinfectfabaceae 

177 plantswithvarioushostresponses.A.crassicarpaandF.moluccanawerehighlysusceptible,whileA.pauciflorum,L. 

178 leucocephala,andP.speciosaweremoderatelyvulnerable,andA.auriculiformiswasmoderatelyresistant.Pathogen 

179 causedwiltingsymptomsinalltestplantspecieswithDIof4.00.AlthoughDIwaslower(0.36)inA.auriculiformis,butit 

180 hadthepotentialtodamageplants.F.oxysporumabletoinfectplantsevenwithalowDI,causingthedeathofcultivars. 

181 Moreover,whenaplantisgrownincontaminatedsoil,thereisahighriskofdamagetocrops.Asimilarincidentwas 

182 reportedbyPastranaetal.(2017)inwhichF.oxysporumfromblackberryalsocausedsuddendeathinstrawberries. 

183 Anotherstudyalsorevealedthat F.oxysporumfromcactuscausesrootandstem rotdiseasesin Euphorbia(Bertettietal.184 2017). 

185 Theresultsrevealedthatseveraltypesofplantsbelongingtothefabaceaefamilyhadgreatpotentialtobecomean 

186 alternativehostsandevenmainhostforF.oxysporumwhenplantedinthesamefield.Widespreadofthispathogenmay 

187 allowinteractionwithnewplants(Edel-HermannandLecomte2019;Sampaioetal.2021).Moreover,theplantingofnew 

188 speciesaffectedtheoccurrenceofnewoutbreaksbecausethepathogenicstrainsadaptedtothesoilandhadbecame 

189 virulent(Sampaioetal.2021;StukenbrockandMcDonald2008).Furthermore,nurseryactivitiesthatusecontaminated 

190 soilrepeatedlyalsotriggeredthepathogensproliferationandadaptationtootherplants. 

191 ThepathogenpopulationinA.crassicarpaandF.moluccanagrewveryrapidlywithincreasingdiseasescores,while 

192 inL.leucocephalagrewmoderately,andA.pauciflorum,P.speciose,andA.auriculiformisgrewslowly.Inthisstudy,the 

193 populationofF.oxysporumonhighlysusceptibleplants(A.crassicarpaandF.moluccana)wassignificantlyhigherthan 

194 otherplantsforeachdiseasescore.Thispatterniscommonwherethepopulationofpathogenisalsohigherwithdisease 

195 scores(Scottetal.2014).deBorbaetal.(2017)reportedthatsusceptiblelettucecultivarsshowedhighFusarium 

196 populationlevelandvulnerableblackbeangenotypeshowedapopulationlevelof15.4×105CFUg1.Thesecondpattern 

197 wasobservedonL.leucocephala,wherethepopulationofpathogenwasalsomoderatewithamoderatediseasesscore. 

198 Thesimilarresultwasalsooccurredingarlicwithadiseaseseverityof44%duetoFusariumspp.infection,whichshowed 

199 amoderatenumberofpathogensonroots(Molinero-Ruizetal.2011). 

200 AspecialpatternoccurredonA.paucifloruminwhichF.oxysporumcausedamoderateinfection,butthepathogen 

201 populationwaslow.Thismightbeduetotheplantdefencemechanism.Scottetal.(2014)reportedthatresistantpepper 

202 plantsalsosupportpathogendevelopmentinroots,evenwithoutexternalsymptoms.Similarphenomenawasreportedby 

203 Muslimetal.(2003a)whonotedthatsometomatoplantsareinfectedmoderately(score12)byF.oxysporumf.sp. 

204 lycopersici,butthepopulationwaslowerthanotherplantsinsamescore. 

205 TheinfectionandtotalpopulationonParkiaspeciosaandA.auriculiformiswaslower.Thisindicatedthatplants 

206 belongedtotheresistantplantgroup.Fangetal.(2012)reportedthatwhenresistantstrawberryplantswereinoculatedwith 

207 F.oxysporumf.sp.fragariae,thecultivarformedabarrierwithaccumulatedphenoliccellsinthehypodermallayerthat 

208 effectivelylimitsthepathogencolonisationandpreventtheinvasionofrootvasculartissue.Ifthetissuepenetrationby 

209 hyphaewaslimitedtotheepidermis,thenthepathogensdonotreachthevasculartissue.VanDenBergetal.(2007) 

210 reportedthatbananaclonestoleranttoF.oxysporumf.sp.cubensecorrespondwiththis,withasignificantincreaseinthe 



 

 

 

 

 

 

 

 

211 inductionofcellwall-associatedphenoliccompounds.Jiménez-Fernándezetal.(2013)alsoreportedthatFusarium 

212 oxysporumf.sp.cicerisrace0remainedintheintercellularspaceofrootcortexandfailedtoreachxyleminresistant 

213 chickpeacultivars. 

214 Inthisstudy,A.crassicarpaandF.moluccanawereproventobeanalternativehostofF.oxysporum.WhereasL. 

215 leucocephala,A.pauciflorum,P.speciosa,andA.auriculiformishadpotentialasalternativehosts.Manyplantsof 

216 fabaceaefamilywasattackedbyformaespecialisF.oxysporum,suchasVignaangularis(F.oxysporumf.sp.adzukicola), 

217 Cicerarietinum,Cicerspp.(F.oxysporumf.sp.ciceris),Acaciaspp.(F.oxysporumf.sp.koae),Lensculinaris,L. 

218 esculenta(F.oxysporumf.sp.lentis),Medicagosativa(F.oxysporumf.sp.medicaginis),Phaseolusvulgaris,P. 

219 coccineus(F.oxysporumf.sp.phaseoli),Pisumsativum,Cicerarietinum(F.oxysporumf.sp.pisi)(Edel-Hermannand 

220 Lecomte2019).However,inthisstudy,F.oxysporumisolatedfromA.mangiumhasawidehostrangefromfabaceae 

221 family;therefore,itisnotclassifiedasformaespecialis. 

222 Inconclusion,F.oxysporumisolatedfromA.mangiumcausesinfectioninseveraltypesofforestandindustrialplants. 

223 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-)sequencesweretested 

9 forpathogenicityondifferentfabaceaefamilyplantsandthegrowthofpopulationwasalsoobserved.Theresultsshowedthatallthe 

10 threeisolateswereabletoinfectallthetestedplantswithdifferentreactionsofwiltdisease.TheAcaciacrassicarpaandFalcataria 

11 moluccanawerehighlysusceptible;Archidendronpauciflorum,Leucaenaleucocephala,andParkiaspeciosaweremoderately 

12 vulnerableandAcaciaauriculiformiswasmoderatelyresistant.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,seedlingwilt 

 

18 INTRODUCTION 

 
19 Acaciamangium(Willd.)isaspeciesofplantthatoriginatedinseveralregionsofIndonesia,PapuaNewGuinea,and 

20 Australia,andwhich,hasalsobeenfoundforafewdecadesinthehumidtropicallowlandsofAsia,SouthAmerica,and 

21 Africa(KoutikaandRichardson2019).Itisplantedonalargescaleforindustrialpurposesandforestrestorationinthe 

22 tropics(MatsumuraandNaoto2011).Sincethisplantspeciesisknownforitsfastgrowthandhighadaptabilitytovarious 

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

24 (KoutikaandRichardson2019). 

25 Fusariumoxysporumisanimportantpathogenicfungusthatcauseswiltdiseaseindifferentplantsallovertheworld. 

26 Solehaetal.(2021)reportedthatitwasidentifiedasthecausativeagentofvascularwiltinseveralcommercialnurseriesof 

27 A.mangiuminSouthSumatra.Themainsourceoftransmissionisthroughinfectedseedlingsandsoil,whichisrelatively 

28 difficulttotreataftercontamination.Thefungussurvivesbyformingchlamydosporesthatallowittoliveforalongtime, 

29 evenwithoutahostplant(Ignjatovetal.2012;Koyyappurathetal.2016;Ranaetal.2017).Furthermore,itattacksalmost 

30 everytypeofplant,fromcultivatedtoforestandwild(e.g.weeds)(Joshi2018).Thisfungusisalsoabletoattackvarious 

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

32 andBlomquist2011).SeveraltypesofforestplantsthathavereportedlybeenattackedbyF.oxysporumarePinus 

33 massoniana(LuoandYu2020),Tectonagrandis(Borgesetal.2018),Pseudotsugamenziesii(Stewartetal.2011),Acacia 

34 mangium(Widyastutietal.2013)andothers. 

35 SinceF.oxysporumhasahighlevelofhostspecificity,itisclassifiedasaformaespecies(Burkhardtetal.2019; 

36 Tayloretal.2019).AccordingtoLeslieandSummerell(2006)morethan100formaespeciesandraceshavebeen 

37 identifiedandarewidespreadintheworld. 

38 BesidesA.mangium,whichisthemainplantofindustrialforestryinIndonesia,otherplants,suchasAcacia 

39 crassicarpa,Acaciaauriculiformis,Parkiaspeciosa,Archidendronpauciflorum,Falcatariamoluccana,andLeucaena 

40 leucocephalaarealsoimportantandhavehigheconomicvalue.Consideringthattheybelongtothesamefamily 

41 (Fabaceae),theycanbecomethemainoralternativehostsforF.oxysporum,causativeagentofwiltdisease.Thisstudy 

42 aimedtoinvestigatethehostrangeofF.oxysporumasanurserywiltpathogeninA.mangiumandseveralindustrialand 

43 localforestplantsinIndonesia. 



 

 

 

 

 

 

 

 

44 MATERIALSANDMETHOD 

 
Fungalisolates45 

46 ThreepathogenicisolatesofF.oxysporum(AF01,BF05,andDF11)wereselected,whichweredifferentiated 

47 accordingtotheirtef1-sequence(Figure1).IsolateswereculturedonPDBliquidmedium(potatodextrosebroth)and 

48 incubatedat26-28Conashaker(150rpm)foraboutfivedays.Thenthemyceliasuspensionwasfilteredusingtwo 

49 layersofsterilegauzetoseparatetheconidiaandhyphae.Theconidialconcentrationwasdeterminedusinga 

50 hemocytometer and then adjusted to a concentration of 106 ml-1 for pathogenicity test.51 

52  

53 
54 Figure1.F.oxysporumisolatesonPDAmedium.(a)AF01,(b)BF05,and(c)DF11.Firstline:frontview;secondline:reverseview. 

 
Plantmaterial55 

56 Theplantsusedweremembersofthefabaceaefamily,namelyA.crassicarpa,A.auriculiformis,F.moluccana,A. 

57 pauciflorum,P.speciosa,andL.leucocephala,whichwereonemonthold.TheseedlingswereobtainedfromtheForest 

58 CropsResearchInstitute,SouthSumatra.Seedlingsweretransferredinamixedmediumwithcocopeat(1:1)usinga 

59 plasticpotof10cmdiameterand10cmheight,andthenplacedinashadehouse. 

 
60 Pathogenicitytest 

61 Apathogenicitytestwascarriedoutusingrootdipmethod,inwhichtherootswerewashedunderrunningwaterand 

62 thenimmersedin250mlofconidiasuspension(106conidiaml-1)for15minutes.Thecontrolplantswereimmersedin 

63 steriledistilledwater,andtheseedlingsweretransplantedintoplasticpotsandplacedunderahouseshade.Eachisolate 

64 wasinoculatedon25plantswithfivereplicates(fiveplantsper-replicate).Then,diseaseseveritywascalculatedusingthe 

65 methodofMuslimetal.(2003a)andthediseaseindex(DI)wasclassifiedintofollowinggrades,where0=no 

66 disease/healthyseedling,1=yellowleaves,2=yellowleavesandslightlywilted,3=severewilt,and4=deadseedling 

67 (Bertettietal.2018).Furthermore,plantresponsesweregroupedas,R=resistant(DI=0),MR=moderately 

68 resistant/tolerance(DI=<1),MS=moderatelysusceptible(DI=1.02.0),S=susceptible(DI=2.13.0)andHS=highly 

69 susceptible(DI=3.14.0).Thedevelopmentofdiseasewasobserved121daysafterinoculation. 

 
70 Fusariumoxysporumpopulation 

71 ThepopulationofF.oxysporumintherootswascalculatedattheendoftheexperimentusingthemethodof(Muslim 

72 etal.2003b;Lietal.2008;Horinouchietal.2011)withmodificationstothesurfacesterilizationofsamples.Thenthe 

73 plantsweregroupedaccordingtoseverity(diseasescore)andwashedseparatelyunderrunningwatertoremovesoil 

74 residues.Afterthat,allplantsineachscoreweresurfacesterilisedusing1%sodiumhypochloritefor15minutes,then 

75 rinsedthreetimeswithdistilledwater.Thesamplesandwater(1:100w/v)werehomogenisedusingblenderat8000rpm 

76 for10minutes.Thentheywerefilteredusingtwolayersofsterilegauzeanddiluted10to1000times.Thesuspensionwas 

77 spreadonPeptonePCNBagarMedia(PPA/NashSnyderMedium)(LeslieandSummerell2006)intriplicate(fivePetri 

78 dishesperreplication)andincubatedindarkforsevendaysatroomtemperature.Thenumberofcolony-formingunits 

79 (CFU)ofF.oxysporumwascalculatedonthebasisoffreshweightpergramofsampleandgroupedaccordingtothelevel 

80 ofdiseasesseverity. 
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81 RESULTSANDDISCUSSION 

 
82 Pathogenicitytest 

83 Theresultsshowedthatallthesixforestplantstestedhadsimilarreactiontothepathogen.Sevendaysafter 

84 inoculation,alltheplantsshowedtypicalsymptomsofF.oxysporuminfection,i.e.yellowingofoldestleavesclosesttothe 

85 stembase,whichgraduallyprogresstoyoungershoots,severewilting,drying,fallingofleaves,andeventuallyplantdie. 

86 Anothersymptomthatappearedwassuddenwiltinganddeathofplantwithoutchangingtheleafcolour,whilecontrol 

87 plants did not show any symptoms (Figures 

27).88 

89  

90 
91 Figure2.DiseaseindexofAcaciacrassicarpa,(a)fromleft:healthyplantto100%wiltedleaves(score0−4);(b)initialsymptoms: 

92 yellowingfromoldestleaves;(c)advancedsymptoms:fallingleaves;(d)deadplant 

93 

 

 

 

 

 

 

 

 

 
 

 

 

 

 
 

94 
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 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

99 
100 
101 
102 

 
Figure4.Diseaseindexon Archidendronpauciflorum,(a)fromleft:healthyplantto100%wiltedleaves(score0−4);(b)initialsymptoms: yellowing and 

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

 

 

 

 
 

 

 

 

 

 

 
103 
104 
105 

106 

 
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 
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110 

 

 
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 



 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 
 

111 
112 Figure7.DiseaseindexonAcaciaauriculiformis,fromleft:healthyplanttowiltedanddeadplant(score04) 

113  

114 Diseaseseveritywassignificantlyhigherthancontrols.A.crassicarpaandF.moluccanaweremostseverelyaffected 

115 withanaveragescoreof4.00and3.44,respectively.Ontheotherhand,A.pauciflorum,L.leucocephala,andP.speciosa 

116 wereshowedmoderatediseaseseverityi.e.1.96,1.68,and1.80,respectively,whereasA.auriculiformishadthelowest 

117 (0.36)diseaseseverity(Table1).Basedonthediseasescore,hostplantswereclassifiedintothreegroups:i)highly 

118 susceptible(A.crassicarpaandF.moluccana),ii)moderatelysusceptible(A.pauciflorumP.speciosa,andL. 

119 leucocephala),andiii)moderateresistance/tolerance(A.auriculiformis).Resultexhibitedthattherewasnosignificant 
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differencebetweenthediseaseseverityinthesamehostthathadbeeninoculatedwithdifferentisolates(Table1). 

 

Table1.DiseaseseverityandhostresponsestoFusariumoxysporumisolatedfromAcaciamangium 

123  

Isolatesa) 
Plantspecies 

AF01b)Response c)BF05ResponseDF11Response 
 

 

Acaciacrassicarpa 4.00a HSc) 3.48a HS 3.96a

 HSFalcatariamoluccana 3.44ab HS 3.04a HS

 2.80ab SArchidendronpauciflorum 1.96bc MS

 1.88b MS 1.40cd MSLeucaenaleucocephala

 1.52c MS 1.56b MS 1.68bc

 MSParkiaspeciosa 1.80c MS 1.04bc MS

 2.16bc SAcaciaauriculiformis 0.36d

 MR0.40cMR0.60dMR 

Valuesfollowedbythesameletterineachrowarenotsignificant. 
aDI04,where0=nodisease/healthyseedling,1=yellowleaves,2=yellowleavesandslightlywilted,3=severewilt,and 4 = dead 

seedling. 
b)F.oxysporumisolates. 
c) Host response grouped as: R = resistant (DI = 0); MR = moderately resistant/tolerance (DI = <1); MS = moderately susceptible (DI 

=1.02.0); S = susceptible (DI = 2.13.0); HS = highly susceptible (DI = 3.14.0) (Bertetti et al. 2018). 

 
Fusariumoxysporumpopulation 

Thetotalpopulationof 

F.oxysporumontherootswasdeterminedbycalculatingtheCFUforeachcategoryofdamage.ForDI4,A.crassicarpaandF.moluccanas

howedasignificantlyhigherpopulation(82.00105.10×104CFUg- 
1freshweight)thanotherplants.ThelowestpopulationwasrecordedinP.speciosaandA.pauciflorum(3.5712.27×104 

CFUg-

1freshweight).ThissamepatternalsooccurredinDI2and3,whilenosamplewasrecordedinA.auriculiformisforDI2and3.InDI1,thehigh

estpopulationwasrecordedin F.moluccanaand L.leucocephala,while A.crassicarpaand A. auriculiformis had no sample for DI 

1. In control plantsinoculated plants with DI0 (DI=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=20.321.3).However,moderateincreasewasobservedin L.leucocephala(m=11.2)(m=11.2)andveryslowin 

A.pauciflorum, P.speciose, and A. auriculiformis (m=2.24.8) (Figure 8). 
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Table 3showedthatisolateswere different in tef1-α, butthepopulation and DIpatternsweresimilarforeach testplant. Thecorrelationbetween 

the population of pathogen (g-1 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). 
 

Figure8.RegressionanalysisofdiseasescorerateandF.oxysporumpopulation 

 

 

 

Commented[AKG11]:Removetheoldfigures 

Commented[AKG12]:Removetheoldfigures 

 
Commented[nd13R12]:Wehaveremovedoldfigure. 

Formatted:jbd-abs-gb-tab9,Left 

 
 
 

 
 
 
 
 

 
 
 
 
 

 
 

Formatted:Normal,Centered 



 

 
 

 
 
 
 

153 Table 2.Fusarium oxysporum population onrootineachdiseaseindex 

154   
PopulationofFusariumoxysporum(×104CFU/gfreshweight)a) 

Plantspecies 
0b)1234 

Averagec) 

AF01d)  

Acaciacrassicarpa n.s n.s n.s n.s 85.13ae) 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 

Parkia speciosa 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 

Parkia speciosa 0.48c 0.57b 1.27c 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 0.35c 0.35b 3.37c 4.42c 6.92e 2.19 

Leucaenaleucocephala 5.58a 11.17a 16.53b 36.63b 54.27b 19.69 

Parkia speciosa 0.25c 0.48b 1.58c 11.97d 12.27d 5.79 

Acaciaauriculiformis 2.83b n.s n.s n.s 21.28c 5.05 

155 n.s:No sample,cfu:colonyformingunit 
156 a)F. oxysporum populationcalculatedat theendoftheexperiment(21daysafterinoculation). 

157 b)DI04;0=nodisease/healthyseedling;1=yellowleaves;2=yellowleavesandslightlywilted;3=severewilt;and4=dead seedling. 
158 c)AverageofF.oxysporumpopulation(cfu/gfreshweight)=(P0A+P1B+P2C+P3D+P4E)/N;whereP0,P1,P2,P3,andP4=populationofpathogeninscore0,1,2,3,and4:A=numberofplantsonscore 
159 0;B=numberofplants onscore1; C=numberofplantsonscore2;D=number ofplantsonscore3;E=numberof plants on score4; N= totalnumberofplants. 
160 d)F.oxysporumisolates 
161 e)Valuesfollowed bythesameletterineachrowarenot significant. 



 

 

 

 

 

 

 

 

162 Table3.Fusariumoxysporumpopulationaverageanddiseasesindexofplant 

163   
Populationaverage(×104CFU/gfresh Diseaseindexb) 

Plantspecies  weight)a)  

AF01c)BF05DF11AF01BF05DF11 

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 

164 a)Average ofF. oxysporumpopulation(cfu/gfreshweight)= (P0A+P1B+P2C+P3D+P4E)/N;whereP0,P1,P2,P3,andP4=population 
165 ofpathogenin score0,1,2,3,and4: A=numberofplantsonscore0;B=numberofplantsonscore1;C=numberofplantson score 

166 2;D=numberofplantsonscore3;E=numberofplantsonscore;N=totalnumberofplants. 

167 b)DI04;0=nodisease/healthyseedling;1=yellowleaves;2=yellowleavesandslightlywilted;3=severewilt;and4 

168 =deadseedling. 

169 c)F.oxysporumisolates. 

170 

 
Discussion171 

172 ArecentstudyreportedanextraordinaryincidenceofseedlingwiltdiseasecausedbyfungalpathogenF.oxysporum 

173 attackingcommercialnurseriesofA.mangiuminSouthSumatra(Solehaetal.2021).Therefore,theinvestigationofanew 

174 hostofthepathogenisanimportantstepintheplantprotectionstrategyforsoil-bornediseases.Hostrangetestsalso 

175 provideinformationaboutplantspeciesthathavethepotentialtobecomealternativehostsormainhostsforthepathogen 

176 (Sampaioetal.2021). 

177 TheresultsindicatedthatF.oxysporum,whichcausesvascularwiltinA.mangiumnursery,canalsoinfectfabaceae 

178 plantswithvarioushostresponses.A.crassicarpaandF.moluccanawerehighlysusceptible,whileA.pauciflorum,L. 

179 leucocephala,andP.speciosaweremoderatelyvulnerable,andA.auriculiformiswasmoderatelyresistant.Pathogen 

180 causedwiltingsymptomsinalltestplantspecieswithDIof4.00.AlthoughDIwaslower(0.36)inA.auriculiformis,butit 

181 hadthepotentialtodamageplants.F.oxysporumabletoinfectplantsevenwithalowDI,causingthedeathofcultivars. 

182 Moreover,whenaplantisgrownincontaminatedsoil,thereisahighriskofdamagetocrops.Asimilarincidentwas 

183 reportedbyPastranaetal.(2017)inwhichF.oxysporumfromblackberryalsocausedsuddendeathinstrawberries. 

184 Anotherstudyalsorevealedthat F.oxysporumfromcactuscausesrootandstem rotdiseasesin Euphorbia(Bertettietal.185 2017). 

186 Theresultsrevealedthatseveraltypesofplantsbelongingtothefabaceaefamilyhadgreatpotentialtobecomean 

187 alternativehostsandevenmainhostforF.oxysporumwhenplantedinthesamefield.Widespreadofthispathogenmay 

188 allowinteractionwithnewplants(Edel-HermannandLecomte2019;Sampaioetal.2021).Moreover,theplantingofnew 

189 speciesaffectedtheoccurrenceofnewoutbreaksbecausethepathogenicstrainsadaptedtothesoilandhadbecame 

190 virulent(Sampaioetal.2021;StukenbrockandMcDonald2008).Furthermore,nurseryactivitiesthatusecontaminated 

191 soilrepeatedlyalsotriggeredthepathogensproliferationandadaptationtootherplants. 

192 ThepathogenpopulationinA.crassicarpaandF.moluccanagrewveryrapidlywithincreasingdiseasescores,while 

193 inL.leucocephalagrewmoderately,andA.pauciflorum,P.speciose,andA.auriculiformisgrewslowly.Inthisstudy,the 

194 populationofF.oxysporumonhighlysusceptibleplants(A.crassicarpaandF.moluccana)wassignificantlyhigherthan 

195 otherplantsforeachdiseasescore.Thispatterniscommonwherethepopulationofpathogenisalsohigherwithdisease 

196 scores(Scottetal.2014).deBorbaetal.(2017)reportedthatsusceptiblelettucecultivarsshowedhighFusarium 

197 populationlevelandvulnerableblackbeangenotypeshowedapopulationlevelof15.4×105CFUg1.Thesecondpattern 

198 wasobservedonL.leucocephala,wherethepopulationofpathogenwasalsomoderatewithamoderatediseasesscore. 

199 Thesimilarresultwasalsooccurredingarlicwithadiseaseseverityof44%duetoFusariumspp.infection,whichshowed 

200 amoderatenumberofpathogensonroots(Molinero-Ruizetal.2011). 

201 AspecialpatternoccurredonA.paucifloruminwhichF.oxysporumcausedamoderateinfection,butthepathogen 

202 populationwaslow.Thismightbeduetotheplantdefencemechanism.Scottetal.(2014)reportedthatresistantpepper 

203 plantsalsosupportpathogendevelopmentinroots,evenwithoutexternalsymptoms.Similarphenomenawasreportedby 

204 Muslimetal.(2003a)whonotedthatsometomatoplantsareinfectedmoderately(score12)byF.oxysporumf.sp. 

205 lycopersici,butthepopulationwaslowerthanotherplantsinsamescore. 

206 TheinfectionandtotalpopulationonParkiaspeciosaandA.auriculiformiswaslower.Thisindicatedthatplants 

207 belongedtotheresistantplantgroup.Fangetal.(2012)reportedthatwhenresistantstrawberryplantswereinoculatedwith 

208 F.oxysporumf.sp.fragariae,thecultivarformedabarrierwithaccumulatedphenoliccellsinthehypodermallayerthat 

209 effectivelylimitsthepathogencolonisationandpreventtheinvasionofrootvasculartissue.Ifthetissuepenetrationby 

210 hyphaewaslimitedtotheepidermis,thenthepathogensdonotreachthevasculartissue.VanDenBergetal.(2007) 

211 reportedthatbananaclonestoleranttoF.oxysporumf.sp.cubensecorrespondwiththis,withasignificantincreaseinthe 



 

 

 

 

 

 

 

 

212 inductionofcellwall-associatedphenoliccompounds.Jiménez-Fernándezetal.(2013)alsoreportedthatFusarium 

213 oxysporumf.sp.cicerisrace0remainedintheintercellularspaceofrootcortexandfailedtoreachxyleminresistant 

214 chickpeacultivars. 

215 Inthisstudy,A.crassicarpaandF.moluccanawereproventobeanalternativehostofF.oxysporum.WhereasL. 

216 leucocephala,A.pauciflorum,P.speciosa,andA.auriculiformishadpotentialasalternativehosts.Manyplantsof 

217 fabaceaefamilywasattackedbyformaespecialisF.oxysporum,suchasVignaangularis(F.oxysporumf.sp.adzukicola), 

218 Cicerarietinum,Cicerspp.(F.oxysporumf.sp.ciceris),Acaciaspp.(F.oxysporumf.sp.koae),Lensculinaris,L. 

219 esculenta(F.oxysporumf.sp.lentis),Medicagosativa(F.oxysporumf.sp.medicaginis),Phaseolusvulgaris,P. 

220 coccineus(F.oxysporumf.sp.phaseoli),Pisumsativum,Cicerarietinum(F.oxysporumf.sp.pisi)(Edel-Hermannand 

221 Lecomte2019).However,inthisstudy,F.oxysporumisolatedfromA.mangiumhasawidehostrangefromfabaceae 

222 family;therefore,itisnotclassifiedasformaespecialis. 

223 Inconclusion,F.oxysporumisolatedfromA.mangiumcausesinfectioninseveraltypesofforestandindustrialplants. 

224 Sinceithasawidehostrange,itisnotclassifiedaspartoftheformaespecialisgroup. 

 

225 ACKNOWLEDGEMENT 

 
226 ThisresearchwasfundedbytheDirectorateGeneralofResearchandDevelopment,MinistryofResearch,Technology 

227 andHigherEducationthroughthePMDSUscholarship2020-2021accordingtotheDirectorofResearchandCommunity 

228 Service,AhmadMuslim,withthenumber0124/UN9/SB3.LP2M.PT/2020. 

 

229 REFERENCES 

 
230 AsifMJ,GovenderNT,AngLH,RatnamW.2017.GrowthperformanceandlignincontentofAcaciamangiumWilld.and 

231 AcaciaauriculiformisA.Cunn.exBenth.undernormalandstressedconditions.JForSci63:381–392.232

 https://doi.org/10.17221/100/2015-JFS 

233 BertettiD,OrtuG,GullinoML,GaribaldiA.2017.IdentificationofFusariumoxysporumf.sp.opuntiarumonnewhosts 

234 oftheCactaceaeandEuphorbiaceaefamilies.JPlantPathol99:347–354. 

235 BertettiD,GullinoML,GaribaldiA.2018.SusceptibilityofsomePapaveraceaeplantsto Fusariumoxysporumf.sp.236 

 papaveris. J Plant Dis Prot 125: 103–108. https://doi.org/10.1007/s41348-017-0095-7 

237 BorgesRCF,MacedoMA,CabralCS,RossatoM,FontesMG,SantosMDM,FerreiraMA,Fonse=aMEN,ReisA, 

238 BoiteuxLS.2018.Vascularwiltofteak(Tectonagrandis)causedbyFusariumoxysporuminBrazil. 

239 PhytopathologyMediterranea57:115–121.https://doi.org/10.14601/Phytopathol 

240 BurkhardtA,HenryPM,KoikeST,GordonTR,MartinF.2019.DetectionofFusariumoxysporumf.sp.fragariaefrom 

241 infectedstrawberryplants.PlantDis103:1006–1013.https://doi.org/10.1094/PDIS-08-18-1315-RE 

242 deBorbaMC,Garcés-FiallosFR,StadnikMJ.2017.Reactionsofblackbeanseedlingsandadultplantstoinfectionby 

243 Fusariumoxysporumf.sp.phaseoli.JCropProt96:221–227.https://doi.org/10.1016/j.cropro.2017.02.019 

244 Edel-HermannV,LecomteC.2019.Currentstatusof Fusariumoxysporumformaespecialesandraces.Phytopathology245 

 109: 512–530. https://doi.org/10.1094/PHYTO-08-18-0320-RVW 

246 FangX,KuoJ,YouMP,FinneganPM,BarbettiMJ.2012.Comparativerootcolonisationofstrawberrycultivars 

247 CamarosaandFestivalbyFusariumoxysporumf.sp. fragariae.PlantandSoil358:75–89.248

 https://doi.org/10.1007/s11104-012-1205-8 

249 IgnjatovM,MilosevicD,NikolicZ,Gvozdanovic-VargaJ,JovicicD,ZdjelarG.2012.Fusariumoxysporumasacausal 

250 agentoftomatowiltandfruitrot.PesticPhytomed27:25–31.https://doi.org/10.2298/pif1201025i 

251 Jacobs A, Van Heerden SW. 2012. First report of Fusarium oxysporum f. sp. radicis-lycopersici in South Africa. Australas252

  Plant Dis Notes 7: 29–32. https://doi.org/10.1007/s13314-011-0039-1 

253 Jiménez-FernándezD,LandaBB,KangS,Jiménez-DíazRM,Navas-CortésJA.2013.QuantitativeandMicroscopic 

254 AssessmentofCompatibleandIncompatibleInteractionsbetweenChickpeaCultivarsandFusariumoxysporumf. 

255 sp.cicerisRaces.PLoSONE8:1-14.https://doi.org/10.1371/journal.pone.0061360 

256 JoshiR.2018.AreviewofFusariumoxysporumonitsplantinteractionandindustrialuse.JMedPlantsStud6:112–115. 

257 KoutikaL,RichardsonDM.2019.AcaciamangiumWilld:benefitsandthreatsassociatedwithitsincreasingusearound 

258 theworld.ForEcosyst6:1–13. 

259 KoyyappurathS,AtuahivaT,LeGuenR,BatinaH,LeSquinS,GautheronN,EdelHermannV,PeribeJ,JahielM, 

260 SteinbergC,LiewECY,AlabouvetteC,BesseP,DronM,SacheI,LavalV,GrisoniM.2016.Fusariumoxysporum 

261 f.sp.radicis-vanillaeisthecausalagentofrootandstemrotofvanilla.PlantPathol65:612–625.262

 https://doi.org/10.1111/ppa.12445 

263 LeslieJF,SummerellBA.2006.TheFusariumLaboratoryManual.BlackwellPublishing,Oxford. 

264 LuoX,YuC.2020.Firstreportofdamping-offdiseasecausedby Fusariumoxysporumin PinusmassonianainChina.J265 

 Plant Dis Prot 127: 401–409. https://doi.org/10.1007/s41348-020-00303-3 



 

 

 

 

 

 

 

 

266 Matsumura,Naoto.2011.YieldPredictionforAcaciamangiumPlantationsinSoutheastAsia.Formath10:295–308. 

267 Molinero-RuizL,Rubio-PérezE,González-DomínguezE,Basallote-UrebaMJ.2011.AlternativeHostsforFusariumspp. 

268 CausingCrownandRootRotofAsparagusinSpain.JPhytopathol159:114–116.https://doi.org/10.1111/j.1439-269

 0434.2010.01723.x 

270 MuslimA,HorinouchiH,HyakumachiM.2003a.BiologicalcontrolofFusariumwiltoftomatowithhypovirulent 

271 binucleateRhizoctoniaingreenhouseconditions.Mycoscience44:77–84.https://doi.org/10.1007/s10267-002-0084- 

272 x 

273 MuslimA,HorinouchiH,HyakumachiM.2003b.Controloffusariumcrownandrootrotoftomatowithhypovirulent 

274 binucleate Rhizoctonia in soil and rock wool systems. Plant Dis 87: 739–

747.275 https://doi.org/10.1094/PDIS.2003.87.6.739 

276 PastranaAM,KirkpatrickSC,KongM,BroomeJC,GordonTR.2017.Fusariumoxysporumf.sp.mori,anewforma 

277 specialiscausingfusariumwiltofblackberry.PlantDis101:2066–2072.https://doi.org/10.1094/PDIS-03-17-0428- 

278 RE 

279 RanaA,SahgalM,JohriBN.2017. Fusariumoxysporum:Genomics,diversityandplant-hostinteraction.DevelopFung280 

 Biol & Applied Mycol: 159–199. https://doi.org/10.1007/978-981-10-4768-8_10 

281 Rooney-LathamS,BlomquistCL.2011.FirstReportofFusariumWiltCausedbyFusariumoxysporumf.sp.passiflorae 

282 onPassionFruitinNorthAmeriea.PlantDis95:1478https://doi.org/10.1094/PDIS-03-11 

283 SampaioAM,RubialesD,VazPattoMC.2021.GrasspeaandpeaphylogeneticrelatednessreflectedatFusarium 

284 oxysporumhostrange.JCropProt141:18105495.https://doi.org/10.1016/j.cropro.2020.105495 

285 ScottJC,McrobertsDN,GordonTR.2014.ColonizationoflettucecultivarsandrotationcropsbyFusariumoxysporumf. 

286 sp.lactucae,thecauseoffusariumwiltoflettuce.JPlantPathol63:548–553.https://doi.org/10.1111/ppa.12135 

287 SolehaS,MuslimA,SuwandiS,KadirS,PratamaR.2021.TheidentificationandpathogenicityofFusariumoxysporum 

288 causingacaciaseedlingwiltdisease.JForRes.https://doi.org/10.1007/s11676-021-01355-3 

289 StewartJE,AbdoZ,DumroeseRK,KlopfensteinNB,KimM.2011.VirulenceofFusariumoxysporumandFusarium 

290 communetoDouglas-fir(Pseudotsugamenziesii)seedlings.ForPathol:1–9.https://doi.org/10.1111/j.1439-291

 0329.2011.00746.x 

292 StukenbrockEH, McDonald BA. 2008. The origins of plant pathogens in agro-ecosystems. AnnuRev Phytopathol 46: 75–293

  100.https://doi.org/10.1146/annurev.phyto.010708.154114 

294 TaylorA,ArmitageAD,HandyC,JacksonAC,HulinMT,HarrisonRJ,ClarksonJP.2019.BasalRotofNarcissus: 

295 UnderstandingPathogenicityin Fusariumoxysporumf.sp. narcissi.FrontMicrobiol10:1-17296

 https://doi.org/10.3389/fmicb.2019.02905 

297 VanDenBergN,BergerDK,HeinI,BirchPRJ,WingfieldMJ,ViljoenA.2007.ToleranceinbananatoFusariumwiltis 

298 associatedwithearlyup-regulationofcellwall-strengtheninggenesintheroots.MolPlantPathol8:333–341.299

 https://doi.org/10.1111/j.1364-3703.2007.00389.x 

300 WidyastutiSM,TasikS,Harjono.2013.TheinfectionprocessofFusariumoxysporumfungus:Acauseofdamping-offon 

301 Acaciamangiumseedlings.Agrivita35:110–118.https://doi.org/10.17503/Agrivita-2013-35-2-p110-118 

302 ZhangL,SongJ,ShenJ,TanG,LiS,DingF.2013.FirstReportofStemCankeronPhoenixTrees(Firmianasimplex) 

303 Caused by Fusarium oxysporum in China. J Phytopathol 161: 128–130. 

https://doi.org/10.1111/jph.12033304 

 
 

305 
 

306 



Answer Review 3 
 

 

 
 

1 HostrangestudiesofFusariumoxysporum,causalagentofseedlingwilt 

2 diseaseofAcaciamangium 
3 
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5 
6 Abstract.FusariumoxysporumisaseriouspathogenthatcausesseverewiltdiseaseincommercialnurseriesofAcaciamangiumin 

7 SouthSumatra.ThisstudyaimedtoinvestigatethehostrangeofF.oxysporumasanurserywiltpathogeninA.mangiumandseveral 

8 forestandindustrialplants.ThreeisolatesofF.oxysporumwithdifferenttranslationelongationfactor(tef1-)sequencesweretested 

9 forpathogenicityondifferentfabaceaefamilyplantsandthegrowthofpopulationwasalsoobserved.Theresultsshowedthatallthe 
10 threeisolateswereabletoinfectallthetestedplantswithdifferentreactionsofwiltdisease.TheAcaciacrassicarpaandFalcataria 
11 moluccanawerehighlysusceptible;Archidendronpauciflorum,Leucaenaleucocephala,andParkiaspeciosaweremoderately 
12 vulnerableandAcaciaauriculiformiswasmoderatelyresistant.ThepathogenpopulationinA.crassicarpaandF.moluccanagrew 
13 rapidlyalongwiththeincreaseindiseasescores,whileinL.leucocephalaitwasmoderate,andslowinA.pauciflorum,P.speciosaand 
14 A.auriculiformisplants.Inconclusion,F.oxysporumpathogen,whichwasisolatedfromA.mangium,hasawide range ofhostsinthe 

15 fabaceaefamily. 

16 
 

17 Keyword:Acaciamangium,fabaceae,Fusariumoxysporum,hostrange,seedlingwilt 

 

 

18 INTRODUCTION 
 

19 Acaciamangium(Willd.)isaspeciesofplantthatoriginatedinseveralregionsofIndonesia,PapuaNewGuinea,and 

20 Australia,andwhich,hasalsobeenfoundforafewdecadesinthehumidtropicallowlandsofAsia,SouthAmerica,and 
21 Africa(KoutikaandRichardson2019).Itisplantedonalargescaleforindustrialpurposesandforestrestorationinthe 

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

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

24 (KoutikaandRichardson2019). 

25 Fusariumoxysporumisanimportantpathogenicfungusthatcauseswiltdiseaseindifferentplantsallovertheworld. 

26 Solehaetal.(2021)reportedthatitwasidentifiedasthecausativeagentofvascularwiltinseveralcommercialnurseriesof 
27 A.mangiuminSouthSumatra.Themainsourceoftransmissionisthroughinfectedseedlingsandsoil,whichisrelatively 
28 difficult totreatafter contamination.The fungus survivesbyformingchlamydosporesthatallowittoliveforalongtime, 

29 evenwithoutahostplant(Ignjatovetal.2012;Koyyappurathetal.2016;Ranaetal.2017).Furthermore,itattacks almost 

30 everytypeof plant,fromcultivatedtoforestandwild(e.g.weeds)(Joshi2018).Thisfungusisalsoabletoattackvarious 

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

32 andBlomquist2011).SeveraltypesofforestplantsthathavereportedlybeenattackedbyF.oxysporumarePinus 
33 massoniana(LuoandYu2020),Tectonagrandis(Borgesetal.2018),Pseudotsugamenziesii(Stewartetal.2011),Acacia 

34 mangium(Widyastutietal.2013)andothers. 
35 SinceF.oxysporumhasahighlevelofhostspecificity,itisclassifiedasaformaespecies(Burkhardtetal.2019; 

36 Tayloretal.2019).AccordingtoLeslieandSummerell(2006)morethan100formaespeciesandraceshavebeen 

37 identifiedandarewidespreadintheworld. 

38 BesidesA.mangium,whichisthemainplantofindustrialforestryinIndonesia,otherplants,suchasAcacia 
39 crassicarpa,Acaciaauriculiformis,Parkiaspeciosa,Archidendronpauciflorum,Falcatariamoluccana,andLeucaena 

40 leucocephalaarealsoimportantandhavehigheconomicvalue.Consideringthattheybelongtothesamefamily 

41 (Fabaceae),theycanbecomethemainoralternativehostsforF.oxysporum,causativeagentofwiltdisease.Thisstudy 

42 aimedtoinvestigatethehostrangeofF.oxysporumasanurserywiltpathogeninA.mangiumandseveralindustrialand 

43 localforestplantsinIndonesia. 



44 MATERIALSANDMETHOD 
 

Fungalisolates45 

46 ThreepathogenicisolatesofF.oxysporum(AF01,BF05,andDF11)wereselected,whichweredifferentiated 

47 accordingtotheirtef1-sequence(Figure1).IsolateswereculturedonPDBliquidmedium(potatodextrosebroth)and 

48 incubatedat26-28Conashaker(150rpm)foraboutfivedays.Thenthemyceliasuspensionwasfilteredusingtwo 

49 layersofsterilegauzetoseparatetheconidiaandhyphae.Theconidialconcentrationwasdeterminedusinga 
50 hemocytometerandthenadjustedtoaconcentrationof106ml-1forpathogenicitytest. 51 

52  

53 
54 Figure1.F.oxysporumisolatesonPDAmedium.(a)AF01,(b)BF05,and(c)DF11.Firstline:frontview;secondline:reverseview. 

 

Plantmaterial55 

56 Theplantsusedweremembersofthefabaceaefamily,namelyA.crassicarpa,A.auriculiformis,F.moluccana,A. 

57 pauciflorum,P.speciosa,andL.leucocephala,whichwereonemonthold.TheseedlingswereobtainedfromtheForest 

58 CropsResearchInstitute,SouthSumatra.Seedlingsweretransferredinamixedmediumwithcocopeat(1:1)usinga 
59 plasticpotof10cmdiameterand10cmheight,andthenplacedinashadehouse. 

 

60 Pathogenicitytest 
61 Apathogenicitytestwascarriedoutusingrootdipmethod,inwhichtherootswerewashedunderrunningwaterand 

62 thenimmersedin250mlofconidiasuspension(106conidiaml-1)for15minutes.Thecontrolplantswereimmersedin 

63 steriledistilledwater,andtheseedlingsweretransplantedintoplasticpotsandplacedunderahouseshade.Eachisolate 
64 wasinoculatedon25 plantswithfivereplicates (five plantsper-replicate).Then,disease severitywascalculated usingthe 

65 methodofMuslimetal.(2003a)andthediseaseindex (DI)wasclassifiedintofollowinggrades,where0=no 

66 disease/healthyseedling,1=yellowleaves,2=yellowleavesandslightlywilted,3=severewilt,and4=deadseedling 
67 (Bertettietal.2018).Furthermore,plantresponsesweregroupedas,R=resistant(DI=0),MR=moderately 

68 resistant/tolerance(DI=<1),MS=moderatelysusceptible(DI=1.02.0),S=susceptible(DI=2.13.0)andHS=highly 

69 susceptible(DI=3.14.0).Thedevelopmentofdiseasewasobserved121daysafterinoculation. 
 

70 Fusariumoxysporumpopulation 

71 ThepopulationofF.oxysporumintherootswascalculatedattheendoftheexperiment usingthemethodof(Muslim 

72 etal.2003b;Lietal.2008;Horinouchietal.2011)withmodificationstothesurfacesterilizationofsamples.Thenthe 
73 plantsweregroupedaccordingtoseverity(diseasescore)andwashedseparatelyunderrunningwatertoremovesoil 

74 residues.Afterthat,allplantsineachscoreweresurfacesterilisedusing1%sodiumhypochloritefor15minutes,then 

75 rinsedthree timeswithdistilledwater.The samplesandwater(1:100w/v)were homogenisedusingblenderat8000rpm 

76 for10minutes.Thentheywerefilteredusingtwolayersofsterilegauzeanddiluted10to1000times.Thesuspensionwas 

77 spreadonPeptonePCNBagarMedia(PPA/NashSnyderMedium)(LeslieandSummerell2006)intriplicate(fivePetri 

78 dishesperreplication)andincubatedindarkforsevendaysatroomtemperature.Thenumberofcolony-formingunits 
79 (CFU)ofF.oxysporum wascalculatedon thebasisoffreshweightpergramofsampleandgrouped accordingtothelevel 

80 ofdiseasesseverity. 



81 RESULTSANDDISCUSSION 
 

82 Pathogenicitytest 

83 Theresultsshowedthatallthesixforestplantstestedhadsimilarreactiontothepathogen.Sevendaysafter 

84 inoculation,alltheplantsshowedtypicalsymptomsofF.oxysporuminfection,i.e.yellowingofoldestleavesclosestto the 

85 stembase,whichgraduallyprogress toyoungershoots,severewilting,drying,fallingof leaves, andeventuallyplantdie. 

86 Anothersymptomthatappearedwassuddenwiltinganddeathofplantwithoutchangingtheleafcolour,whilecontrol 

87 plantsdidnotshowanysymptoms(Figures27). 88 

89  

90 
91 Figure2.DiseaseindexofAcaciacrassicarpa,(a)fromleft:healthyplantto100%wiltedleaves(score0−4);(b)initialsymptoms: 

92 yellowingfromoldestleaves;(c)advancedsymptoms:fallingleaves;(d)deadplant 

93 

 

 
 

 

 
 

 

 

 
 

 
94 
95 
96 Figure3. Disease index onFalcatariamoluccana,(a) fromleft:healthyplantto100% wiltedleaves(score 0−4);(b)initial symptoms: 

97 yellowingfromoldestleaves;(c)advancedsymptoms:curved,dry,andfallingleaves;(d)deadplant 

98 
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103 
104 
105 
106 

 
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 

 

 
Figure5.DiseaseindexonLeucaenaleucocephala,(a)fromleft:healthyplant to100%wilted leaves(score0−4);(b)initialsymptoms: yellowing 
from oldest leaves; (c) advanced symptoms: curved leaves; (d) yellowing upward 
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108 
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110 

 
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 
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121 

 
 

 
Plantspecies 

Isolatesa) 
 

AF01b)Response c)BF05ResponseDF11Response 
 

 

Acaciacrassicarpa 4.00a HSc) 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 1.52c 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 

124 Valuesfollowedbythesameletterineachrowarenotsignificant. 

125 aDI04,where0=nodisease/healthyseedling,1= yellowleaves,2=yellowleavesandslightlywilted,3=severewilt, 

126 and4=deadseedling. 
127 b)F.oxysporumisolates. 
128 c)Host responsegrouped as:R =resistant(DI=0); MR=moderatelyresistant/tolerance (DI = <1);MS=moderatelysusceptible(DI = 

129 1.02.0);S=susceptible(DI=2.13.0);HS=highlysusceptible(DI=3.14.0)(Bertettietal.2018). 
 

130 Fusariumoxysporumpopulation 

131 ThetotalpopulationofF.oxysporumontherootswasdeterminedbycalculatingtheCFUforeachcategoryof 

132 damage.ForDI4,A.crassicarpaandF.moluccanashowedasignificantlyhigherpopulation(82.00105.10×104CFUg- 

133 1freshweight)thanotherplants.ThelowestpopulationwasrecordedinP.speciosaandA.pauciflorum(3.5712.27× 104 

134 CFUg-1freshweight).ThissamepatternalsooccurredinDI2and3,whilenosamplewasrecordedinA.auriculiformis 
135 forDI2and3.InDI1,thehighestpopulationwasrecordedinF.moluccanaandL.leucocephala,whileA.crassicarpa 

136 andA. auriculiformishadno sampleforDI1. Ininoculatedplants withDI0,the populationwas significantlyhigher inL. 

137 leucocephalaandA.auriculiformisandnosamplewasnotedinA.crassicarpaandF.moluccana(Table2Table3). 

138 TheregressionanalysisresultsshowedthatallplantsexceptP.speciosahadalinearrelationshippatternbetweenthe 
139 increaseindiseasescoreandpopulation.ThepathogenicpopulationonA.crassicarpaandF.moluccanagrewrapidly 

140 along with theincreasein diseasescores,asindicated by themagnitudeofregression gradientcoefficient(m=20.321.3). 

141 However,moderateincreasewasobservedinL.leucocephala(m=11.2)(m=11.2)andveryslowinA.pauciflorum,P. 

142 speciose,andA.auriculiformis(m=2.24.8)(Figure8). 
143 Table3showedthatisolatesweredifferentintef1-α,butthepopulationandDIpatternsweresimilarforeachtestplant.Thecorrelation 

144 betweenthepopulationofpathogen(g-1freshweight)andthe levelofDIweredescribedasfollows:i)highpathogen populationswith 

112 Figure7.DiseaseindexonAcaciaauriculiformis,fromleft:healthyplanttowiltedanddeadplant(score04) 

113  

114 Diseaseseveritywassignificantlyhigherthancontrols.A.crassicarpaandF.moluccanaweremostseverelyaffected 

115 withanaveragescoreof4.00and3.44,respectively.Ontheotherhand,A.pauciflorum,L.leucocephala,andP.speciosa 

116 wereshowedmoderatediseaseseverityi.e.1.96,1.68,and1.80,respectively,whereasA.auriculiformishadthelowest 

117 (0.36)diseaseseverity(Table1).Basedonthediseasescore,hostplantswereclassifiedintothreegroups:i)highly 

118 susceptible(A.crassicarpaandF.moluccana),ii)moderatelysusceptible(A.pauciflorumP.speciosa,andL. 
119 leucocephala),andiii)moderateresistance/tolerance(A.auriculiformis).Resultexhibitedthattherewasnosignificant 

120 differencebetweenthediseaseseverityinthesamehostthathadbeeninoculatedwithdifferentisolates(Table1). 

122 Table1.DiseaseseverityandhostresponsestoFusariumoxysporumisolatedfromAcaciamangium 
123  
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highDI(A.crassicarpaandF.moluccana),ii)moderatepopulationwithmoderateDI(L.leucocephala),iii)lowpopulationwith moderate DI (A. 

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

 
Figure8.RegressionanalysisofdiseasescorerateandF.oxysporumpopulation 



 

 

 

151 Table2.Fusariumoxysporumpopulationonrootineachdiseaseindex 

152   
PopulationofFusariumoxysporum(×104CFU/gfreshweight)a) 

Plantspecies 
0b)1234 

Averagec) 
 

AF01d) 

Acaciacrassicarpa 

 
n.s 

 
n.s 

 
n.s 

 
n.s 

 
85.13ae) 

 
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 

BF05 

2.92a n.s n.s n.s 24.53c 4.65 

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 1.27c 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 0.35c 0.35b 3.37c 4.42c 6.92e 2.19 

Leucaenaleucocephala 5.58a 11.17a 16.53b 36.63b 54.27b 19.69 

Parkiaspeciosa 0.25c 0.48b 1.58c 11.97d 12.27d 5.79 

Acaciaauriculiformis 2.83b n.s n.s n.s 21.28c 5.05 

153 n.s:Nosample,cfu:colonyformingunit 

154 a)F.oxysporumpopulationcalculatedattheendoftheexperiment(21daysafterinoculation). 

155 b)DI04;0=nodisease/healthyseedling;1=yellowleaves;2=yellowleavesandslightlywilted;3=severewilt;and4=deadseedling. 
156 c)AverageofF.oxysporumpopulation(cfu/gfreshweight)=(P0A+P1B+P2C+P3D+P4E)/N;whereP0,P1,P2,P3,andP4=populationofpathogeninscore0,1,2,3,and4:A=numberofplantson score 
157 0;B=numberofplantsonscore1;C=numberofplantsonscore2;D=numberofplantsonscore3;E=numberofplantsonscore4;N=totalnumberofplants. 
158 d)F.oxysporumisolates 

159 e)Valuesfollowedbythesameletterineachrowarenotsignificant. 



160 Table3.Fusariumoxysporumpopulationaverageanddiseasesindexofplant 

161   

 
Plantspecies 

Populationaverage(×104CFU/gfresh 

weight) a) 

AF01c)BF05DF11AF01BF05DF11 

Diseaseindexb) 

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 

162 a)AverageofF. oxysporumpopulation(cfu/gfreshweight)= (P0A+P1B+P2C+P3D+P4E)/N;whereP0,P1,P2,P3,andP4= population 
163 ofpathogeninscore0,1,2,3,and4:A=numberofplantsonscore0;B=numberofplantsonscore1;C=numberofplantsonscore 
164 2;D=numberofplantsonscore3;E=numberofplantsonscore;N=totalnumberofplants. 

165 b)DI 04;0 = nodisease/healthyseedling;1= yellowleaves;2= yellowleavesandslightlywilted; 3=severe wilt;and4 
166 =deadseedling. 
167 c)F.oxysporumisolates. 

168 
 

Discussion169 
170 ArecentstudyreportedanextraordinaryincidenceofseedlingwiltdiseasecausedbyfungalpathogenF.oxysporum 

171 attackingcommercialnurseriesofA.mangiuminSouthSumatra(Solehaetal.2021).Therefore,theinvestigationofanew 

172 hostofthepathogenisanimportantstepintheplantprotectionstrategyforsoil-bornediseases.Hostrangetestsalso 
173 provideinformationaboutplantspeciesthathavethepotentialtobecomealternativehostsormainhostsforthepathogen 

174 (Sampaioetal.2021). 

175 TheresultsindicatedthatF.oxysporum,whichcausesvascularwiltinA.mangiumnursery,canalsoinfectfabaceae 

176 plantswithvarioushostresponses.A.crassicarpaandF.moluccanawerehighlysusceptible,whileA.pauciflorum,L. 

177 leucocephala,andP.speciosaweremoderatelyvulnerable,andA.auriculiformiswasmoderatelyresistant.Pathogen 

178 causedwiltingsymptomsinalltestplantspecieswithDIof4.00.AlthoughDIwaslower(0.36)inA.auriculiformis,butit 
179 hadthepotentialtodamageplants.F.oxysporumabletoinfectplantsevenwithalowDI,causingthedeathofcultivars. 

180 Moreover,whenaplantisgrownincontaminatedsoil,thereisahighriskofdamagetocrops.Asimilarincidentwas 

181 reportedbyPastranaetal.(2017)inwhichF.oxysporumfromblackberryalsocausedsuddendeathinstrawberries. 

182 Another study also revealed thatF. oxysporum from cactus causes root and stem rot diseasesinEuphorbia (Bertetti et al. 
183 2017). 

184 Theresultsrevealedthatseveraltypesofplantsbelongingtothefabaceaefamilyhadgreatpotentialtobecomean 

185 alternativehostsandevenmainhostforF.oxysporumwhenplantedinthesamefield.Widespreadofthispathogenmay 

186 allowinteractionwithnewplants(Edel-HermannandLecomte2019;Sampaioetal.2021).Moreover,theplantingofnew 

187 speciesaffectedtheoccurrenceofnewoutbreaksbecausethepathogenicstrainsadaptedtothesoilandhadbecame 

188 virulent(Sampaioetal.2021;StukenbrockandMcDonald2008).Furthermore,nurseryactivitiesthatusecontaminated 

189 soilrepeatedlyalsotriggeredthepathogensproliferationandadaptationtootherplants. 
190 ThepathogenpopulationinA.crassicarpaandF.moluccanagrewveryrapidlywithincreasingdiseasescores,while 

191 inL.leucocephalagrewmoderately,andA.pauciflorum,P.speciose,andA.auriculiformisgrewslowly.Inthisstudy,the 

192 populationofF.oxysporumonhighlysusceptibleplants(A.crassicarpaandF.moluccana)wassignificantlyhigherthan 

193 otherplantsforeachdiseasescore.Thispatterniscommonwherethepopulationofpathogenisalsohigherwithdisease 

194 scores(Scottetal.2014).deBorbaetal.(2017)reportedthatsusceptiblelettucecultivarsshowedhighFusarium 

195 populationlevel andvulnerable blackbeangenotype showeda populationlevelof 15.4×105 CFU g1.The second pattern 

196 wasobservedonL.leucocephala,wherethepopulationofpathogenwasalsomoderatewithamoderatediseasesscore. 

197 Thesimilarresultwasalsooccurredingarlicwithadiseaseseverityof44%duetoFusariumspp.infection,whichshowed 
198 amoderatenumberofpathogensonroots(Molinero-Ruizetal.2011). 

199 AspecialpatternoccurredonA.paucifloruminwhichF.oxysporumcausedamoderateinfection,butthepathogen 

200 populationwaslow.Thismightbeduetotheplantdefencemechanism.Scottetal.(2014)reportedthatresistantpepper 

201 plantsalsosupportpathogendevelopmentinroots,evenwithoutexternalsymptoms.Similarphenomenawasreportedby 

202 Muslimetal.(2003a)whonotedthatsometomatoplantsareinfectedmoderately(score12)byF.oxysporumf.sp. 

203 lycopersici,butthepopulationwaslowerthanotherplantsinsamescore. 

204 TheinfectionandtotalpopulationonParkiaspeciosaandA.auriculiformiswaslower.Thisindicatedthatplants 
205 belongedtotheresistantplantgroup.Fangetal.(2012)reportedthatwhenresistantstrawberryplantswereinoculatedwith 
206 F.oxysporumf.sp.fragariae,thecultivarformedabarrierwithaccumulatedphenoliccellsinthehypodermallayerthat 

207 effectivelylimitsthepathogencolonisationandpreventtheinvasionofrootvasculartissue.Ifthetissuepenetrationby 

208 hyphaewaslimitedtotheepidermis,thenthepathogensdonotreachthevasculartissue.VanDenBergetal.(2007) 

209 reportedthatbananaclones toleranttoF.oxysporumf.sp.cubensecorrespond withthis,withasignificantincreaseinthe 



210 inductionofcellwall-associatedphenoliccompounds.Jiménez-Fernándezetal.(2013)alsoreportedthatFusarium 

211 oxysporumf.sp.cicerisrace0remainedintheintercellularspaceofrootcortexandfailedtoreachxyleminresistant 
212 chickpeacultivars. 

213 Inthisstudy,A.crassicarpaandF.moluccanawereproventobeanalternativehostofF.oxysporum.WhereasL. 

214 leucocephala,A.pauciflorum,P.speciosa,andA.auriculiformishadpotentialasalternativehosts.Manyplantsof 

215 fabaceaefamilywasattackedbyformaespecialisF.oxysporum,suchasVignaangularis(F.oxysporumf.sp.adzukicola), 

216 Cicerarietinum,Cicerspp.(F.oxysporumf.sp.ciceris),Acaciaspp.(F.oxysporumf.sp.koae),Lensculinaris,L. 
217 esculenta(F.oxysporumf.sp.lentis),Medicagosativa(F.oxysporumf.sp.medicaginis),Phaseolusvulgaris, P. 
218 coccineus(F.oxysporumf.sp.phaseoli),Pisumsativum,Cicerarietinum(F.oxysporumf.sp.pisi)(Edel-Hermannand 

219 Lecomte2019).However,inthisstudy,F.oxysporumisolatedfromA.mangiumhasawidehostrangefromfabaceae 

220 family;therefore,itisnotclassifiedasformaespecialis. 

221 In conclusion,F.oxysporumisolated fromA. mangiumcausesinfection in severaltypesof forestand industrial plants. 

222 Sinceithasawidehostrange,itisnotclassifiedaspartoftheformaespecialisgroup. 
 

 

223 ACKNOWLEDGEMENT 
 

224 ThisresearchwasfundedbytheDirectorateGeneralofResearchandDevelopment,MinistryofResearch, Technology 

225 andHigherEducationthrough thePMDSUscholarship2020-2021accordingtotheDirectorofResearchandCommunity 

226 Service,AhmadMuslim,withthenumber0124/UN9/SB3.LP2M.PT/2020. 

 

 

227 REFERENCES 
 

228 AsifMJ,GovenderNT,AngLH,RatnamW.2017.GrowthperformanceandlignincontentofAcaciamangiumWilld. and 

229 AcaciaauriculiformisA.Cunn.exBenth.undernormalandstressedconditions.JForSci63:381–392. 230

 https://doi.org/10.17221/100/2015-JFS 

231 Bertetti D,OrtuG,GullinoML,GaribaldiA. 2017.IdentificationofFusariumoxysporumf.sp.opuntiarumon newhosts 

232 oftheCactaceaeandEuphorbiaceaefamilies.JPlantPathol99:347–354. 

233 BertettiD,GullinoML,GaribaldiA.2018.SusceptibilityofsomePapaveraceaeplantstoFusariumoxysporumf.sp. 234 
 papaveris. J Plant Dis Prot 125: 103–108. https://doi.org/10.1007/s41348-017-0095-7 

235 BorgesRCF,MacedoMA,CabralCS,RossatoM,FontesMG,SantosMDM,FerreiraMA,Fonse=aMEN,ReisA, 

236 BoiteuxLS.2018.Vascularwiltofteak(Tectonagrandis)causedbyFusariumoxysporuminBrazil. 

237 PhytopathologyMediterranea57:115–121.https://doi.org/10.14601/Phytopathol 
238 BurkhardtA,HenryPM,KoikeST,GordonTR,MartinF.2019.DetectionofFusariumoxysporumf.sp.fragariaefrom 

239 infectedstrawberryplants.PlantDis103:1006–1013.https://doi.org/10.1094/PDIS-08-18-1315-RE 

240 deBorbaMC,Garcés-FiallosFR,StadnikMJ.2017.Reactionsofblackbeanseedlingsandadultplantstoinfectionby 
241 Fusariumoxysporumf.sp.phaseoli.JCropProt96:221–227.https://doi.org/10.1016/j.cropro.2017.02.019 

242 Edel-Hermann V, Lecomte C. 2019. Current status ofFusarium oxysporum formae speciales and races. Phytopathology 

243  109: 512–530. https://doi.org/10.1094/PHYTO-08-18-0320-RVW 

244 FangX,KuoJ,YouMP,FinneganPM,BarbettiMJ.2012.Comparativerootcolonisationofstrawberrycultivars 
245 Camarosa and Festival by Fusarium oxysporum f. sp. fragariae. Plant and Soil 358: 75–89. 

246 https://doi.org/10.1007/s11104-012-1205-8 

247 IgnjatovM,MilosevicD,NikolicZ,Gvozdanovic-VargaJ,JovicicD,ZdjelarG.2012.Fusariumoxysporumasacausal 

248 agentoftomatowiltandfruitrot.PesticPhytomed27:25–31.https://doi.org/10.2298/pif1201025i 

249 JacobsA,VanHeerdenSW.2012.FirstreportofFusariumoxysporumf.sp.radicis-lycopersiciinSouthAfrica.Australas 250 

 Plant Dis Notes 7: 29–32. https://doi.org/10.1007/s13314-011-0039-1 

251 Jiménez-FernándezD,LandaBB,KangS,Jiménez-DíazRM,Navas-CortésJA.2013.QuantitativeandMicroscopic 
252 AssessmentofCompatibleandIncompatibleInteractionsbetweenChickpeaCultivarsandFusariumoxysporumf. 

253 sp.cicerisRaces.PLoSONE8:1-14.https://doi.org/10.1371/journal.pone.0061360 

254 JoshiR.2018.AreviewofFusariumoxysporumonitsplantinteractionandindustrialuse.JMedPlantsStud6:112–115. 

255 KoutikaL,RichardsonDM.2019.AcaciamangiumWilld:benefitsandthreatsassociatedwithitsincreasingusearound 

256 theworld.ForEcosyst6:1–13. 
257 KoyyappurathS,AtuahivaT,LeGuenR,BatinaH,LeSquinS,GautheronN,EdelHermannV,PeribeJ,JahielM, 
258 Steinberg C,LiewECY,AlabouvetteC, BesseP, Dron M,Sache I,Laval V,GrisoniM.2016.Fusarium oxysporum 

259 f.sp.radicis-vanillaeisthecausalagentofrootandstemrotofvanilla.PlantPathol65:612–625. 260

 https://doi.org/10.1111/ppa.12445 

261 LeslieJF,SummerellBA.2006.TheFusariumLaboratoryManual.BlackwellPublishing,Oxford. 
262 Luo X, Yu C. 2020. First report of damping-off disease caused byFusarium oxysporum inPinus massoniana in China. J 

263  Plant Dis Prot 127: 401–409. https://doi.org/10.1007/s41348-020-00303-3 



264 Matsumura,Naoto.2011.YieldPredictionforAcaciamangiumPlantationsinSoutheastAsia.Formath10:295–308. 

265 Molinero-RuizL,Rubio-PérezE,González-DomínguezE,Basallote-UrebaMJ.2011.AlternativeHostsforFusariumspp. 
266 Causing Crown and Root Rot of Asparagus in Spain. J Phytopathol 159: 114–116. https://doi.org/10.1111/j.1439-

267 0434.2010.01723.x 

268 MuslimA,HorinouchiH,HyakumachiM.2003a.BiologicalcontrolofFusariumwiltoftomatowithhypovirulent 

269 binucleateRhizoctoniaingreenhouseconditions.Mycoscience44:77–84.https://doi.org/10.1007/s10267-002-0084- 

270 x 
271 MuslimA,HorinouchiH,HyakumachiM.2003b.Controloffusariumcrownandrootrotoftomatowithhypovirulent 
272 binucleate Rhizoctonia in soil and rock wool systems. Plant Dis 87: 739–747. 

273 https://doi.org/10.1094/PDIS.2003.87.6.739 

274 PastranaAM,KirkpatrickSC,KongM,BroomeJC,GordonTR.2017.Fusariumoxysporumf.sp.mori,anewforma 

275 specialiscausingfusarium wilt ofblackberry. Plant Dis 101: 2066–2072. https://doi.org/10.1094/PDIS-03-17-0428- 

276 RE 
277 Rana A, Sahgal M, Johri BN. 2017.Fusarium oxysporum: Genomics, diversity and plant-host interaction. Develop Fung 

278  Biol & Applied Mycol: 159–199. https://doi.org/10.1007/978-981-10-4768-8_10 

279 Rooney-LathamS,BlomquistCL.2011.FirstReportofFusariumWiltCausedbyFusariumoxysporumf.sp.passiflorae 

280 onPassionFruitinNorthAmeriea.PlantDis95:1478https://doi.org/10.1094/PDIS-03-11 

281 SampaioAM,RubialesD,VazPattoMC.2021.GrasspeaandpeaphylogeneticrelatednessreflectedatFusarium 

282 oxysporumhostrange.JCropProt141:18105495.https://doi.org/10.1016/j.cropro.2020.105495 

283 ScottJC,McrobertsDN,GordonTR.2014.ColonizationoflettucecultivarsandrotationcropsbyFusariumoxysporumf. 

284 sp.lactucae,thecauseoffusariumwiltoflettuce.JPlantPathol63:548–553.https://doi.org/10.1111/ppa.12135 
285 SolehaS,MuslimA,SuwandiS,KadirS, PratamaR.2021.The identificationandpathogenicityofFusariumoxysporum 

286 causingacaciaseedlingwiltdisease.JForRes.https://doi.org/10.1007/s11676-021-01355-3 

287 StewartJE,AbdoZ,DumroeseRK,KlopfensteinNB,KimM.2011.VirulenceofFusariumoxysporumandFusarium 

288 communetoDouglas-fir(Pseudotsugamenziesii)seedlings.ForPathol:1–9.https://doi.org/10.1111/j.1439- 289
 0329.2011.00746.x 

290 Stukenbrock EH,McDonaldBA.2008.Theoriginsofplantpathogensinagro-ecosystems.AnnuRevPhytopathol46:75– 291

  100. https://doi.org/10.1146/annurev.phyto.010708.154114 

292 TaylorA,ArmitageAD,HandyC,JacksonAC,HulinMT,HarrisonRJ,ClarksonJP.2019.BasalRotofNarcissus: 

293 Understanding Pathogenicity in Fusarium oxysporum f. sp. narcissi. Front Microbiol 10: 1-17 

294 https://doi.org/10.3389/fmicb.2019.02905 

295 Van DenBergN, BergerDK,HeinI, Birch PRJ,WingfieldMJ,ViljoenA. 2007.Tolerance in banana to Fusariumwiltis 
296 associatedwithearlyup-regulationofcellwall-strengtheninggenesintheroots.MolPlantPathol8:333–341. 297

 https://doi.org/10.1111/j.1364-3703.2007.00389.x 

298 WidyastutiSM,TasikS,Harjono.2013.TheinfectionprocessofFusariumoxysporumfungus:Acauseofdamping-off on 

299 Acaciamangiumseedlings.Agrivita35:110–118.https://doi.org/10.17503/Agrivita-2013-35-2-p110-118 

300 ZhangL,SongJ,ShenJ,TanG,LiS,DingF.2013.FirstReportofStemCankeronPhoenixTrees(Firmianasimplex) 
301 CausedbyFusariumoxysporuminChina.JPhytopathol161:128–130.https://doi.org/10.1111/jph.12033 302 

 
 

303 
 

304 



 

 

 

 

 

 

 

 

PROOFREAD 

AND 

PUBLISHING 

PROCESS 



https://smujo.id/biodiv/authorDashboard/submission/9450 1/3  

Review 

13/01/2216.32 AHMADMUSLIM,HostrangestudiesofFusariumoxysporum,causalagentofseedlingwiltdiseaseofAcaciamangium 

 

BBiiooddiivveerrssiittaassJJoouurrnnaallooffBBiioollooggiiccaallDDiivveerrssiittyy TTaasskkss 3 EEnngglliisshh VViieewwSSiittee aammuusslliimm 

 

 

9450/SOLEHAetal./Hostrangestudies ofFusariumoxy… Library 

 

 

 

SSuubbmmiissssiioonnss 

 

 

Submission Copyediting 

 

Production 

 

 

 

Round1 Round2 Round3 Round4 

 

Round5 

 

 

 

 

Notifications 
 

[biodiv]EditorDecision 2021-11-17 06:12AM 

[biodiv]EditorDecision 2021-11-28 11:26PM 

[biodiv]EditorDecision 2021-12-04 05:51AM 

[biodiv]EditorDecision 2021-12-16 03:36AM 

[biodiv]EditorDecision 2021-12-16 01:09PM 

 

 
 

Reviewer'sAttachments Search  

 
NoFiles 

Publication Workflow 

 

Round5Status 

Submissionaccepted. 



https://smujo.id/biodiv/authorDashboard/submission/9450 2/3  

Revisions Search UploadFile 

13/01/2216.32 AHMADMUSLIM,HostrangestudiesofFusariumoxysporum,causalagentofseedlingwiltdiseaseofAcaciamangium 

 

BBiiooddiivveerrssiittaassJJoouurrnnaallooffBBiioollooggiiccaallDDiivveerrssiittyy TTaasskkss 3 EEnngglliisshh VViieewwSSiittee aammuusslliimm 

 

NoFiles 

 

 

 

 

ReviewDiscussions Adddiscussion 

 

Name From LastReply Replies Closed 
 

Manuscript amuslim - 0 

 

 

Revision 2021-11-26    

9450- 01:25 AM    

52530-1-5-     

20211117     

Manuscript amuslim - 0 

 

 

Revision A- 2021-12-01    

9450- 02:41 PM    

Article     

Text-     

53137-1-4-     

20211126     

Manuscript amuslim - 0 

 

 

Revision A- 2021-12-05    

9450- 03:01 PM    

Article     

Text-     

53474-1-4-     

20211201     

Uncorrected dewinurpratiwi amuslim 2 

 

 

Proof 2021-12-07 2021-12-09   

 09:17 AM 05:19 AM   

BILLING dewinurpratiwi dewinurpratiwi 2 

 

 

 2021-12-07 2021-12-08   

 09:38 AM 04:07 AM   



https://smujo.id/biodiv/authorDashboard/submission/9450 3/3  

13/01/2216.32 AHMADMUSLIM,HostrangestudiesofFusariumoxysporum,causalagentofseedlingwiltdiseaseofAcaciamangium 

BBiiooddiivveerrssiittaassJJoouurrnnaallooffBBiioollooggiiccaallDDiivveerrssiittyy TTaasskkss 3 EEnngglliisshh VViieewwSSiittee aammuusslliimm 



https://mail.google.com/mail/u/2/?ik=88efc1cb30&view=pt&search=all&permthid=thread-f%3A1718478384526029179&simpl=msg-f%3A1718478… 1/2  

13/01/2216.27 SriwijayaUniversityMail-[biodiv]NewnotificationfromBiodiversitasJournalofBiologicalDiversity 

 
 

a.muslimunsri<a_muslim@unsri.ac.id> 

 
 

[biodiv]NewnotificationfromBiodiversitasJournalofBiologicalDiversity 
5messages 

 

DEWI NUR PRATIWI <smujo.id@gmail.com> Tue, Dec 7, 2021 at 4:18 PM 

Reply-To: Ahmad Dwi Setyawan <editors@smujo.id> 

To:AhmadMuslim<a_muslim@unsri.ac.id> 

 
YouhaveanewnotificationfromBiodiversitasJournalofBiologicalDiversity: 

 
You have been added to a discussion titled "Uncorrected Proof" regarding the submission "Host Range Studies of 

Fusarium oxysporum, the Causal Agent of Seedling Wilt Disease of Acacia mangium Willd.". 

 
Link: https://smujo.id/biodiv/authorDashboard/submission/9450 

Ahmad Dwi Setyawan 

 

BiodiversitasJournalofBiologicalDiversity 

 
 

DEWI NUR PRATIWI <smujo.id@gmail.com> Tue, Dec 7, 2021 at 4:38 PM 

Reply-To: Ahmad Dwi Setyawan <editors@smujo.id> 
To:AhmadMuslim<a_muslim@unsri.ac.id> 

 
YouhaveanewnotificationfromBiodiversitasJournalofBiologicalDiversity: 

 
You have been added to a discussion titled "BILLING" regarding the submission "Host Range Studies of Fusarium 

oxysporum, the Causal Agent of Seedling Wilt Disease of Acacia mangium Willd.". 

[Quotedtexthidden] 

 

a. muslim unsri <a_muslim@unsri.ac.id> Wed, Dec 8, 2021 at 11:03 AM 

To: Ahmad Dwi Setyawan <editors@smujo.id> 

 

DearEditorinChief 

BiodiversitasJournalofBiologicalDiversity 
 

Here we attach proof of payment of the Journal on behalf of Ahmad Muslim, Soleha, Suwandi, 

Sabaruddin Kadir, and Rahmat Pratama entitled Host Range Studies ofFusariumoxysporum, the Causal 

Agent of Seedling Wilt Disease of Acacia mangium Willd. 

Pleasefeelfreetocontactmeifyouneedanyadditionalinformationorclarification. Thank you 
very much for your excellent cooperation 

Sincerely, 
AhmadMuslim 
Senior lecturer 
FacultyofAgriculture,SriwijayaUniversity 
Jl.Palembang-PrabumulihKm.32,Indralaya,Palembang,Indonesia E-

mail: a_muslim@unsri.ac.id 

[Quotedtexthidden] 

 

HostRangeStudiesofFusariumoxysporum,theCausalAgentofSeedlingWiltDiseaseofAcacia 

mailto:a_muslim@unsri.ac.id
mailto:smujo.id@gmail.com
mailto:editors@smujo.id
mailto:a_muslim@unsri.ac.id
mailto:smujo.id@gmail.com
mailto:editors@smujo.id
mailto:a_muslim@unsri.ac.id
mailto:a_muslim@unsri.ac.id
mailto:editors@smujo.id
mailto:a_muslim@unsri.ac.id


https://mail.google.com/mail/u/2/?ik=88efc1cb30&view=pt&search=all&permthid=thread-f%3A1718478384526029179&simpl=msg-f%3A1718478… 2/2  

13/01/2216.27 SriwijayaUniversityMail-[biodiv]NewnotificationfromBiodiversitasJournalofBiologicalDiversity 

mangium Willd..pdf 
528K 

 

1. Bukti konfirmasi pembayaran jurnal 
 

a. muslim unsri <a_muslim@unsri.ac.id> Wed, Dec 8, 2021 at 3:43 PM 

To: Ahmad Dwi Setyawan <editors@smujo.id> 

 

Dear 
Dr.AhmadDwiSetyawan Managing 
Editor 

 

Thank you for accepting our journal to be published on Biodiversitas. We have revised our journal by 
enablingtrackchangeinMicrosoftWordandhighlightinganyrevisionsmade.Thankyouverymuchfor your 

consideration of the manuscript and excellent cooperation 

 

Sincerely, 
AhmadMuslim 
Senior lecturer 
FacultyofAgriculture,SriwijayaUniversity 
Jl.Palembang-PrabumulihKm.32,Indralaya,Palembang,Indonesia E-
mail: a_muslim@unsri.ac.id 
[Quotedtexthidden] 

 

Host range studies of Fusarium oxysporum, causal agent of seedling wilt disease of Acacia 

mangium.doc 

1565K 

 

a. muslim unsri <a_muslim@unsri.ac.id> Mon, Dec 13, 2021 at 3:47 PM 

To: Ahmad Dwi Setyawan <editors@smujo.id> 

 

DearEditorinChief 

BiodiversitasJournalofBiologicalDiversity 

 

 
We have sended attach proof of payment (attachment file) on Dec 8, 2021 for our journal entitled: Host 
Range Studiesof Fusariumoxysporum,the Causal Agentof Seedling Wilt Diseaseof Acacia mangium 
Willd by Soleha, Ahmad Muslim, Suwandi, Sabaruddin Kadir, and Rahmat Pratama. 

Inordertocompletetherequirementdocumentfordoctor program, could you please send us an accepted letter 
for our manuscript. 

Wewillbesohappyifwecanaccepttheacceptanceletterassoonaspossible. Thank you 

very much for your kindness and excellent cooperation 

 

Sincerely, 
AhmadMuslim 
Senior lecturer 
FacultyofAgriculture,SriwijayaUniversity 

Jl.Palembang-PrabumulihKm.32,Indralaya,Palembang,Indonesia 

E-mail:a_muslim@unsri.ac.id 
[Quotedtexthidden] 

 

Host Range Studies of Fusarium oxysporum, the Causal Agent of Seedling Wilt Disease of Acacia 

mangium Willd. (1).pdf 

528K 

mailto:a_muslim@unsri.ac.id
mailto:editors@smujo.id
mailto:a_muslim@unsri.ac.id
mailto:a_muslim@unsri.ac.id
mailto:editors@smujo.id
mailto:a_muslim@unsri.ac.id


Uncorrected Proof 
BIODIVERSITAS ISSN:1412-033X 

Volume23,Number1,January2022 E-ISSN:2085-4722 
Pages:xxxx DOI:10.13057/biodiv/d2301xx 

 

 

 

HostrangestudiesofFusariumoxysporum,causalagentofseedlingwilt disease 

of Acacia mangium 

 
SOLEHASOLEHA1,AHMADMUSLIM2,,SUWANDISUWANDI2,SABARUDDINKADIR3,RAHMAT 

PRATAMA1 
1ProgramofAgricultureSciences,FacultyofAgriculture,UniversitasSriwijaya.Jl.IndralayaIndah,Indralaya,OganIlirRegency,SumatraSelatan,Indonesia 
2DepartmentofPlantProtection,FacultyofAgriculture,UniversitasSriwijaya.Jl.IndralayaIndah,Indralaya,OganIlirRegency,SumatraSelatan,Indonesia, 

Tel./fax. +62-896-3874-9695 email: a_muslim@unsri.ac.id 
3DepartmentofSoilSciences,FacultyofAgriculture,UniversitasSriwijaya,Jl.IndralayaIndah,Indralaya,OganIlirRegency,SumatraSelatan,Indonesia 

 

Manuscriptreceived:xxx.Revisionaccepted:xxxDecember2021. 

 

 
Abstract.SolehaS,MuslimA,SuwandiS,KadirS,PratamaR.2021.HostrangestudiesofFusariumoxysporum,causalagentof 
seedlingwiltdiseaseof Acaciamangium.Biodiversitas 23:xxxx.Fusariumoxysporumisaseriouspathogen thatcausesseverewilt 
diseaseincommercialnurseriesofAcaciamangiuminSouthSumatra.ThisstudyaimedtoinvestigatethehostrangeofF.oxysporumas a nursery 
wilt pathogen inA. mangium and several forest and industrial plants. Three isolatesofF. oxysporum with different translation 
elongationfactor(tef1- )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(AF01, BF05, 

and DF11) were selected, which were differentiated 

accordingtotheir tef1-sequence(Figure1).Isolates 

wereculturedonPDBliquidmedium(potatodextrose broth) 

and incubated at 26-28C 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 106 

ml-1 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) 

usingaplasticpotof10cmdiameterand10cmheight,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 
(106 conidia ml-1) 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 = 1.02.0), S = 

susceptible(DI = 2.13.0) andHS= highly susceptible(DI 

=3.14.0).Thedevelopmentofdiseasewasobserved121 

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 to1000 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. 

 
 

 
 

 
Figure1.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 



Figure7.DiseaseindexonAcaciaauriculiformis,fromleft:healthyplanttowiltedanddeadplant(score04)  
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Figure5.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 
 



Figure8.RegressionanalysisofdiseasescorerateandF.oxysporumpopulation  
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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). 

 
Table1.DiseaseseverityandhostresponsestoFusariumoxysporumisolatedfromAcaciamangium 

 

Plantspecies 
Isolatesa)

 

AF01b) Responsec) BF05 Response DF11 Response 
Acaciacrassicarp 4.00a HSc) 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 2.16bc S 
Acaciaauriculiformi 0.36d MR 0.40 MR 0.60d MR 

Valuesfollowedbythesameletterineachrowarenotsignificant. 
aDI 04, where 0 = no disease/healthy seedling, 1 = yellow leaves, 2 = yellow leaves and slightly wilted, 3 = severe wilt, and 4 = dead 
seedling. 
b)F.oxysporumisolates. 
c) Host response grouped as: R = resistant (DI = 0); MR = moderately resistant/tolerance (DI = <1); MS = moderately susceptible (DI = 

1.02.0); S = susceptible (DI = 2.13.0); HS = highly susceptible (DI = 3.14.0) (Bertetti et al. 2018). 
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Table2.Fusariumoxysporumpopulationonrootineachdiseaseindex 
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Plantspecies 
PopulationofFusariumoxysporum(×104CFU/gfreshweight)a) 

Averagec) 

0b) 1 2 3 4 
AF01d)  

Acaciacrassicarpa n s n.s n.s n.s 8513 ae) 8513 

Falcatariamoluccan n. 1777 2277 a 6098 a 9187 a 7650 
Archidendronpaucifloru 045b 110b 322b 815b 1253 cd 5 06 
Leucaenaleucocephal 617a 1810 a 2093 a n.s 5167b 2213 
Parkiaspecios 032b 045b 258b 727b 357d 2 16 
Acaciaauriculiformi 292a n. n. n. 2453 c 4 65 
BF05       

Acaciacrassicarp n. n. 5180 a 7208 a 10510 9261 
Falcatariamoluccan n. 1322 1532b 4033b 6167b 4385 

Archidendronpaucifloru 047c 063b 173c 688c 990d 3 60 
Leucaenaleucocephal 467a 902a 1232b 2932b n. 1116 
Parkiaspecios 0 48 057b 1 27 233d n. 0 87 
Acaciaauriculiformis 255b n.s n s n.s 2043 c 3 98 

DF11       

Acaciacrassicarp n. n. n. 6192 a 8200 a 8120 
Falcatariamoluccan n.s 1250 a 2747 a 5493 a 7300 a 4793 

Archidendronpaucifloru 0 35 035b 3 37 4 42 6 92 2 19 
Leucaenaleucocephal 558a 1117 1653b 3663b 5427b 1969 
Parkiaspecios 025c 048b 158c 1197d 1227d 5 79 
Acaciaauriculiformi 283b n. n. n. 2128 c 5 05 

n.s:Nosample,cfu:colonyformingunit 
a)F.oxysporumpopulationcalculatedattheendoftheexperiment(21daysafterinoculation). 
b)DI04;0=nodisease/healthyseedling;1=yellowleaves;2=yellowleavesandslightlywilted;3=severewilt;and4=deadseedling. 
c)AverageofF.oxysporumpopulation(cfu/gfreshweight)=(P0A+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 score1; C =number ofplantson score2; D =number ofplantson score3; E = number ofplantson score4; N = totalnumber of plants. 
d)F.oxysporumisolates 
e)Valuesfollowedbythesameletterineachrowarenotsignificant. 
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Table3.Fusariumoxysporumpopulationaverageanddiseasesindexofplant 

 

Populationaverage(×104CFU/gfresh 

 

 

Diseaseindexb) 
Plantspecies weight)a) 

 AF01c) BF05 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 5 06 3.60 2.19 1.96 1.88 1.40 
Leucaenaleucocephal 2213 1116 1969 1.52 1.56 1.68 
Parkiaspecios 2 16 0.87 5.79 1.80 1.04 2.16 
Acaciaauriculiformi 4 65 3.98 5.05 0.36 0.40 0.60 

a)Average ofF. oxysporum population (cfu/g fresh weight) = (P0A+P1B+P2C+P3D+P4E)/N; where P0, 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. 
b)DI 04; 0 = no disease/healthy seedling; 1 = yellow leaves; 2 = yellow leaves and slightly wilted; 3 = severe wilt; and 4 = dead 
seedling. 
c)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 

withalowDI,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 

showedapopulationlevelof15.4×105CFUg1.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 

(score12)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-Fernándezet 

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 ofF.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.HostrangestudiesofFusariumoxysporum,causalagentof 
seedlingwiltdiseaseof Acaciamangium.Biodiversitas 23:xxxx.Fusariumoxysporumisaseriouspathogen thatcausesseverewilt 
diseaseincommercialnurseriesofAcaciamangiuminSouthSumatra.ThisstudyaimedtoinvestigatethehostrangeofF.oxysporumas a nursery 
wilt pathogen inA. mangium and several forest and industrial plants. Three isolatesofF. oxysporum with different translation 
elongationfactor(tef1- )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. 

mailto:a_muslim@unsri.ac.id
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MATERIALSANDMETHOD 

 

Fungalisolates 

Threepathogenicisolatesof F.oxysporum(AF01, BF05, 

and DF11) were selected, which were differentiated 

accordingtotheir tef1-sequence(Figure1).Isolates 

wereculturedonPDBliquidmedium(potatodextrose broth) 

and incubated at 26-28C 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 106 

ml-1 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) 

usingaplasticpotof10cmdiameterand10cmheight,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 
(106 conidia ml-1) 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 = 1.02.0), S = 

susceptible(DI = 2.13.0) andHS= highly susceptible(DI 

=3.14.0).Thedevelopmentofdiseasewasobserved121 

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 to1000 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. 

 
 

 
 

 
Figure1.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 



Figure7.DiseaseindexonAcaciaauriculiformis,fromleft:healthyplanttowiltedanddeadplant(score04)  
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Figure5.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 
 



Figure8.RegressionanalysisofdiseasescorerateandF.oxysporumpopulation  
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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). 

 
Table1.DiseaseseverityandhostresponsestoFusariumoxysporumisolatedfromAcaciamangium 

 

Plantspecies 
Isolatesa)

 

AF01b) Responsec) BF05 Response DF11 Response 
Acaciacrassicarp 4.00a HSc) 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 2.16bc S 
Acaciaauriculiformi 0.36d MR 0.40 MR 0.60d MR 

Valuesfollowedbythesameletterineachrowarenotsignificant. 
aDI 04, where 0 = no disease/healthy seedling, 1 = yellow leaves, 2 = yellow leaves and slightly wilted, 3 = severe wilt, and 4 = dead 
seedling. 
b)F.oxysporumisolates. 
c) Host response grouped as: R = resistant (DI = 0); MR = moderately resistant/tolerance (DI = <1); MS = moderately susceptible (DI = 

1.02.0); S = susceptible (DI = 2.13.0); HS = highly susceptible (DI = 3.14.0) (Bertetti et al. 2018). 
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Plantspecies 
PopulationofFusariumoxysporum(×104CFU/gfreshweight)a) 

Averagec) 

0b) 1 2 3 4 
AF01d)  

Acaciacrassicarpa n s n.s n.s n.s 8513 ae) 8513 

Falcatariamoluccan n. 1777 2277 a 6098 a 9187 a 7650 
Archidendronpaucifloru 045b 110b 322b 815b 1253 cd 5 06 
Leucaenaleucocephal 617a 1810 a 2093 a n.s 5167b 2213 
Parkiaspecios 032b 045b 258b 727b 357d 2 16 
Acaciaauriculiformi 292a n. n. n. 2453 c 4 65 
BF05       

Acaciacrassicarp n. n. 5180 a 7208 a 10510 9261 
Falcatariamoluccan n. 1322 1532b 4033b 6167b 4385 

Archidendronpaucifloru 047c 063b 173c 688c 990d 3 60 
Leucaenaleucocephal 467a 902a 1232b 2932b n. 1116 
Parkiaspecios 0 48 057b 1 27 233d n. 0 87 
Acaciaauriculiformis 255b n.s n s n.s 2043 c 3 98 

DF11       

Acaciacrassicarp n. n. n. 6192 a 8200 a 8120 
Falcatariamoluccan n.s 1250 a 2747 a 5493 a 7300 a 4793 

Archidendronpaucifloru 0 35 035b 3 37 4 42 6 92 2 19 
Leucaenaleucocephal 558a 1117 1653b 3663b 5427b 1969 
Parkiaspecios 025c 048b 158c 1197d 1227d 5 79 
Acaciaauriculiformi 283b n. n. n. 2128 c 5 05 

n.s:Nosample,cfu:colonyformingunit 
a)F.oxysporumpopulationcalculatedattheendoftheexperiment(21daysafterinoculation). 
b)DI04;0=nodisease/healthyseedling;1=yellowleaves;2=yellowleavesandslightlywilted;3=severewilt;and4=deadseedling. 
c)AverageofF.oxysporumpopulation(cfu/gfreshweight)=(P0A+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 score1; C =number ofplantson score2; D =number ofplantson score3; E = number ofplantson score4; N = totalnumber of plants. 
d)F.oxysporumisolates 
e)Valuesfollowedbythesameletterineachrowarenotsignificant. 
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Table3.Fusariumoxysporumpopulationaverageanddiseasesindexofplant 

 

Populationaverage(×104CFU/gfresh 

 

 

Diseaseindexb) 
Plantspecies weight)a) 

 AF01c) BF05 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 5 06 3.60 2.19 1.96 1.88 1.40 
Leucaenaleucocephal 2213 1116 1969 1.52 1.56 1.68 
Parkiaspecios 2 16 0.87 5.79 1.80 1.04 2.16 
Acaciaauriculiformi 4 65 3.98 5.05 0.36 0.40 0.60 

a)Average ofF. oxysporum population (cfu/g fresh weight) = (P0A+P1B+P2C+P3D+P4E)/N; where P0, 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. 
b)DI 04; 0 = no disease/healthy seedling; 1 = yellow leaves; 2 = yellow leaves and slightly wilted; 3 = severe wilt; and 4 = dead 
seedling. 
c)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 

withalowDI,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 

showedapopulationlevelof15.4×105CFUg1.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 

(score12)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-Fernándezet 

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 ofF.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 

commercialnurseriesofAcaciamangiuminSouthSumatra,Indonesia.Thisstudyaimedto 

investigatethehostrangeofF.oxysporumasanurserywiltpathogeninA.mangiumand 

severalforestandindustrialplants.ThreeisolatesofF.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 
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F.oxysporumpathogen,whichwasisolatedfromA.mangium,hasawiderangeofhostsinthe 
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Abstract.SolehaS,MuslimA,SuwandiS,KadirS,PratamaR.2021.HostrangestudiesofFusariumoxysporum,causalagentof seedling wilt 
disease ofAcacia 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 ofF. 
oxysporumasanurserywiltpathogeninA.mangiumandseveralforestsandindustrialplants.ThreeisolatesofF.oxysporumwith 

differenttranslationelongationfactor(tef1-)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. 

mailto:a_muslim@unsri.ac.id
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MATERIALSANDMETHODS 

 

Fungalisolates 

Threepathogenicisolatesof F.oxysporum(AF01, BF05, 

and DF11) were selected, which were differentiated 

accordingtotheir tef1-sequence(Figure1).Isolates 

wereculturedonPDBliquidmedium(potatodextrose broth) 

and incubated at 26-28C 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 106 
ml-1 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) 

usingaplasticpotof10cmdiameterand10cmheight,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 

(106 conidia ml-1) 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(DI=0),MR: 

moderately resistant/tolerance (DI = <1), MS : moderately 

susceptible (DI = 1.02.0), S : susceptible (DI = 2.13.0) 

and HS : highly susceptible (DI = 3.14.0). The 

development of disease was observed 121 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 to1000 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. BF05, and C. DF11. First line: front view; second line: reverse 
view 

A B C 
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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:healthyplantto100%wiltedleaves(score0−4);B.Initial symptoms: yellowing and 
dry from oldest leaves; C. Advanced symptoms: falling leaves; D. Dead plant 

A 
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A 
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A 
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Figure7.DiseaseindexonAcaciaauriculiformis,fromleft:healthyplanttowiltedanddeadplant(score04)  
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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 

 
 

A 

B C D 

A 
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Figure8.RegressionanalysisofdiseasescorerateandFusariumoxysporumpopulation  
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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.ForDI4, A.crassicarpaand F.moluccana 

 
showed a significantly higher population (82.00105.10 × 

104CFUg-1freshweight)thanotherplants.Thelowest 

population was recorded in P. speciosaand A. pauciflorum 

(3.5712.27×104CFUg-1freshweight).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=20.321.3).However,moderateincrease 

wasobservedinL.leucocephala(m=11.2)(m=11.2)and 

veryslowin A.pauciflorum, P.speciose,and A. auriculiformis 

(m=2.24.8) (Figure 8). 

Table 3 showed that isolates were different intef1-α,but 

the population and DI patterns were similar for eachtest 

plant. The correlation between the population of pathogen 

(g-1 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). 
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Table1.DiseaseseverityandhostresponsestoFusariumoxysporumisolatedfromAcaciamangium 

 
 

Plantspecies 
 

AF01b)Re sponsec)BF05Re 

Isolatesa)  

sponseDF11Re sponse 
Acaciacrassicarpa 4.00a HSc) 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 1.52c 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 

Note: Values followed by the same letter in each row are not significant.a DI 04, where 0: no disease/healthy seedling, 1: yellow 
leaves,2:yellowleavesandslightlywilted,3:severewilt,and4:deadseedling. b)F.oxysporumisolates. c)Hostresponsegroupedas:R: resistant 

(DI = 0); MR: moderately resistant/tolerance (DI = <1); MS: moderately susceptible (DI = 1.02.0); S: susceptible (DI = 2.13.0); HS: 

highly susceptible (DI = 3.14.0) (Bertetti et al. 2018). 

 

 

Table2.Fusariumoxysporumpopulationonrootineachdiseaseindex 
 

Plantspecies 
PopulationofFusariumoxysporum(×104CFU/gfreshweight)a) 

Averagec) 

0b)1234 
 

AF01d) 
Acaciacrassicarpa n.s n.s n.s n.s 85.13ae) 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 6.88c 9.90d 3.60 
Leucaenaleucocephala 4.67a 9.02a 12.32b 29.32b n.s 11.16 
Parkiaspeciosa 0.48c 0.57b 1.27c 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 0.35c 0.35b 3.37c 4.42c 6.92e 2.19 
Leucaenaleucocephala 5.58a 11.17a 16.53b 36.63b 54.27b 19.69 
Parkiaspeciosa 0.25c 0.48b 1.58c 11.97d 12.27d 5.79 
Acaciaauriculiformis 2.83b n.s n.s n.s 21.28c 5.05 

Note: n.s: No sample, cfu: colony-forming unit. a)F. oxysporum population calculated at the end of the experiment (21 days after 

inoculation). b)DI 04; 0: no disease/healthy seedling; 1: yellow leaves; 2: yellow leaves and slightly wilted; 3: severe wilt; and 4: dead 
seedling. c) Average ofF. oxysporum population (cfu/g fresh weight) = (P0A+P1B+P2C+P3D+P4E)/N; where P0, P1, P2, P3, and P4: 
population ofpathogen in score0,1,2,3, and4:A:numberofplantson score0;B:numberofplantson score1;C:numberofplantson score 2; D: 
number of plants on score 3; E: number of plants on score 4; N: total number of plants. d)F. oxysporumisolates.e) Values followed by the 
same letter in each row are not significant. 

 

 
 

Table3.Fusariumoxysporumpopulationaverageanddiseasesindexofplant 
 

Plantspecies 
Populationaverage(×104CFU/gfreshweight)a)Diseaseindex b) 

AF01c)BF05DF11AF01BF05DF11 
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: a) Average ofF. oxysporum population (cfu/g fresh weight): (P0A+P1B+P2C+P3D+P4E)/N; where P0, P1, P2, P3, and P4: 
population ofpathogen in score0,1,2,3, and4:A:numberofplantson score0;B:numberofplantson score1;C:numberofplantson score 2; D: 

number of plants on score 3; E: number of plants on score; N: total number of plants. b) DI 04; 0: no disease/healthy seedling; 1: yellow 
leaves; 2: yellow leaves and slightly wilted; 3: severe wilt; and 4: dead seedling. c)F. 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 

alltestplantspecieswithDIof4.00.AlthoughDIwas 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 that F. 

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 

showedapopulationlevelof15.4×105CFUg1.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 

(score12)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-Fernándezet 

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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