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Abstract

This study was conducted with the aim of isolation, identification, frequency determination and
pathogenicity of fungal and oomycota species associated with citrus decline in six different locations of
Hormozgan province. Isolation of fungi and oomycota was carried out from Bakraee and Mexican lime roots
and local tangerine branches on general and semi-selective culture media. The isolates were identified at
genus or species level based on morphological characteristics and sequence of ITS-rDNA and a part of TEF-
la gene. Frequency percentage of identified species was determined in surveyed locations based on numbers
of cultivated plant pieces. Fusarium solani, Macrophomina phaseolina, Fusarium proliferatum, Alternaria
sp., Rhizoctonia solani, Fusarium acutatum, Phoma sp., Fusarium sp.1 and Fusarium sp.2 with the
frequency of 93.51%, 1.1%, 0.26%, 0.26%, 0.17%, 0.08%, 0.04% and 0.04%, respectively, and Pythium spp.
and Phytophthora nicotianae with the frequency of 4.96% and 3.12%, respectively, were isolated from roots
with rot. Fungal species isolated from branches with dieback symptoms were Alternaria spp., Neofusicoccum
mediterraneum and Colletotrichum gloeosporioides with the frequency of 81.7%, 10.56% and 0.92%,
respectively. Pathogenicity of three isolates from each species was tested on one-year-old seedlings of local
tangerine on Bakraee. All the investigated isolates, except for Alternaria sp. and Pythium sp., were
pathogenic on seedlings and caused symptoms similar to decline symptoms observed in citrus orchards.
Pathogenicity of Alternaria sp.1 and N. mediterraneum isolates was tested on detached branches of local
tangerine and pathogenicity of C. gloeosporioides was tested on one-year-old seedlings of local tangerine
and all tested isolates were pathogenic.
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Fig 1. Decline symptoms including leaf yellowing, defoliation, wilting and dieback in the trees of local
tangerine on Bakraee in Siyahou village located in Hormozgan province.
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Table 1. Source and GenBank accession numbers of fungal and oomycota isolates included in

phylogenetic analysis

Species Isolate Region ITS-rIDNA TEF-1a
Botryosphaeria dothidea CBS 115476 South Africa KF766151.1 -
Colletotrichum abscissum LGMF1436 Brazil KX059314.1 -
Colletotrichum abscissum LGMF1421 Brazil KX059313.1 -
Colletotrichum fructicola CBS 125395 New Zealand JX010172.1 -
Colletotrichum fructicola ICMP 18120 New Zealand JX010182.1 -
Colletotrichum gloeosporioides 18 Iran (Siyahoo) OP749866 -
Colletotrichum gloeosporioides CBS 132509 Netherlands MH866044.1 -
Colletotrichum gloeosporioides CBS 132465 Netherlands MH866040.1 -
Colletotrichum gloeosporioides CBS 132460 Netherlands MH866039.1 -
Colletotrichum gloeosporioides CBS 132459 Netherlands MH866038.1 -
Colletotrichum karstii CBS 106.91 Netherlands JQ005220.1 -
Colletotrichum karstii CBS 128550 Netherlands JQ005219.1 -
Colletotrichum limetticola CBS114.14 Netherlands MH854629.1 -
Colletotrichum limetticola CBS114.14 Netherlands JQ948193.1 -
Colletotrichum musae CBS192.31 New Zealand JX010143.1 -
Colletotrichum musae CBS 116870 New Zealand JX010146.1 -
Colletotrichum musae ICMP 17817 New Zealand JX010142.1 -
Colletotrichum siamense ICMP 12567 New Zealand JX010250.1 -
Colletotrichum siamense DAR 76934 New Zealand JX010270.1 -
Colletotrichum siamense ICMP 18121 New Zealand JX010245.1 -
Colletotrichum tropicale ICMP 18672 China JX010275.1 -
Colletotrichum tropicale CBS 124943 China JX010277.1 -
Colletotrichum viniferum CAUG27 Netherlands KP145440.1 -
Colletotrichum viniferum gg4 China JN412802.1 -
Colletotrichum viniferum ygl China JN412804.1 -
Colletotrichum wuxiense JS1A32 China KU251591.1 -

Fusarium acuminatum MAFF 236716 Japan AB587002.1 ABG674280.1
Fusarium acutatum 1 Iran (Siyahoo) OP748892 OP765891

Fusarium acutatum CBS 402.97 Netherlands MH862652.1 MT010989.1
Fusarium acutatum CBS 131573 Netherlands KR071683.1 KU711682.1
Fusarium asiaticum MAFF 240264 Japan AB586991.1 AB674269.1
Fusarium avenaceum MAFF 239206 Japan AB587016.1 ABG674293.1
Fusarium decemcellulare MAFF 238422 Japan AB587018.1 AB674295.1
Fusarium decemcellulare MAFF 238421 Japan AB587017.1 ABG674294.1
Fusarium equiseti MAFF 236723 Japan AB587000.1 AB674278.1
Fusarium equiseti MAFF 236434 Japan AB586999.1 AB674277.1
Fusarium graminearum MAFF 240270 Japan AB586992.1 AB674270.1
Fusarium incarnatum MAFF 236521 Japan AB586988.1 ABG674267.1
Fusarium kyushuense NRRL 6490 Japan AB587020.1 ABG674297.1
Fusarium kyushuense MAFF 237645 Japan AB587019.1 AB674296.1
Fusarium langsethiae FRC T-1000 Japan AB587023.1 ABG674300.1
Fusarium langsethiae CBS 113234 Japan AB587021.1 ABG674298.1
Fusarium langsethiae FRC T-0992 Japan AB587022.1 AB674299.1
Fusarium lateritium MAFF 235344 Japan AB587004.1 ABG674281.1
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Fusarium oxysporum MAFF 240321 Japan AB586994.1 AB674272.1
Fusarium oxysporum MAFF 240304 Japan AB586993.1 ABG674271.1
Fusarium poae MAFF 305947 Japan AB587024.1 AB674302.1
Fusarium poae FRC T-0796 Japan AB586983.1 AB674301.1
Fusarium proliferatum 2 Iran (Siyahoo) OP748853 OP765890
Fusarium proliferatum MAFF 237651 Japan AB587007.1 ABG674284.1
Fusarium proliferatum CBS 138981 Netherlands KT716199.1 KT716210.1
Fusarium solani 67 Iran (Siyahoo) OP748850 OP765888
Fusarium solani 124 Iran (Roodan) OP748851 OP765889
Fusarium solani CBS 119996 France JX435202.1 HE647962.1
Fusarium solani CBS 119223 Hungary JX435203.1 HE647959.1
Fusarium sporotrichioides MAFF 236639 Japan AB587027.1 AB674305.1
Fusarium sporotrichioides ATCC 34914 Japan AB587025.1 ABG674303.1
Fusarium sporotrichioides CBS 119839 Japan AB587026.1 AB674304.1
Fusarium subglutinans MAFF 235376 Japan AB587009.1 ABG674286.1
Fusarium subglutinans ATCC 38016 Japan AB587008.1 AB674285.1
Fusarium tricinctum ATCC 38183 Japan AB587028.1 AB674264.1
Fusarium tricinctum CBS 393.93 Japan MH862424.1 AB674263.1
Fusarium tricinctum MAFF 235551 Japan AB587030.1 AB674262.1
Fusarium verticillioides CBS 100312 Japan AB587011.1 AB674288.1
Fusarium verticillioides CBS576.78 Japan MH861171.1 KU604383.1
Fusarium verticillioides MAFF 240085 Japan AB587012.1 AB674289.1
Macrophomina euphorbiicola SP3PY USA OM956151.1 -
Macrophomina euphorbiicola SP4PY USA OM956152.1 -
Macrophomina euphorbiicola SP5PY USA OM956153.1 -
Macrophomina phaseolina 14 Iran (Siyahoo) OP748926 -
Macrophomina phaseolina 24 Iran (Siyahoo) OP748926 -
Macrophomina phaseolina CBS 126649 Netherlands MH864184.1 -
Macrophomina phaseolina CBS 126639 Netherlands MH864181.1 -
Macrophomina phaseolina CBS 126636 Netherlands MH864180.1 -
Macrophomina phaseolina KARESB85 USA MN166021.1 -
Macrophomina phaseolina CBS 162.25 Portugal KF531826.1 -
Macrophomina phaseolina ABMp02 China KP859580.1 -
Macrophomina pseudophaseolina CPC 21528 Netherlands KF951802.1 -
Macrophomina pseudophaseolina CPC 21527 Netherlands KF951801.1 -
Macrophomina pseudophaseolina CPC 21525 Netherlands KF951800.1 -
Macrophomina pseudophaseolina CPC 21524 Netherlands KF951799.1 -
Macrophomina pseudophaseolina CPC 21511 Netherlands KF951798.1 -
Macrophomina pseudophaseolina CPC 21502 Netherlands KF951797.1 -
Monilochaetes infuscans CBS 869.96 Netherlands JQ005780.1 -

Nectria cinnabarina CBS 189.87 Japan HM484699.1 HM484671.1
Neofusicoccum arbuti CBS 116573 Netherlands KX464153.1 -
Neofusicoccum arbuti CBS 116574 Netherlands KX464154.1 -
Neofusicoccum arbuti CBS 116575 Netherlands KX464155.1 -
Neofusicoccum arbuti CBS 116576 Netherlands KX464156.1 -
Neofusicoccum austral CBS 122026 Netherlands KX464161.1 -
Neofusicoccum austral CBS 115185 Netherlands FJ150696.1 -
Neofusicoccum austral CBS 125786 Netherlands MH863758.1 -
Neofusicoccum batangarum CBS 127348 Netherlands MHB864533.1 -
Neofusicoccum batangarum CBS 124922 Netherlands MH863424.1 -
Neofusicoccum batangarum CBS 444.83 Netherlands MHB864533.1 -
Neofusicoccum italicum CBS 140889 Netherlands MT587479.1 -
Neofusicoccum luteum CBS 562.92 Netherlands MH862376.1 -
Neofusicoccum mangroviorum CBS 111492 China MT587491.1 -
Neofusicoccum mangroviorum CBS 140739 China MT587492.1 -
Neofusicoccum mangroviorum CBS 140740 China MT587493.1 -
Neofusicoccum mediterraneum 11 Iran (Minab) OP749920 -
Neofusicoccum mediterraneum 206 Iran (Roodan) OP749920 -
Neofusicoccum mediterraneum 121718 USA NR_160225.1 -
Neofusicoccum mediterraneum CPC 13137 Netherlands EU040221.1 -
Neofusicoccum mediterraneum CPC 27932 Brazil MW413875.1 -
Neofusicoccum parvum CBS 145795 China MN128646.1 -
Neofusicoccum parvum CBS 145794 Italy MN128645.1 -
Neofusicoccum parvum CBS 145624 Italy MN611181.1 -
Phytophthora cactorum CBS 231.30 Netherlands KX017610.1 -
Phytophthora cactorum CBS 108.09 Canada KJ128036.1 -
Phytophthora cactorum CBS 100426 Netherlands DQ836127.1 -
Phytophthora citrophthora CBS 581.69 Malaysia MH401211.1 -
Phytophthora citrophthora RK20 Iran 0OM868170.1 -
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Phytophthora citrophthora 1922
Phytophthora citrophthora JAAT9
Phytophthora dauci CBS 127102
Phytophthora dauci CBS 114039
Phytophthora drechsleri CBS 292.35
Phytophthora heveae CBS 958.87
Phytophthora heveae CPHST BL67
Phytophthora infestans CBS 120920
Phytophthora infestans SAP1462
Phytophthora nicotianae 11
Phytophthora nicotianae 22
Phytophthora nicotianae CBS 535.92
Phytophthora nicotianae CBS 114343
Phytophthora nicotianae PPMA 798
Phytophthora nicotianae 33C7
Phytophthora palmivora CBS 148.88
Phytophthora palmivora CBS 1113.46
Phytophthora palmivora CBS 298.29
Phytophthora palmivora CBS 179.26
Phytophthora sojae 11 2
Phytophthora sojae 111
Phytophthora sojae 06_2
Phytopythium vexans CBS 119.80

Chile KX925550.1 -
Hungary GU723287.1 -
Belgium KC478761.1 -
Belgium KC478762.1 -
Germany KJ744314.1 -
Germany KJ755106.1 -
USA MG865505.1 -
Egypt MF680417.1 -
Spain JX418021.1 -
Iran (Siyahoo) OP748927 -
Iran (Siyahoo) OP748927 -
Switzerland AY946253.1 -
Switzerland DQ403794.1 -
Brazil ON478333.1 -
India AH015040.2 -
Malaysia MH401200.1 -
Malaysia KY475633.1 -
Malaysia KY475628.1 -
Malaysia KY475627.1 -
Uruguay MF093644.1 -
Uruguay MF093643.1 -
Uruguay MF093642.1 -
Canada AY598713.1 -
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Fig 2. Phylogenetic tree of Fusarium species inferred from Bayesian analysis based on sequence data of ITS-

rDNA region. The isolates used in this study are in bold.
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Nectria cinnabarina was used as an outgroup taxon.
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Fig 3. Phylogenetic tree of Fusarium species inferred from Bayesian analysis based on sequence data of
a part of the TEF-1a gene. The isolates used in this study are in bold. Nectria cinnabarina was used as
an outgroup taxon.
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Fig 4. Phylogenetic tree of Macrophomina species inferred from Bayesian analysis based on sequence
data of ITS-rDNA region. The isolates used in this study are in bold. Macrophomina pseudophaseolina

was used as an outgroup taxon.
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Fig 5. Phylogenetic tree of Phytophthora species inferred from Bayesian analysis based on sequence
data of ITS-rDNA region. The isolates used in this study are in bold. Phytopythium vexans was used as

an outgroup taxon.

256 YOf



OB 5app 5> S o JIg5 b o o glacall 5 g B 1g5koms 5 (555055

Neofusicoccum mangroviorum CBS 111482

Dgl.\"eaﬁsicaccm mangroviorum CBS 140739

0.99 Neafusicoccwm mangroviorwn CBS 140740

—— Neofusicoccum [utewn CBS 562.92
099

Negfusicoceum australe CBS 122026
—E;\-"euﬁzs!mcc um aqustrale CBS 115183
Neafusicoccum australs CBE 123736
Neofiusicoccum batangarum CBS 127348
4% Neofusicoccum batangarum CBS 124922
Neofusicoccum batangarwmn CBS 444 83

Neofusicoccum parvim CBS 145793
1.00
4@ Neofusicoccum parvum CBS 145704
Negfusicoccum parvum CBS 143624

Neofusicoccum italicum CBS 140889

0.99

—— MNeafusicoccum arbuti CBS 116573

Neofusicoccum arbuti CBS 116374

0.98
—— Negfusicoccwm arbuti CBS 116573

— Neafusicoccum arbuti CBS 116576
Neofusicoccum mediterraneum 121718

— Neofusicoccuwm mediterranewm CPC 13137

Neofusicoccum mediterraneum 206

— Neofusicoccum mediterraneum 11

\— Neofusicoccum mediterraneuwm CPC 27932

Macrophomina phaseolina strain CBS 461.70

— o0
b JIss slaesis e DAYESIAN Jdow 5 4520 ) edbLLiiwl INEUTUSICULLUINT ek 5 saalde sla)ls f S8

« Macrophomina phaseolina s 58 .leas osls 0L Ky oy g0 4 Galows ol 45 ool Caws 4 saaylu> ITS-rDNA

el 0k Sl 0y S0 Ol g
Fig 6. Phylogenetic tree of Neofusicoccum species inferred from Bayesian analysis based on sequence
data of ITS-rDNA region. The isolates used in this study are in bold. Macrophomina phaseolina was

used as an outgroup taxon.
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Fig 7. Phylogenetic tree of Colletotrichum species inferred from Bayesian analysis based on sequence
data of ITS-rDNA region. The isolates used in this study are in bold. Monilochaetes infuscans was used

as an outgroup taxon.
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Fig 8. Pathogenicity test of fungal and oomycota species on local tangerine seedlings on Bakraee. a) Fusarium
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Fig 9. Pathogenicity test of fungal species on detached branches of local tangerine. a) Alternaria sp.
isolate 106, b) Neofusicoccum mediterraneum isolate 11, ¢) Control treatment
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