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provinces and investigating their virulence on orange cultivars
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ABSTRACT
Alternaria brown spot and postharvest black rot of fruit are serious diseases of citrus trees. These diseases are caused
by Alternaria spp. and can be economically destructive on susceptible citrus trees. The aim of this study was to
identify the pathogenic species of this fungus and to introduce orange cultivars resistant to this disease. For this
purpose, samples suspected to Alternaria infection were collected from orchards of Golestan and Mazandaran
provinces and were cultured on PDA and PCA media in the laboratory. Then, the fungi were identified according to
the morphological key to Alternaria spp. In order to verify the morphological, molecular identification was done
using universal primers ITS1, ITS4 and PCR product sequencing. From 45 isolates collected, the identified species
were A. alternata (28 isolates), A. dumosa (12 isolates) and A. atra (5 isolates). For investigating pathogenicity of the
isolates, 4 orange cultivars including Thomson Navel, Jaffa Sweet, Sanguinelli Blood, and Valencia were used. The
pathogenicity test was done by using spore suspension with 10° spores per ml on the leaf, fruit and, seedling. The
results revealed that the isolates of these three species showed serious symptoms on the Thomson, Jaffa, and Valencia
cultivars. However, the Sanguinelli was relatively resistant in three pathogenicity tests on the leaf, fruit, and the
seedling and the mentioned species were not able to create disease symptoms at this cultivar. Thus, Sanguinelli was
introduced as a resistant cultivar against Alternaria spp. in orange.
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Table 1. Host, geographic location and the name (code) of Alternaria isolates recovered from orange trees in
Golestan and Mazandaran provinces

Location Host Tissue Isolate code
Golestan- Gorgan Thomson navel Leaf aGol, aGo2, dGo4
Thomson navel Fruit aGo3
Jaffa sweet Leaf dGo5
Golestan- Kordkuy Washington navel Leaf aKl
Thomson navel Leaf aK2, atk3
Golestan- Bandar Gaz Washington navel Leaf aBz1, atBz7
Valencia late Leaf aBz2, dBz4
Thomson navel Leaf aBz3, dBz5, atBz6
Mazandaran- Galugah Thomson navel Leaf aGal, dGa2
Mazandaran- Behshahr Jaffa sweet Leaf aBel
Thomson navel Fruit aBe2, dBe3
Washington navel Leaf dBe4, atBe5
Mazandaran- Neka Thomson navel Leaf aNel
Mazandaran- Sari Thomson navel Leaf aS1, ds5, atS6
Washington navel Leaf aS2, aS3, ds4
Mazandaran- Babol Jaffa blood Leaf aBal
Thomson navel Fruit aBa2
Mazandaran- Amol Thomson navel Leaf aAl, aA2
Mazandaran- Noor Thomson navel Leaf aNol, aNo2
Mazandaran- Chalus Thomson navel Leaf aCl, dC4, dCs
Washington navel Leaf aC2,aC3
Mazandaran- Tonekabon Thomson navel Leaf aTl,aT2,dT3

Mazandaran- Ramsar

Thomson navel

Leaf

aR1, aR2
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Figure 1. Images of the aBz1 isolate belonging to Alternaria alternata. A: Six days old colony on the PCA medium

with 4cm diameter. B: Lateral chains produced on the lateral side of conidia by secondary conidiophore. C: Primary
conidiophore and elliptical conidia at the beginning of the chain
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Figure 2. Images of the dGo4 isolate belonging to Alternaria dumosa. A: Six days old colony on the PCA medium
with 6 cm diameter. B: Conidia in dense clumps of freely branching chains. C: Lateral branches of conidia
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Figure 3. Images of the atS6 isolate belonging to Alternaria atra. A: Six days old colony on the PCA medium with
4cm diameter. B: Globular conidia in dense clumps. C: Solitary conidia with transepta and longisepta.
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Figure 5. Phylogenetic tree depicting based on the sequence of ITS in the Mega5 software for the relationship of
Alternaria spp. Isolates obtained from orange trees in Golestan and Mazandaran provinces. The dendrogram was
constructed by the neighborur joining method. Numbers at the branch points reflect the robustness of branching (in
percentage) obtained by 1000 resamplings (bootstrap). A similar tree was obtained when drawn by the maximum
likelihood algorithm. The bar indicates number of nucleotide changes per sites
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Table 2. Investigating disease index, leaf necrosis and aggressiveness of Alternaria isolates on the leaf of orange

cultivar Valencia. The pathogenicity test was done by using spore suspension with the concentration of 10° spores per
ml, with three replications. The disease was evaluated after 10 days of inoculation

Aggressiveness

Leaf necrosis Disease index

Number Species Isolates code (day) (%) (%)
1 A. alternata aGol 5 15i 20
2 A. alternata aGo2 4.4 17.3 ghi 20
3 A. alternata aGo3 44 15i 20
4 A. alternata aK1l 5 17.6 ghi 20
5 A. alternata ak2 44 17.3 ghi 20
6 A. alternata aBz1 4.4 17.3 ghi 20
7 A. alternata aBz2 4.4 17.6 ghi 20
8 A. alternata aBz3 4 21.3 cdefghi 26.6
9 A. alternata aGal 4 21.6 cdefghi 26.6
10 A. alternata aBel 4 21 cdefghi 26.6
11 A. alternata aBe2 43 17.3 ghi 20
12 A. alternata aNel 4.4 15.6 hi 20
13 A. alternata aS1 4 20.3 cdefghi 26.6
14 A. alternata aS2 3.6 23.6 cdefghi 33.3
15 A. alternata aS3 4 21.3 cdefghi 26.6
16 A. alternata aBal 4 cdefghi 21 26.6
17 A. alternata aBa2 4 cdefghi 21 26.6
18 A. alternata aAl 3.6 cdefgh 24.3 33.3
19 A. alternata aA2 4 20.3 cdefghi 26.6
20 A. alternata aNol 4 17.3 ghi 20
21 A. alternata aNo2 4 22 cdefghi 26.6
22 A. alternata aCl 4.4 18.6 efghi 20
23 A. alternata aC2 4.4 18 fghi 20
24 A. alternata aC3 4 22.6 cdefghi 26.6
25 A. alternata aTl 4 22 cdefghi 26.6
26 A. alternata aT2 4 cdefghi 21.3 26.6
27 A. alternata aR1l 4.3 16.3 ghi 20
28 A. alternata aR2 4 19.6 defghi 26.6
29 A. dumosa dGo4 3.6 27 cde 333
30 A. dumosa dGo5 4 18 fghi 20
31 A. dumosa dBz4 3.6 25 cdefg 33.3
32 A. dumosa dBz5 4 21.6 cdefghi 26.6
33 A. dumosa dGa2 4 21.3 cdefghi 26.6
34 A. dumosa dBe3 3 25 cdefg 33.3
35 A. dumosa dBe4 4 21.3 cdefghi 26.6
36 A. dumosa ds4 3 28.3 bed 40
37 A. dumosa dss 3.6 23.6 cdefghi 33.3
38 A. dumosa dc4 3 27.3 cde 40
39 A. dumosa dcs 33 24.6 cdefg 40
40 A. dumosa dT3 33 26.6 cdef 40
41 A. atra atk3 3.6 23.6 cdefghi 33.3
42 A. atra atBz6 3 29 ab 40
43 A. atra atBz7 3 28.3 bed 40
44 A. atra atBe5 26 36b 46.6
45 A. atra atS6 2.6 446a 53.3
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Table 3. Investigating disease index and aggressiveness of Alternaria isolates on orange cultivars leaf. The

pathogenicity test was done by using spore suspension with the concentration of 10° spores per ml, with three
replications. The disease was evaluated after 10 days of inoculation

Species Thomson navel Jaffa sweet Sanguine blood Valencia late
A DI RC A DI RC A DI RC A DI RC
A. alternata 4.4 21.3d MR 4.2 23.9d MR - Oe R 42 23.9d MR
A. dumosa 4.2 25.2d MR 3.2 34.6¢ MS - Oe R 3.2 35.9¢c MS
A. atra 2.1 63.9a S 2.1 66.6a S - Oe R 2.9 42.6b MS
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RC = Resistance class: R: Resistance = 0-10% DI, MR: Moderately Resistance = 11-30% DI, MS: Moderately Susceptible = 31-60% DI, S: Susceptible = > 61% DI.
DI = Disease index (%). A = Aggressiveness (day)
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Table 4. Investigating disease index and aggressiveness of Alternaria isolates on orange cultivars fruit. The

pathogenicity test was done by using spore suspension with the concentration of 10° spores per ml, with three replications.
The disease was evaluated after 10 days of inoculation

Species Thomson navel Jaffa sweet Sanguine blood Valencia late
A DI RC A DI RC A DI RC A DI RC
A. alternata 4 25e MR 4 25e MR - of R 3 31.6d MS
A. dumosa 4 25e MR 3 26.6e MR - of R 3 34.9¢ MS
A. atra 2 48.3a MS 2 48.3a MS - of R 2 41.6b MS

St oasls =Dl elas 18Y 5l i 5)lom (a3l ¢ oo Sl =1F 0 1Y o Cnglio /T+ B 1Y) pglin <L)+ b+ (g le paSLd iaeglia LS =RC
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RC = Resistance class: R: Resistance = 0-10% DI, MR: Moderately Resistance = 11-30% DI, MS: Moderately Susceptible = 31-60% DI, S: Susceptible = > 61% DI.
DI = Disease index (%). A = Aggressiveness (day)
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Table 5. Investigating disease index and aggressiveness of Alternaria isolates on orange cultivars seedling. The

pathogenicity test was done by using spore suspension with the concentration of 10° spores per ml, with three replications.
The disease was evaluated after 30 days of inoculation

Species Thomson navel Jaffa sweet Sanguine blood Valencia late
A DI RC A DI RC A DI RC A DI RC
A. alternata 17.4 14.6¢ MR 17.2 15.9¢c MR - 0d R 13.8 23.9b MR
A. dumosa 16.8 15.9¢c MR 17.4 14.6¢ MR - 0d R 14.2 25.2ab MR
A. atra 15 21.3b MR 14.6 22.6b MR - 0d R 12.4 29.2a MR
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RC = Resistance class: R: Resistance = 0-10% DI, MR: Moderately Resistance = 11-30% DI, MS: Moderately Susceptible = 31-60% DI, S: Susceptible = > 61% DI.
DI = Disease index (%). A = Aggressiveness (day)
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Figure 9. Symptoms of Alternaria isolates on the leaf, fruit and seedling of orange cultivar Valencia. A, B, C:
Disease symptoms of aBz1 isolate belonging to Alternaria alternata (D; leaf. E; fruit. F; seedling). D, E, F: Disease

symptoms of dGo4 isolate belonging to A. dumosa (G; leaf. H; fruit. I; seedling). G, H, I: Disease symptoms of atS6
isolate belonging to the A. atra (J; leaf. K; fruit. L; seedling).
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