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ABSTRACT

Almond (Prunus amygdalus L.) is a deciduous tree in the Rosaceae family and is grown mostly for its edible seed. It
is one of the most popular nuts on a worldwide basis and widely grown in Iran in Isfahan and Chaharmahal and
Bakhtiari provinces. Root and crown rot causal agents which are caused by several pathogens were studied.
According to morphological characteristics, 53 isolates were identified as Phytopythium litorale (13 isolates),
Phytophthora cactorum (19 isolates), and P. crytogea (21 isolates). Out of 53 isolates, 25 isolates were selected for
molecular studies. Specific primer pairs of BPhycacL87FRG (F)/BPhycacR87RRG and Cryp1(F)/Cryp2 were used to
confirm morphological identification of species. The reaction of crown and root of 8-month-old almond cultivars
Sangi, Rabee, Shahrood12 and GF¢; to virulent isolates of P. cactorum, P. cryptogea, and Pp. litorale was evaluated
under greenhouse conditions. Comparison of pathogenicity means revealed that there are significant differences
among P. cactorum, P. cryptogea, and Pp. litorale isolates. The results also showed that Pp. litorale was more
aggressive than P. cactorum. On all tested almond cultivars, disease severity percentage showed that Sangi is the
most susceptible cultivar and GFg,; showed the least susceptibility. In this study, phylogenetic relationships of some
Phytophthora and Phytopythium species based on sequencing of the rDNA-ITS region is provided. This is the first
report of isolation and pathogenicity of Phytopythium litorale from almond orchards in Iran.
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Table 1. List of primers used for the sequencing of Phytophthora spp.

Primer pair Sequence (5" -3") Annealing Temp (°C) Reference
Pz ATACTCTCOCCACCARACTC 3 Seenactal, 200
BPIyGRRORRG | CAGTCOGTCCOAAMACCAG | 56 Schena eta., 2008
o) CTeoToecccAcaaceree g

o295 onl o siali)ls sle Judodga s, Phytopythium 4 Phytophthora solaiwls jge slaaslas clasin ¥ Joo
Table 2. Characteristics of Phytophthora and Phytopythium isolates used in phylogenetic analyses in this study

Infected organ Location No.of isolates Species name Isolates code
Crown Chaharmahal and Bakhtiari 6 Phytophthora cactorum 1,2,3,4,5,6
Root Chaharmahal and Bakhtiari 4 P. cactorum 7,8,9, 10
Soail Chaharmahal and Bakhtiari 9 P. cactorum, 11,12, 13, 14, 15, 16, 17,18, 19
Crown Chaharmahal and Bakhtiari 4 P.cryptogea 20, 21, 22, 23
Root Chaharmahal and Bakhtiari 5 P.cryptogea 24, 25, 26, 27, 28
Soil Chaharmahal and Bakhtiari 3 P.cryptogea 29,30
Crown Isfahan 4 P.cryptogea 31,32,33,34,35
Root Isfahan 1 P.cryptogea 36
Soil Isfahan 5 P.cryptogea 37, 38, 39, 40
Crown Isfahan 5 Phytopythium litorale 41,42, 43,44, 45
Root Isfahan 4 Pp. litorale 46, 47, 48, 49
Soil Isfahan 4 Pp. litorale 50, 51, 52, 53

ol slagls 51 Phytopythium g Phytophthora (slaaisS (o jlulas sbedihis g g ¥ Jgo
Table 3. Sources and locations of Phytophthora and Phytopythium spp. isolation from almond orchards

Species Isolate Source GenBank accession No.
Phytopythium litorale P1 In this study MG712912
Pp. litorale P2 In this study MG71213
Pp. litorale P3 In this study MG71214
Phytophthora cactorum P4 In this study MG71215
P. cactorum P5 In this study MG71216
P. cactorum P6 In this study MG71217
P. cryptogea P7 In this study MG71220
P. cryptogea P8 In this study MG71219
P. cryptogea P9 In this study MG71218
P. cactorum IBL Nowakowska et al, 2012 JX276091
P. cactorum MP2 Orlikowski et al, 2016 KY100041
P. cactorum BR194 Robideau et al , 2010 HQ643169
P. cactorum KH2 Takeuchi, 2007 AB305066
P. cryptogea ABD192 Puertolas et al, 2017 MF115387
P. cryptogea 279 Scarlett et al, 2014 KP070716
P. cryptogea PAC 8 Gonzalez et al, 2017 KX611693
P. cryptogea ABD165 Puertolas et al, 2017 MF115348
P. cinnamomi 1859 Guajardo et al, 2016 KU961898
P. cinnamomi TSFH4 Croeser et al, 2016 KX120102
P. cinnamomi QLD19 Burgess, 2016 KY212015
P. cinnamomi P2159 Garbelotto et al, 2003 AY302164
P. cinnamomi NEO13 Scarlett et al, 2014 KP183223
P. cinnamomi CB5 Scarlett et al, 2014 KP070683
P. citricola P1815 Bezuidenhout et al, 2010 GU191218
P. citricola PLN Hobden, 2004 AY833531
P. citricola PLN Vedenyapina et al, 2014 KF963050
P. citricola TARI 25 Ann et al, 2009 GU111597
P. citrophthora RH-04 Nowak et al, 2013 KF682433
P. citrophthora E4P4 Zouaoui et al, 2016 KX269830
P. citrophthora QP21 Milenkovic et al, 2016 KX180144
P. citrophthora WPC1085 Coffey et al, 2009 GU258652
P. citrophthora P0479 Zhang & Coffey,2011 JN618686
P. megasperma P88 Catal et al, 2005 AY995402
P. megasperma 92-206M Lefort et al, 2007 EU000134
P. megasperma 250495 Pettersson, 2015 KT383054
P. megasperma NIBIO Pettersson, 2015 KT350499
Phytopythium litorale DAOM229148 Robideau et al, 2011 HQ643712
Pp. litorale 1857 Bouket et al., 2016 KT290515
Pp. litorale BR896 Robideau et al, 2011 HQ643387
Pp. litorale CNRPyIlit16RA Bouket et al., 2016 KT290513
Albugo candida SMK13747 Ay929835
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Figure 1. Phytophthora cactorum: A. Colony on CMA, B. Sporangium with an apical papillas (Bar = 10 um), C.
Oogonium and antheridium (Bar = 10 pum).
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Figure 2. Phytophthora cryptogea: A. Colony on CMA, B. Intercalary hyphal swelling (Bar = 10 pm), C. Sporangium
(Bar = 10 um), D. Oogonium and antheridium (Bar = 10 um).
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Figure 3. Phytopythium litorale: A. Colony on CMA, B. Hyphal swelling (Bar = 10 um), C. Sporangium (Bar = 10 um), B.
Oogonium and antheridium (Bar = 10 um), E. Discharge tube (Bar = 10 um), F. Internal proliferation (Bar = 10 pum).
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Figure 4. A phylogenic tree of 41 taxa of Phytophthora and Phytopythium inferred from rDNA-ITS. Bootstrap values >
50% (1000 replicates) of NJ analysis are shown above the branches (Bar indicates the nucleotide substitution in NJ
analysis). Albugo candida is the outgroup (Accession numbers from Gene Bank are shown in parenthesis).
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Table 4. Analysis of variance of disease intensity for Phytophthora cactorum. Phytophthora cryptogea, and

Phytopythium litorale on almond cultivars

YY#®

Source of variation df Mean square
Isolate 2 799057.722"
Genotype 3 1111637.827"
Isolatex Genotype 6 292883.409™
Error 24 4257.126
Total 35
CV% - 13.67%
R?% - 0.98%

**: Significant at 1% of probability level.
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Table 5. Rate of necrosis on almond crown (mm) in
relation to Phytophthora cactorum, Phytophthora
cryptogea, and Phytopythium litorale isolates on

almond cultivars under greenhouse conditions

Rates of necrosis on

HostxPathogen
crown (mm)

( P. cactorumxSangi) 137.6i

( P. cactorumx Rabee) 208.5g
( P. cactorumx Shahrood12) 295.8f
( P. cactorumx GFe77) 896.4d
(P. cryptogea xSangi) 140.1i

(P. cryptogea x Rabee) 223.29
(P. cryptogea x Shahrood12) 289.1f
(P. cryptogea x GFe77) 1002.1c
(Pp. litorale xSangi) 194.8h
(Pp. litorale x Rabee) 397.7e
(Pp litorale x Shahrood12) 1291.9b
(Pp. litorale x GFg77) 1308/7a

B, gl e Dglis a0 ) Ltz e jo S e sladd >
Similar letters non-significant differences at 1% of probability levels.
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