A synoptic key for differentiation of ~ Monilinia fructicola , M. fructigena
and M. laxa, based on examination of cultural characters
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A synoptic key for the identification of three morphologically similar specidowilinia prin-

cipally affecting stone and pome fruit is described. Seven morphological characters were assessed
after 10 days incubation under well-defined cultural conditions. No one character was found to
separate the species. However, the synoptic key resulted in the correct identification of all isolates
tested when compared with a molecular method.

colony shape and isolate interactions. However, these features
are affected by incubation conditions and media type, which are
Monilinia brown rot is a major fungal disease of stdPriflus  not sufficiently detailed in existing work (Byrde & Willetts,
spp.) and pomeMalus and Pyrus spp.) fruit trees causing 1977; Mordue, 1979; EPPO/CABI, 1997) to permit direct com-
serious financial losses as a result of blossom and twig blighparison of the three species, or only compare two out of three
formation of cankers and fruit rot (Sinclat al, 1987). The species (Penroset al, 1976; Sonoda, 1982). Therefore, in
disease is caused by one or more of three closely relatgatactice, accurate diagnosis Mbnilinia species is at best
fungi — Monilinia fructicola, Monilinia laxa and Monilinia difficult and at worst unreliable.
fructigena Work funded by the EU IVth Framework Programme
The distribution of these species differs across the worldCorazza, 1999) endeavoured to solve this problem in part by
(Byrde & Willetts, 1977)M. fructicolais present primarily in  developing a simple identification protocol and reliable diag-
North, Central and South America, Australia and New Zealanahostic key based on examination of cultural characters. Numer-
(CABI/EPPO, 1999). Itis listed as a quarantine pest within theus isolates oM. fructicola M. fructigenaandM. laxa were
European Union and, until recently, was absent from Europecollected from around the world, from culture collections and
In 2001, it was officially reported as present in some peachy direct isolation from naturally infected rosaceous fruits. At
orchards in the Département du Gard in the south of Frandie beginning of the project, these were assigned to a species
(OEPP/EPPO, 2002M. fructigenais present in Europe and using existing cultural characters (Byrde & Willetts, 1977,
parts of Asia, but is absent from South America, Australia andordue, 1979; OEPP/EPPO, 1988). Parallel work carried out
New Zealand (CABI/EPPO, 2000. laxais the most com- during the project investigated a range of identification
mon brown rot pathogen and occurs in all major areas of stortechniques including molecular methods (Fuleral, 1999;
and pome fruit production (CABI/EPPO, 1991). Only in centralHugheset al, 2000), cultural characters (Coraztal, 1998;
and eastern Asia, wheRrunus Malus andPyrusspp. origin-  van Leeuwen & van Kesteren, 1998; van Leeuwen, 2000), pro-
ate, do all three speciesMbnilinia occur (CABI/EPPO, 1991, tein profiles (Belisari@t al, 1998) and monoclonal antibodies
1999, 2000). (Hugheset al, 1996, 1998) to identify the isolates more fully.
Monilinia fructicola occurs most frequently on peach and
nectarineM. fructigenais usually found on apple and pear, and
M. laxa is most commonly found on apricot and almond
(EPPOI/CABI, 1997). However, all three species can infect
range of rosaceous fruit trd@sinus Malus Pyrus Chaenomeles
Crataegus CydoniaandEriobotrya and there are records Representative isolates ofl. fructicola (six isolates),M.
of M. fructicola on grapes and strawberries (Visarathanonthfructigena(five isolates) antl. laxa (six isolates), previously
et al, 1988; EPPO/CABI, 1997; Washington & Pascoe, 2000)characterized using the polymerase chain reaction (PCR)
Unfortunately, these fungi cannot be distinguished reliablymethod of Hughest al (2000), were used in this study. These
on symptoms alone, and laboratory examinatiorecessary.  isolates were selected from over 200 isolates collected during
The species are morphologically similar in culture, the greatesthe EU-funded project to cover the host and geographical
difficulty perhaps being to separate isolate#ofructicola diversity of the three species. A further eight isolates obtained
andM. laxa Previous work has helped to distinguish speciedrom naturally infected fruits during routine diagnostic work
by morphological features, e.g. spore size, hyphal diameter andere assessed using the synoptic key. After cultural
cultural characters such as colony colour, germ tube formatiorgharacterization, these were then identified by the PCR method
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Table 1 Provenance of representative isolates of

Code CBS reference Species Provenance Host Monilinia fructicola (six isolates)Monilinia
fructigena(five isolates)Monilinia laxa (six
Representative isolates isolates) and eight previously unidentified
1 - M. fructicola Japan Malus pumila isolates (I-VIII)
2 CBS 101510 M. fructicola New Zealand Prunus persica
3 CBS 101503 M. laxa Italy Prunus persica
4 M. laxa Spain Prunus armeniaca
5 M. fructigena Spain Prunus domestica
6 M. laxa USA Prunus armeniaca
7 - M. fructicola USA Prunus domestica
8 CBS 101507 M. laxa Australia Prunus armeniaca
9 - M. fructicola Australia Prunussp.
10 M. laxa South Africa Prunussp.
11 CBS 101512 M. fructicola USA Prunus domestica
12 - M. fructigena UK Malus pumila
13 - M. fructigena Portugal Cydoniasp.
15 CBS 101505 M. laxa Japan Prunus mume
16 CBS 101508 M. fructicola Japan Prunus persica
17 CBS 101500 M. fructigena Poland Prunus domestica
18 CBS 101501 M. fructigena Netherlands Prunus persica
Previously unidentified isolates
| M. laxa France Prunus domestica
Il M. fructigena France Prunus domestica
1 M. laxa Australia Prunus domestica
\% M. fructicola Australia Prunussp.
\Y M. fructicola Australia Prunus armeniaca
VI M. fructicola Australia Prunus domestica
Vil M. laxa Australia Prunus persica
Vil M. laxa Australia Prunus persica

Species identity was determined by PCR according to Huetets2000).

of Hugheset al (2000). The provenance and identification of 6 Rosetting: upper surface of colony ‘rosetted’, i.e. showing
all the isolates are given in Table 1. mycelium in distinct layers (petals) on top of each other, with
the appearance of an open rose flower (M) (see Fig. 2a) or
not (N).
7 Black arcs: lower surface of colony showing black arcs or
A 4-mm-diameter plug from the edge of a 4-day-old colony rings associated with the ‘petals’ of a rosetted isolate (see
grown on 4% potato dextrose agar (PDA; Oxoid) i@ the Fig. 2b) (O), black dotted areas or brown arcs or rings
dark was placed centrally on a 9-cm Petri dish containing (Fig. 1b) (P) or no black arcs or rings absent (Q).
12.5mL of medium. Three replicates per isolate were
incubated at 22C with illumination of 12 h near-UV )
Synoptic key
(wavelength 365.5 nm)/12 h dark. After 10 days, the plates
were assessed for seven critical characters as described beldhe following synoptic key was constructed to identify the
species (letters in brackets indicate a character that is not
usually produced but can occur in some isolates):
M. fructicola A, D, (E), G, I, (J), L, (M), N, (P), Q
1 Colony colour: upper surface of plate grey (A), yellow (B) or M. laxa A, (C), (E), F, H, J, K, M, (N), O
cream/white (C). M. fructigena B, (C), (D), E, (F), (G),H, (1), J,L, N, Q
2 Growth rate: mean colony diameter > 80 mm — fast (D), 70—
80 mm — medium (E), or < 70 mm — slow (F).
3 Sporulation: upper surface of colony, viewed with a dissectin@FeSUltS
microscope, showing sporulation abundant (G) or sparse (HAssessment of colony characters is presented in Table 2.
4 Concentric rings of sporulation: upper surface of colony,Colony colour consistently helped to separate isolates of
viewed with a dissecting microscope, showing concentridM. fructicolaandM. laxa(‘grey’) from M. fructigenaprincipally
rings present (1) (see Fig. 1a) or absent (J). ‘yellow’ with two ‘cream/white’ in colour (isolates 5 and 12).
5 Colony margin: colony, when examined from the undersideGrowth rate was variable between and within species and could
of the plate, showing margin lobed (K) (see Fig. 2b) or nonnot be used to separate species. However, in general, colony
lobed (L) (see Fig. 3b). diameter forM. fructicolawas greater than foW. fructigena

Inoculation and incubation conditions

Critical characters
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Fig. 1 Colonies oMonilinia spp. grown on 4% PDA (10 days, 12 h light/12 h dark &)2M. fructicolaisolate 1: (aupper surface; (Wpwer surface;
M. laxaisolate 8: (c) upper surface; (d) lower surfadefructigenaisolate 18: (e) upper surface; (f) lower surface.
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Table 2 Assignment of synoptic key letters (A—Q) in order to identify isolatéasfilinia (Mfc, M. fructicola; Mfg, M. fructigena Mix, M. laxa)

Colony Growth Black arcs associated

colour rate Sporulation  Concentric rings  Lobed colony with rosettes

A grey D fast abundant of spores margin Rosettes O black Identity
Culture B yellow E medium G abundant | present K lobed M present P brown based on
reference  C cream/white F slow H sparse J absent L smooth N absent  Q absent synoptic key
1 A D G | L N Q Mfc
2 A E G 113 L N Q Mfc
7 A D G | L N Q Mfc
9 A D G | L N Q Mfc
11 A E G | L N Q Mfc
16 A D G | L N P/Q Mfc
5 C F H J L N Q Mfg
12 C E H J L N Q Mfg
13 B F H J L N Q Mfg
17 B F G J L N Q Mfg
18 B E G J L N Q Mfg
3 A E H J K M (e} Mix
4 C F H J K M (0] Mix
6 C E/F H J K M o Mix
8 A F H J K M (e} Mix
10 AIC F H J L N Q Mix
15 A F H J K M o Mix
| C F H J K M (0] Mix
1l B E H J L N Q Mfg
] A F H J K M (e} Mix
\Y A D G | L N Q Mfc
Y, A D G | L N Q Mfc
\Y A E G 113 L N Q Mfc
VI A E H J K M O Mix
Vil A E H J K M (¢] Mix

which in turn was greater than fdvl. laxa Abundant simple to set up, and the characters are easy to identify and
sporulation was observed with all isolated/bffructicola two quick to record. The use of a synoptic key allows compensation
out of five isolates oM. fructigena but never forM. laxa for atypical isolates as well as for inaccurate assessment of
Concentric rings of spores were never observetfdaxa or characters, so is preferable to a dichotomous key. Although
M. fructigena but were seen clearly in four out of five isolates ideal for accurate identification dfonilinia species isolated
of M. fructicola Some isolates dfl. fructigenaproduced rings  from stone and pome fruits, it is not suitable for rapid diagnosis
in culture, but these were primarily thick rings of mycelium directly from infected plant material. Currently, this can be best
producing few spores. This could potentially cause confusiorachieved using the PCR test developed by Hughals(2000).
with M. fructicola The presence of a lobed colony margin helpedHowever, the cultural protocol and synoptic identification key
to separatd/l. laxafrom M. fructicolaandM. fructigena require only basic microbiological facilities and skills.
Unfortunately, although no rosettes with black arcs were
seen in any. fructicolaor M. fructigenaisolates, one isolate
of M. laxa (isolate 10) failed to develop black arcs, tpus-
venting clear separation. The identity of eight previouslyThis work was carried out with financial support from the
unidentified isolates obtained using the synoptic key agree@ommission of the European Communities, Agriculture and
with molecular characterization. Fisheries (FAIR) specific RTD programme, CT 95-0725,
‘Development of diagnostic methods and a rapid field kit for
monitoring Monilinia brown rot of stone and pome fruits,
especiallyM. fructicold. It does not necessarily reflect its
The synoptic identification key accurately identified all 25 views and in no way anticipates the Commission’s future policy
isolates oMonilinia tested in this study. The same success hai this area. The author wishes to thank the project co-ordinator
been achieved in all recent diagnostic work at the Central. Corazza (ISPV, Italy) and project partners (R. T. A. Cook,
Science Laboratory as part of routine plant health monitoringCSL, UK; H. A. van Kesteren, PD, The Netherlands; P. Melgarejo,
on behalf of DEFRA Plant Health Inspectors. The method idNIA, Spain; A. E. Brown, Queen’s University, Belfast, UK;
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Clé synoptique pour différencier  Monilinia
fructicola , M. fructigena et M. laxa, d’aprés
I'examen des caractéres en culture

Une clé synoptique d'identification de trois especeédallinia

morphologiqguement similaires affectant principalement de

S

Monilinia (brown rot) species7th International Congress of Plant
Pathology Abstract 3.3.72. Edinburgh (GB).

EPPO/CABI (1997Quarantine Pests for Europ@€nd edn. CAB Interna-
tional, Wallingford (GB).

Fulton CE & Brown AE (1997)se of SSU rDNA group-I intron to dis-
tinguish Monilinia fructicola from M. laxa and M. fructigena FEMS
Microbiology Lettersl57, 307-312.

Fulton CE, van Leeuwen GCM & Brown AE (1999) Genetic variation

among and withitonilinia species causing brown rot of stone and pome

arbres fruitiers & noyau et a pépins est décrite. Sept caracteresits. European Journal of Plant Patholod®s 495-500.
morphologiques ont été évalués aprés 10 jours d'incubatioAughes KJD, Lane CR, Banks J & Cook RTA (1996) @epment of
dans des conditions de culture bien définies. Aucun caractéremonoclonal antibodies for the detection and identificatioMarilinia
pris séparément ne permettait de séparer les espéces. CependafBp- causing brown rot of stone and pome fruitDiagnosis and Identi-
la clé synoptique a permis ldentification correcte de tous les fication of Plant Pathoger(eds Dehne, HVét al), pp. 391-393. Kluwer

isolats testés par comparaison avec une méthode moléculairﬁ

CuHonTnyecknu Knto4d ana auddepeHumpo-
BaHuA Monilinia fructicola, M. fructigena v
M. laxa, ocHOoBaHHbIHa U3y4YeHUU XxapaK-
MepUCMUK KyinbMypbl

B crarbe omuceiBaeTcsi cHHONTHYECKMH Koy (KoMOu-
HUPOBAHHAsl OIPEAEIUTESIbHAS TaOJMLa) i1 UACHTH-
¢ukamu  Tpex MOpP(OIOTMYECKH MOJOOHBIX BHIOB
Monilinia, mraBEBIM 00pa30M HOPaXKAIOMUX KOCTOYKOBBIC
U cemedkoBble M1ooBbie. CeMb MOP(OJIOTMYECKUX MPH-
3HAKOB OlLIeHUBAJIUCh ocite 10 qHeil MHKyOaluy npy YeTko
OIIpe/IEeICHHBIX YCIOBUX KyJIbTYpbl. He Obl10 Haliieno Hu
OIHOIl XapaKTepUCTHKHU, MO3BOJIIOIIEH CAMOCTOSITEILHO
pasnenuTh BUAbI TaTOreHOB. OTHAKO CMHONTUYECKUIT KITFOY
MIPUBEJT K IPABIJILHON UACHTH()UKAINH BCEX MPOBEPEHHBIX
U30JISITOB ITPU CPABHEHUY C MOJICKYJISIPHBIM METOIIOM.
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