Anthracnose on almond:
epidemiology and characterisation of
Colletotrichum acutatum

Suzanne F. Colmagro
B. Ag. Sc. (Hons) The University of Adelaide, Australia
B. App. Sc. (Physiotherapy) S.A.1.T., Australia

~

Thesis submitted for the degree of
Doctor of Philosophy
at The University of Adelaide

Discipline of Plant and Pest Science
Faculty of Sciences

July 2005



Table of Contents

F N 0] Tt S PP i
DT F1 o ) o D PP iv
ACKNOWIEAZEIMENLS. .. ..ottt et et et e et e eee e e e enene v
ADDIEVIAtIONS. ... ettt ettt ettt vii
Chapter 1  INtrodUCHION ......cooeirtircieriiiieetece ettt st e sae et e seauneeeas 1
Chapter 2 LiteTature TEVIEW ......cccuerceieeeriuinrieeieetertesessesessesseteseessteseesun envanseesssesesenses 4
2.1 BacKZround.......ccocoveereiiiiiiiieiiieeiteeetee sttt st et s re e e e s aeaesants 4
2.1.1 The almond INAUSITY ....cooveivirie ettt enee s 4
2.1.2 Anthracnose disease on almond: history, distribution and economic
IIIPOTLANICE. ... cveereeeeeeeeteritesiteetee e eratesies st eeseareeseeseesasessaesssesaeestesaesabanssenssanssenses 5
2.2 The genus Colletotrichum Corda...........cccoeeveereveeiieeiieneieeree e 8

2.3 Identification and characterisation of Colletotrichum acutatum by cultural

TNELHOAS ... oo se e es e s e s s s esossee e s sssss s s s s e e ssasssssseesss 9
2.3.1 Morphology and cultural characteristics........coccuerrverrrueriveensreeneesiueenne 10
2.3.2 N Vegetative compatibility group analysiS.......ccccceeeverieesiurersveenneeenseennes 12

2.4  Identification of C. acutatum using molecular methods..........cc.ceceeevernnenne 13
24.1 Immunological identification..........coccveerieeneieniierniieeseecneereessaeesreennes 13
242 DNA-based identification..........cecuevereereenierienenieneneenienieeeeseeneessecnens 14

2.5 DNA-based characterisation of fungal plant pathogens ..........c.cccceeeveeunenne. 15

2.5.1 Factors and mechanisms responsible for genetic diversity.................. 15



252 Development of molecular markers........ccccceeveeeeneenierserceneeneeeenees 17

2.5.2.1 Restriction Fragment Length Polymorphism analysis........c........... 18
2.5.2.2 PCR-based Methods......cccceeoueeierrieeencieiieneeeeeeie st e e eneeas 19
2.5.3 Molecular analysis of C. GCUIQIUM ..........coueeeeivceccriniineererieeeceaee 24
2.6  Epidemiology of anthracnose on almond ........cc.ccccceeievenieineninsienieneennnee 27
2.6.1 The dISEASE CYCLE ....uuviiiiieeiiiieie ettt r e s e 27
2.6.2 SYIMPLOIMS ...coniiiiiiiiieeiiieeteeete ettt st stes st ssre e etee st e snes s ereesaeenaas 29
263 Cultivar susceptibility ........cccvveerveerieriiersieenienieeriieeneeneas .................. 30
264 Main source(s) Of INOCUIUM ...c..corieiiiiirriirenie ettt se e 30
2.6.5 PathOZENICILY...coeeuieiiiieecieerteeieeie ettt ae e sre st resr e s s aesnneas 33
2.6.6 Environmental faCtOrS.......c.eeuvcerrieieenrienieniieeniecieesreeteeeee e see e 34
2.6.7 DiS€ase MaNAZEIMENL.......cccueveruereerrerrerrereenrensensenniereesestessessessreseenenees 36
2.6.8 Disease development MOdelS.........cccveriirererieereneenieneneeneeneeneneens 38
2.7 SUMMATIY .ttt ettt s e s e e s e e s neesmneeas 40
2.8 ReESEATCh ODJECHIVES...ccruiiiieuiiie et ieeie et tesee et e stesreesanesseeaessaes e eaee 41
Chapter 3  General materials and methods.......c.cocceeevieiriierinienineenenreece e 42
3.1 Collection and establishment of isolates of C. acutatum..................c.......... 42
3.2 FUunNgal CUltUIES......coiiiiiiiiiieiiie ettt e creee e e st e e 44
3.3 Identification of C. acutatum using PCR........cccccocvvrviinciinniennienieenieennnens 48
3.3.1 Isolation and purification of fungal DNA..........cccoviiirviimrniinieneennee, 48

3.3.2 PCR amplification.......ccocuiierieriuiiineciieeneenieeeieesinesieesereseeesaesssass seeeas 50



3.3.2.1 Identification of C. acutatum using genomic DNA ..........ccccceeueenen. 50

3.3.2.2 Identification of C. acutatum using mycelial extract.............cc....... 51
3.33 CONCIUSIONS. ... ce vttt et ettt e sttt sae st sete st sae b eas eae e srense O3
3.4 Source and maintenance of potted plants............ceceevereienenreesieenecenennennnne 54
3.5 Confirmation of identity of almond CultiVars .........cccceecuecueererresseeneesseeneenes 55
3.5.1 PCR using anchored dinucleotide primers.........ccuueeceerneeneverceennneennn 56
3.5.2 PCR using S-allele PrimeTs......cccceevuerieeieneeiienieneesteneseeseeseesneeenees 57
3.53 CONCIUSIONS.......eiutiiiirienie ittt ettt st st et esten saesbesnees 59
Chapter 4 Morphological and cultural variation of Colletotrichum spp. ........c........ 60
4.1 INEIOQUCTION ..ttt et et et et ee e et sae e 60
4.2  Materials and MeEthOdS ......ccccovieieeieeritirtirieeeeteset e ettt ettt e 61
4.2.1 Morphological Variation........cc.ceceeeirienieniieneeentenreeeeseesrecrecvecveeneas 61
4.2.1.1 Colony characteristics and conidial morphology..........ccccevereerueenee. 61
4.2.1.2 Statistical analysis........cccecererervereinnnne e eeeeere e ee e 64
4.2.2 Growth rate at a range of teMPEratures. ........ccouvereeeeeseerreeeeverveesneennne 66
43 Re;llts .......................................................................................................... 67
4.3.1 MOorphological VATIAtION. ......cceeeueerereieieierieeeeeneieneeese ereeeesneeneeeeeneee e 67
4.3.1.1 Cultural CharaCteriStiCS........ceertereerrerreerrnnreereernreeseeseeseessressaesseseens 67
4.3.1.2  Conidial MOTPhOIOZY ...ccvveeriviriiiniiieiieeiteret et ere e 69
4.3.2 Growth rate at a range of teMPEratures..........cccveeeeeveeeeeerereseveeesvesennes 81

4.4 IS CUSSION et et eeeeeee e eeeee e e e e e eeeeeeeeeeeeetaeeeeeeeeeaees oreeeeeemaereeneeaeseesseresaaesesesnees 86



Chapter 5 Genetic variation among ColletotriChum SPP. «..cceeeeeeeeeveeeeeeenseenseeeenenns 98

5.1 INErOAUCEION......cceetitiineeiete ettt ettt ettt ss s e st e s eaes 98
5.2 Materials and MethOdsS .....cc..coeeeieieriinieiice et e 100
5.2.1 PCR amplification.......ccceeeeeriirinneieneeeetenere e siese et sebe e sae e 100
5.3 RESUILS ..ottt e e st st e e e e e e bae e e esaeeenane 102
5.3.1 Genetic variation of C. @QCUIALUM ..........ceeeeeecceeenieieeneesieee et 102
5.4 DISCUSSION....eiitiiieniiitietrteerteeierteste st et et e e srtesseesre s ssbe bt sasesaesnnesuens 108
Chapter 6 Pathogenicity of Colletotrichum spp. * .................. 114
6.1 Introduction........ s 114
6.2  Materials and Methods ......c..cocereeriiniiniinirceeeee e 115
6.2.1 General materials and methods........cocueeeeverienieseenenncrecceeeeee 115
6.2.2 Pathogenicity on detached 1€aVes .........c.ceecueemuuienceenieiniieeieeeeeene 117
6.2.2.1 Experiment L1 - preliminary .......cccocceeeveeenverseienreeerseenseesneesserennens 117

6.2.2.2 Experiment L2 - pathogenicity of C. acutatum from Australia and
ISTACL ettt et st st et 117

6.2.2.3 Experiment L3 - pathogenicity of C. acutatum from Australia, Israel

P oo W @F:1 15 (o) v (VL= VOURURUUROR OO TR 118

6.2.2.4. Experiment 14 - susceptibility of Price and Nonpareil at different

LOINIPETATUTES «.eveeenniiieeeecieteeeeeeeteeeeerreeeeeeareeeeeeeseseen sonemeeeeensnes seeesnnnessannnees 119
6.2.3 Pathogenicity on detached fruit .........cccccceveemeniincrinii e 119
6.2.3.1 Experiment F1 - preliminary.......ccccoeeeeeemverieenvenieenienceesene e 119

6.2.3.2 Experiment F2 - pathogenicity of C. acutatum from Australia and
ISTACL ettt ettt et et 120



6.2.3.3 Experiment F3 - pathogenicity of C. acutatum from Australia, Israel

ANA CAlITOINIA. c.eeiiiiiieieiiieeittteeeeee e eeeeeeeeeeeeeeeseseseeseseseseseeseseeseseseeessene 121

6.2.3.4 Experiments F4a and F4b - susceptibility of almond cultivars and
hybrids tO C. QCUIQTUM.......cueeneeeeeeieiieeiceee ettt e e 121

6.2.3.5 Experiment F5 - pathogenicity to almond of C. acutatum from

almond and other hOoStS .......coociiiiiiiiiiiiiiieeeee e 122
6.2.4 Pathogenicity to almond shoots - preliminary experiment ................ 123
6.3 RESULLS ...ttt e 124
6.3.1 Pathogenicity on detached 1€aves ..........ccooceeveviencieneeniencieniereeeee 124
6.3.1.1 Experiment L1 - preliminary .........cccccecveeveeneeneesenseenieeneenesseeennes 124

6.3.1.2 Experiment L2 - pathogenicity of C. acutatum from Australia and
ISTACL ettt sttt 124

6.3.1.3 Experiment L3 - pathogenicity of C. acutatum from Australia, Israel

ANA CALITOIMIA ¢ttt eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeea—ne e aaaaeaaaaeasasasaaaessaaeaeeees 125

6.3.1.4 Experiment L4 - susceptibility of Pricg and Nonpareil at different

114010153 21801 {1 SR PPPPOPOPPPPRRN 127
6.3.2  Pathogenicity on detached frult ..o, 128
6.3.2.1 Experiment F1 - preliminary.........ccccceeceevuerieniieniienscenceneesenseennen 128

6.3.2.2 Experiment F2 - pathogenicity of C. acutatum from Australia and
ISTACL ettt et e e ane e e e 129

6.3.2.3 Experiment F3 - pathogenicity of C. acutatum from Australia, Israel
ANd CalifOIMIA......iiiiiiieieeieei ettt s a e st e e e saeeeas 130

6.3.2.4 Experiments F4a and F4b - susceptibility of almond cultivars and
hybrids tO C. QCUIAIURM ............ueeeeeeeeciieeieeeeieecteetaece e e e eaeeeteessaeeeeaeessaeans 132



6.3.2.5 Experiment FS - pathogenicity of C. acutatum from almond and

other host plants on almond...........ccceeriiineiiininieninecrtee e 133
6.3.3 Pathogenicity to almond shoots - preliminary experiment................ 134
6.4 DISCUSSION ..eiutieiriteiecetteetese et et e see et e rte et et e st e etesae e s tesecee e eeenne se e eaneenne 137
Chapter 7 Epidemiology of anthracnose on almond .........cccceeeveeeeeieniencevennecennenne 145
7.1 INtrOQUCHION ...ttt ettt et ettt e st e ee e 145
7.2 Materials and Methods .......ccceoeueeiiiieiniiee e et 147
7.2.1 Disease development in the field ........coceevvieeieiiiiineiineeniieiceeee 147
72,101 FIeld SIt@.ccuiiieiecie st ceie ettt ete st en e e s e sae e e 147
7.2.1.2  Monitoring anthracnose diS€ase..........ce.cvvueeereerreeenneerrerneerserneennne 148
7.2.1.3  Weather data colleCtion..........c.ceevereiienciniiienieeeeeereeee s e 150
7.2.1.4  Data @nalySis ...ccceeeveeersiieneeienseeeeieeteeee st e eee e ss e sesesanas 150
7.2.2 Isolation of C. acutatum from plant material........c.ccccceeeeveeiirncnncene 152
7.3 RESUIS ettt 153
7.3.1 Disease development in the field .......c..occeveereicieniinrenciercnieceeee 153
7.3.1.1  Season 2002 ......ccoviiiiiiiiiiiiiiiiniinteertectee et 153
7.3.1.2  Season 2003 .......cooviirieriieeieerree ettt ettt e st e eae 155
7.3.1.3  Season 2004 .......coueeieiiieieneeteet et 159
7.3.1.4 Mummified fruit and disease incidence for all seasons................. 162
7.3.1.5 Environmental variables and disease development ....................... 164
7.3.2 Isolation of C. acutatum from plant material...........ceccceveerceeneeveennenns 167

7.4 DISCUSSION «etuetueereeeaeiteeeeeesteeesaeeeesseneaeseeenesssennsnnsnessonseseensseseesesseseseeseenen 172



7.4.1 Disease development in the field .......cceeceevieeieniiiesieeieieeeieeeeeenne 172

7.4.2 Isolation of C. acutatum from plant material..........occeevercernveerueneennen. 178

7.5 SUININATY ..ttt et et e s e e st e st s beeae st e satesseesseesbeensesasesane 182
Chapter 8 (General DISCUSSION ......cceeueririeerieniintinienrenenteriteeseeeecresreseessesseeeesnens 184
Appendix A (media and rEAZENLS) .....c.eeivereirirrrirraieerarierieereeriteessessesessessassesensassanas 194
APPENAIX B oottt ra e e s sta e e baessnesaea s 196

R ETEIICES ettt eee e ettt et ettt e eeeeeeteeesassasaassssssssasssssnssnsannssansnnssnnsnsssnnsssasees 197



In Australia, anthracnose on almond is caused by the ascomycete fungus Colletotrichum
acutatum. Anthracnose has been confirmed throughout the major almond growing regions of
Australia and significant economic losses have been reported. Fungicide trials carried out in
Australia in 2000, prior to this project, yielded variable results that differed from those
achieved in California. Two subpopulations of C. acutatum from almond have been reported
in California, whereas one clonal population of Colletotrichum sp. from almond has been
described in Israel, which differed from the subpopulations of C. acutatum in California. A
collection of isolates of C. acutatum from almond in Australia was established. The isolates
were characterised with respect to morphology, genetic variation and pathogenicity to
detached plant tissues, and compared to representative isolates of Colletotrichum sp. from
California and Israel. Plant material was cultured at regular intervals for isolation of C.
acutatum to determine which tissues were likely to be the main sources of inoculum. The
development of anthracnose on almond was monitored in the field for three successive
growing seasons and relationships with weather data €xamined to elucidate the environmental

conditions that are most conducive for disease.

There was‘.uct)nsiderable variation among isolates of C. acutatum from almond in Australia in
terms of morphological and cultural characteristics. However, three main morphotypes were
evident, namely pink, orange and cream colony colour. In general, isolates of C. acutatum
from Australia were more similar morphologically to the pink subpopulation of C. acutatum
from California than to the grey subpopulation from California and the isolates of

Colletotrichum sp. from Israel.



Isolates of Colletotrichum sp. from almond in Australia were confirmed as C. acutatum by
means of PCR with C. acutatum-specific primers. Subsequently, genetic variation was
investigated using PCR with inter-simple sequence repeat primers, and the data were
clustered using UPGMA. Allisolates of C. acutatum from almond in Australia, except for
one, shared 100% genetic similarity to one another, suggesting that the population of C.
acutatum from almond was likely to be largely clonal. The isolates of C. acutatum from
almond in Australia were genetically distinct from the isolates of the pink and grey
subpopulation of C. acutatum from almond in California and from the Colletotrichum sp.

from almond in Israel.
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Pathogenicity experiments on detached leaves and fruit revealed pathogenic variation among
representative isolates of C. acutatum from almond in Australia, California and Israel,
however, all isolates tested caused disease symptoms. The susceptibility of the main almond
cultivars grown in Australia was examined by inoculating detached leaves and fruit with
isolates of C. acutatum from almond in Australia, California and Colletotrichum sp. from
Israel. The results were inconclusive, and further research is needed to develop a rapid and

reliable screening method to assess cultivar susceptibility.

The isolation of C. acutatum from almond tissues monthly for one year suggested that
mummified fruit, peduncles and woody tissue were potentially significant sources of primary
inoculum. These findings support the recommendation that the removal of mummified fruit

and associated woody tissue may reduce inoculum potential and subsequent disease.

Correlating disease incidence in the field with weather data showed that rainfall early in the
growing season appeared to be important in the development of anthracnose. Infection of
almond tissues occurred when fruit was young, and disease incidence did not increase beyond

November in two out of the three years during which disease was monitored. Disease



progress curves and relative area under the disease progress curve data showed significantly
greater disease incidence on Price than Nonpareil, whereas the apparent rate of infection for
Nonpareil and Price was similar for 2002 and 2003. On balance, these results suggested that
there was little difference in susceptibility between Price and Nonpareil, but disease incidence
may differ due to other factors, such as timing of fruit set, however, further investigation is
needed to substantiate this. These results endorse the current recommendation that
preventative fungicide sprays commence early in the growing season, however, sprays may

not be necessary beyond November.



