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Abstract

16 breeding clones, obtained within the Italian National Project “Potato breed-
ing”, and two commercial cultivars (‘Arinda’ and ‘Spunta’), were screened for re-
sistance to Fusarium sambucinum and Erwinia carotovora subsp. carotovora. The
screening was performed on tubers grown in the winter-spring cycle, in Southern
Italy (Angri). Genotypes CS 90-164-13 and E 2121 proved the most resistant both
to F. sambucinum 1228mc ISPaVe and E. carotovora subsp. carotovora 009 ArBoPaVe.
The new clones ISCI 88/95-39 and ISCI 24/93-147 showed a good agronomical
performance when grown in extra-seasonal cycle in agronomical trials performed
in Southern Italy (Scafati, Salerno).
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Introduction

Dry and soft rot are probably the most important cause of post harvest potato
losses worldwide. Dry rot affects tubers in storage and seed tubers after planting
while soft rot spreads in tubers in the field, transit and storage. Dry rot is caused by
a number of Fusarium species (Boyd 1972), including F. sambucinum Fuckel (syn. F.
sulphureum Schlecht.) and F. solani (Mart.) Sacc. var. coeruleum (Lib. ex Sacc.) C.
which appears most often (Boyd 1972, Marte and Tamburi 1979, Leach and Webb
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1981, Manici and Cerato 1992, Hanson et al. 1996, Sadfi et al. 2001). Furthermore,
other potential causal agents of potato dry rot have been reported to be F.
avenaceum (Fr.: Fr.) Sacc., F. culmorum (W.G. Sm.) Sacc. and F. oxysporum Schlecht.
and, under rare circumstances, F. acuminatum Ellis et Everh., F. crookwellense Bur-
gess, Nelson et Toussoun, and F. equiseti (Corda) Sacc. (Stevenson et al. 2001).

Potato soft rot represents another important constraint of this crop and is
caused by Erwinia carotovora subsp. carotovora (Jones) Bergey, Harrison, Breed,
Hammer et Huntoon and E. carotovora subsp. atroseptica (van Hall) Dye
(Pérombelon and Kelman 1980).

Various techniques for managing dry and soft rot are practised during potato
cultivation and storage, however, these diseases still cause severe losses. The use
of resistant cultivars represents an additional mean for preventing the diseases.
Currently, to our knowledge, no potato cultivar is sufficiently resistant to dry and
soft rot, and alternative sources of resistance would be potentially useful.

The aim of this work was to screen 16 breeding clones (selected from the geno-
types collection obtained within the Italian National Project “Potato breeding”)
and two cultivars for resistance to F. sambucinum and E. carotovora subsp. carotovora,
causal agents of dry and soft rot, respectively, in order to identify potential sources
of resistance to both pathogens.

Material and methods

Plant material

Tubers of 16 breeding clones and two cultivars (‘Arinda’ and ‘Spunta’) were
grown in the winter-spring cycle in Southern Italy (Angri, Salerno) and harvested
in June 2002 (Table 1).

Pathogens and inoculation procedures

A monoconidial isolate of F. sambucinum 1228 mc ISPaVe (FSA 1228), obtained
from rotted tubers harvested in Central Italy (Viterbo), were cultured on potato
dextrose agar (PDA, Oxoid) for 10 days at 24°C. The isolate was shown to be
highly virulent in previous artificial inoculation tests (Vitale et al. 2003).

20 tubers of medium size of each clone or cultivar were washed under running
water, sterilized with a mixture of sodium hypochlorite (3%) and ethanol (5%) for
3 min and inoculated with disks of PDA (7 mm in diameter, 2 mm thick) support-
ing mycelium from 10-day-old cultures. The inoculum was inserted into holes (2
mm deep) made on tubers with a 7 mm cork-borer. Control tubers were inoculated
with sterile PDA disks. Tubers were covered with polyethylene bags and stored at
15°C on wet filter paper (Tivoli and Jouan 1981). Visual ratings of disease develop-
ment were performed after three weeks on tubers cut at the middle point of the in-
oculation site. The rotten area around each inoculation site was calculated by
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multiplying a measurement of depth by
its width. Each tuber was given a rating
which was averaged within a replication
and across two replications to deter-
mine a mean rating for each genotype.

Bacterial strain used in the test (E.
carotovora  subsp.  carotovora 009
ArBoPaVe, ECC 009) was supplied by
International Potato Center (IPC) of Li-
ma (Peru). The isolate was cultured on
nutrient agar (NA, Oxoid) containing
0.25% of glucose at 25°C for two days.
For inoculation tests a bacterial suspen-
sion of 1 x 107 cfu per 1 ml obtained by
measuring of absorbance at 530 nm was
used. Prior to inoculations, tubers were
sterilised by immersion in the solution
of sodium hypochlorite (2%) for 20 min.
On each tuber four holes with a sterile
drill (15 X 2 mm) were made. After in-
jection of the bacterial suspension (20 pl
per hole), tubers were stored at 22°C
with 90% of humidity. After 72 h the tu-
bers were cut open at the middle point of
the inoculation and the diameter of rot-
ted tissue was measured. The clones
with diameter of lesion < 4 mm were
considered resistant. For each clone 20
tubers were used.

The data from two inoculation tests
were subjected to analysis of variance
and Duncan’s test (p = 0.05) with the
STATGRAPHICS Plus 2.0 Program.

Table 1
Origin of potato clones

Cultivar or clone Origin
CS 90-157-28 1
CS 90-164-13
CS 90-164-33
E 1521

E 1569

E 2121

ISCI B 26

ISCI 24/93-90
ISCI 24/93-101
ISCI 24/93-126
ISCI 24/93-147
ISCI 88/95-39
MN 1283 M17
MN 1364 O5
MN 1461 R6
MN 1404 R1
MN 1512 R11
MN 285

MN 290
‘Arinda’
‘Spunta’
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Agrico — NL
Hettema - NL

1 — Dipartimento di Scienze Agronomiche e
Genetica Vegetale, Universita degli Studi di Na-
poli, 2 — Istituto di Genetica e Sperimentazione
Agraria “N. Strampelli”, Lonigo (VI), 3 - Istituto
Sperimentale per le Colture Industriali, Bologna,
4 — Centro Interprovinciale di Sperimentazione
Agroambientale (CISA) “M. Neri”, Imola (BO).

Results

All clones tested with FSA 1228 displayed typical symptoms of dry rot, al-
though at varying levels. For the most susceptible clones (ISCI 24/93-101 and ISCI
24/93-147), the site of infection slowly enlarged in all directions, while the
periderm over the lesion sank and became wrinkled, however, at times concentric
rings appeared as the underlying dead tissue desiccated. Internal necrotic areas
were in shades of a brown colour, from tan to dark chocolate brown (Phot. 1). The
clones CS 90-164-13 and ISCI 88/95-39 proved the most resistant to FSA 1228 and
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Phot. 1. Tuber of the most susceptible clone (ISCI 24/93-101) with typical symptoms of dry rot
(photo by S. Vitale)

Phot. 2. Tuber of the most resistant clone (ISCI 88/95-39) displaying hypersensitive necrotic
lesions around the inoculation site (photo by S. Vitale)
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produced necrotic lesions around the inoculation site (Phot. 2). The other geno-
types showed similar results but to different extent (Table 2).

In the inoculation test with ECC 009, soft rot symptoms on tubers of the most
susceptible clones (MN 1512 R11 and E 1569), as well as of ‘Spunta’, first ap-
peared as small tannish, water-soaked spots on the surface. These spots rapidly en-
larged and the tissue decomposed into a soft area on the surface of the tubers. The
genotypes ISCI 24/93-147, E 2121 and CS 90-164-13 were found the most resis-
tance to ECC 009 (Table 3).

Cultivar ‘Spunta’, the most resistant to FSA 1228, proved the most susceptible
to ECC 009, however, the clone ISCI 24/93-147, the most resistant to ECC 009,
proved the most susceptible to FSA 1228. However, CS 90-164-13 and E 2121

proved the most resistant to both FSA 1228 and ECC 009.

Table 2

Inoculation test with Fusarium
sambucinum 1228mc ISPaVe of the 16
breeding clones and two cultivars
(‘Arinda’ and ‘Spunta’) grown
in Southern Italy (Angri) — 2002

Table 3

Inoculation test with Erwinia
carotovora subsp. carotovora ArBoPaVe
of the 16 breeding clones and two
cultivars (‘Arinda’ and ‘Spunta’) grown
in Southern Italy (Angri) — 2002

Cultivar or clone Mear} area of o teen Cultivar or clone Meap area of ratten
tissue (cm”) tissue (mm)

‘Spunta’ 1.10a ISCI 24/93-147 4.6a
CS 90-164-13 1.24 ab E 2121 49a
ISCI 88/95 39 1.35 ab CS 90-164-13 6.5 ab
MN 1461 R 6 1.66 abc ISCI 24/93-101 7.2 bc
E 2121 1.84 abcd MN 1283 M17 7.9 bed
MN 1512 R 11 1.91 bed MN 1364 O5 8.1 bed
‘Arinda’ 2.30 cde 1SCI 24/93-90 8.3 bed
MN 1404 R 1 2.41 de CS 90-164-33 8.4 bede
E 1569 2.54 def ‘Arinda’ 8.6 cde
CS 90-164-33 2.55 def MN 1404 R1 8.7 cde
0ISCI 24/93-126 2.78 efg ISCI 88/95-39 9.3 def
CS 90157 28 2.87 efg ISCI B 26 10.2 efg
E 1521 3.08 efgh ISCI 24/93-126 10.6 fg
MN 1364 O 5 3.26 fgh MN 1461 R6 11.1fg
ISCI B 26 3.31gh E 1521 119¢g
ISCI 24/93-90 3.46 gh CS 90-157-28 12.1 gh
MN 1283 M 17 3.53 gh MN 1512 R11 13.9h
ISCI 24/93-147 3.65h E 1569 13.9h
ISCI 24/93-101 3.69h ‘Spunta’ 14.0h

Means followed by the same letter do not dif-
fer significantly at p = 0.05 (Duncan’s test).

Means followed by the same letter do not dif-
fer significantly at p = 0.05 (Duncan’s test).
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Discussion

The high level of resistance to FSA 1228 checked in ISCI 88/95-39 and to ECC
009 in ISCI 24/93-147 is an outcome of good genetic recombination pointing to
the parents used as a source of resistance. The pedigree of ISCI 88/95-39 is follow-
ing {Pioneer x [Tobique X (A744114-4 X scr-PI#498301)]} and four parents used
were reported as resistant to dry rot (Corsini and Pavek 1986, Davis et al. 1983,
Lynch et al. 2003) while that of ISCI 24/93-147 is {Adora x [(IPSV 53 x (selfed) x
adg-P1#281133)]} and two of these parents were known as resistant to Erwinia spp.
(Ciampi-Panno and Andrade-Soto 1984, Rousselle-Bourgeois and Priou 1995).
The two Italian potato clones identified combined high resistance to FSA 1228 or
ECC 009 with good agronomic characteristics.

The new clones ISCI 88/95-39 and ISCI 24/93-147 showed a good agronomical
performance when grown in extra-seasonal cycle in agronomical trials of the Ital-
ian potato breeding project (Scafati, Salerno); of these the first lends itself more for
fresh market, the second clone is very interesting for use in French fries.

In a recent work, clone ISCI 67 proved highly resistant to FSA 1228 when
grown in the different environments of Southern (Angri, Salerno) and Northern It-
aly (Brunico, Bolzano). Moreover, the genotype had good agronomical perfor-
mance, therefore, it will be included in the “Cultivar list of agronomical species”
and will be named ‘Elmas’ (Parisi et al. 2003, Vitale et al. 2003).

Summary

Many species of fungi and bacteria can cause damage to potato crops, both in
the field and during storage. Dry rot and soft rot are two of the most important
post harvest diseases of potato tubers occurring worldwide. Fusarium sambucinum
and F. solani var. coeruleum are the most common pathogens causing dry rot of
stored tubers while bacteria, of the genus Erwinia, as E. carotovora subsp. carotovora,
and E. carotovora subsp. atroseptica are the causal agents of potato soft rot. In this re-
search, the Plant Pathology Research Institute of Rome and the Department of
Horticulture, Botany and Plant Pathology of the University of Naples collaborate in
the Italian National Project “Potato breeding” to evaluate tuber resistance to post
harvest fungal and bacterial rot.

In this work 16 breeding clones, grown in Southern Italy and harvested in the
year 2002, were screened for resistance to dry and soft rot using isolates of F.
sambucinum and E. carotovora subsp. carotovora which resulted in higher virulence
than in previous artificial inoculation tests. Italian potato clones ISCI 88/95-39
and ISCI 24/93-147 were proved to combine high resistance to FSA 1228 or ECC
009 with good agronomic characteristics.
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Streszczenie

OCENA ODPORNOSCI KLONOW ZIEMNIAKA
PRZYSTOSOWANYCH DO REJONOW SRODZIEMNOMORSKICH
NA SUCHA I MOKRA ZGNILIZNE BULW

Wiele gatunkéw grzybéw i bakterii powoduje szkody na ziemniaku, zaréwno w
polu, jak i podczas przechowywania. Sucha i mokra zgnilizna sa najgrozniejszymi
chorobami przechowalnianymi bulw ziemniaka wystepujacymi na calym $wiecie.
Fusarium sambucinum i F. solani var. coeruleum sg patogenami najczesciej powodu-
jacymi suchg zgnilizne, podczas gdy bakterie rodzaju Erwinia, takie jak E. carotovora
subsp. carotovora i E. carotovora subsp. atroseptica, sg sprawcami mokrej zgnilizny.
W opisanych badaniach Instytut Fitopatologii w Rzymie i Wydzial Ogrodnictwa,
Botaniki i Fitopatologii Uniwersytetu w Neapolu wspotpracowaly w ramach naro-
dowego wloskiego projektu badawczego ,,Hodowla ziemniaka”, aby oceni¢ odpor-
no$¢ bulw ziemniaka na zgnilizne przechowalniang pochodzenia grzybowego i
bakteryjnego.

W pracy oceniano odpornoé¢ 16 klonéw hodowlanych, uprawianych w potu-
dniowych Wtoszech w 2002 roku, na suchg i mokra zgnilizne powodowang przez
izolaty F. sambucinum i E. carotovora subsp. carotovora, ktoére wykazaly wiekszg wiru-
lencje niz we wczeéniejszych dosdwiadczeniach infekcyjnych. Wioskie klony ziem-
niaka ISCI 88/95-39 oraz ISCI 24/93-147 taczyly w sobie bardzo duza odpornosé
na FSA 1228 albo ECC 009 z dobrymi cechami uzytkowymi.
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