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Abstract.
Lozoya-Saldaña, H., and Hernández-Vilchis, A. 2001.
Postharvest decay of potato tubers in moist chamber and in
two types of soil. Revista Mexicana de Fitopatología 19:140-
146
Washed and non-washed, as well as non-inoculated and
inoculated potato tubers with Phytophthpora infestans from
eleven recently harvested genotypes were incubated either
in: a) the dark, at 100% relative humidity in plastic bags (moist
chambers), b) in naturally infested soil, or c) in a sterile soil
mix. The temperature regime was 4 to 27ºC day/night 24 h
cycle. After four weeks in the plastic bags, tubers from foliage
resistant varieties Norteña, Michoacán and Montsama were
more than 30% decayed, while those from Alpha, Atlantic
(both foliage-susceptible), Torridon and clone 53-87 (foliage-
resistant) were less than 10% affected. Inoculated, non-
washed potatoes averaged the least decay (11%) and the
opposite was true for the non-inoculated washed ones (21%).
When incubated in infested soil or in sterile mix, susceptible
varieties Alpha and Atlantic, and resistant clones Cruza, 53-
87, and 53-101 averaged the least decay among all treatments
and genotypes. Foliage resistant varieties Norteña, Rosita,
Michoacán, Montsama, Torridon, and Monserrat were more
susceptible to tuber rot when not inoculated than when
infected with P. infestans, and no direct relationship between
foliage and tuber resistance was found among genotypes.
Sterile mix resulted in a better substrate for tissue deterioration
than natural soil; washed tubers were more susceptible to
decay than non-washed ones; and the moist chamber favored
rotting better than the other two environments (soil and mix).
Also, there was significant tissue decomposition in the
absence of the oomycete, and whenever natural soil was
present, either as substrate or as in the surface of non-washed
tubers, general infections were suppressed, as an indication
of the presence of antagonistic factors.

Additional keywords: Late Blight, breeding, resistance,
suppressive soils.

Resumen. Tubérculos lavados y sin lavar, así como
inoculados y sin inocular con Phytophthora infestans de
once genotipos recién cosechados, se incubaron en a)
oscuridad a 100% de humedad relativa en bolsas de plástico
(cámara húmeda), b) suelo naturalmente infestado, o c) una
mezcla estéril de sustrato. La temperatura fue de 4-27ºC en un
ciclo de 24 h día/noche. Después de cuatro semanas en las
bolsas de plástico, los tubérculos de las variedades de follaje
resistente Norteña, Michoacán y Montsama tuvieron más
del 30% de pudrición, mientras que los de Alpha, Atlantic
(ambas de follaje susceptible), Torridon y el clon 53-87 (de
follaje resistente) presentaron daño en menos del 10%. Las
papas inoculadas sin lavar promediaron el menor deterioro
(11%), mientras que lo opuesto fue para las que se lavaron y
no tuvieron inoculación (21%). Cuando se incubaron en el
suelo infestado o en la mezcla estéril, las variedades
susceptibles Alpha y Atlantic, así como los clones resistentes
Cruza, 53-87, y 53-101, promediaron la menor descomposición
de entre todos los tratamientos y genotipos. Las variedades
de follaje resistente Norteña, Rosita, Michoacán, Montsama,
Torridon y Monserrat, fueron más susceptibles a la pudrición
de tubérculo cuando no se inocularon que cuando se
infectaron con P. infestans, y no se eoncontró una relación
directa entre la resistencia del follaje y del tubérculo en los
genotipos evaluados. La mezcla estéril resultó el mejor
sustrato para el deterioro del tejido que el suelo natural; los
tubérculos lavados fueron más susceptibles a la pudrición
que los no lavados; y la cámara húmeda favoreció mejor a la
pudrición que los otros dos ambientes (suelo y mezcla).
También se presentó descomposición significativa del tejido
en ausencia del oomyceto, y cuando el suelo natural estuvo
presente como substrato o en la superficie de tubérculos sin
lavar la infección se redujo en general, como indicación de la
presencia de factores antagónicos.

Palabras clave adicionales: Tizón Tardío, mejoramiento,
resistencia, suelos supresivos.
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It has been long accepted that Toluca Valley, in Mexico, is
where the potato and tomato late blight pathogen
(Phytophthora infestans Mont de Bary) originated (Goodwin,
1996; Mills and Niederhauser, 1953; Reddick, 1932). In this
region, P. infestans has lived in equilibrium with wild Solanum
species for centuries by inducing different levels of foliage
infection without killing plants (Grünwald et al., 2001;
Niederhauser and Mills, 1953; Reddick, 1932). However, tuber
infection is seldom found in the wild or in cultivated
susceptible genotypes (Reddick, 1932), or at least the
incidence of tuber rot does not correspond to that of the
foliage. Growers take advantage of this phenomenon in two
ways: the valley has been the main tuber seed supplier in
Mexico for almost fifty years with no records on tuber rot or
lack of emergence due to late blight, as reported under other
situations (Platt et al., 1999), and subsistence farmers in the
highlands of central Mexico keep their potatoes in the soil
long after maturity, in order to harvest them at higher market
prices. Genetic factors relating foliage and tuber resistance
are controversial. In the 1950’s, Toxopeus (1958) did found a
direct relationship on this aspect among the most common
European varieties derived from Solanum tuberosum subsp.
tuberosum, although in those years in Europe, the late blight
pathogen was not as aggressive as it is today (Duvauchelle
and Dubois, 2000; Heremans and Lamart, 2000). Similarly, Platt
and Tai (1998) observed the correlation between tuber and
foliage disease response in Canada. On the other hand, the
lack of such relationship has been reported under laboratory
conditions by Ramanjulu and Christ (1998) and Ramanjulu et
al. (1998), and in greenhouse by Caballero-Cardenas, (1999).
Soil microflora and host metabolites have also been
considered as tuber infection interfering factors (Engstrom
et al., 1999; Fairclough et al., 1997; Ferrera-Cerrato et al.,
1999). However, no reports were found on the role of the soil
type and its microenvironment over tuber deterioration by
Late Blight. The objectives of this study  were to identify
plant, soil and/or incubation factors involved in potato tuber
rot on clones and varieties with different levels of foliage
resistance to the pathogen, as well as to confirm the
suppressive peculiarity of the Toluca Valley soils,  as a follow
up to a previous assay (Caballero-Cardenas, 1999).

MATERIALS AND METHODS
Moist chamber. Under non-controlled greenhouse conditions,
tubers from eleven clonal selections with different levels of
foliage resistance to Late Blight, were incubated in the dark
at 100% relative humidity in plastic bags (moist chambers)
for four weeks at 4 to 27ºC night/day gradual fluctuation.
Selections included were the varieties Alpha, with 98% final
foliage infection for the last three years; Atlantic, 98%;
Norteña, 22%; Rosita, 38%; Michoacán, 35%; Montsama,
30%; Torridon, 60%; also, clones Cruza, 25%; 53-87, 17%; 53-
101, 27%, and the variety Monserrat, 10% (Lozoya-Saldaña,
1997-2000; Rivera-Peña, 1999; Romero-Montes, 2000). Pre-
treatments consisted of tip-inoculated and noninoculated to

washed-dried and non-washed tubers with 100 ml of 20,000
sporangia/ml of a 50:50 A1-A2 mating type mixture of P.
infestans. The pathogen mixture was obtained from a one-
week old infection of detached potato leaves. Sporangia
formation was induced by exposing a culture suspension to
5-8ºC for one hour prior to counting and dilution (Mizubuty
and Fry, 1998). The inoculum was provided by Dr. Niklaus
Grünwald, CEEM-PICTIPAPA, Cornell University, obtained
in the Toluca valley and described elsewhere (genotypes 1
and 29, Grünwald et al., 2001). Four tubers/bag were
considered the experimental unit, with four replicates, in a
completely randomized design of 44 treatments (11 genotypes
X inoculated/non-inoculated X washed/non-washed). The
fungus was re-isolated from the infected tubers in the
inoculated plot after the experiment. Such re-isolation failed
in the non-inoculated plots.
Natural soil and sterile mixture. Under non-controlled
greenhouse conditions (4 to 27ºC day/night temperature,
natural daylight 14 to 10 h day/night length), tuber treatments
similar to moist chamber were implemented for the same
genoptypes, followed by four week-incubation either in
natural clay-loam soil (30% clay, 19% silt, 51% sand, 3%
organic matter, pH 5.6) or in a sterile peat moss-sand soil mix
(20% clay, 24% silt, 56% sand, 8.6% organic matter, pH 5.7).
The natural soil was collected at the Toluca valley from a plot
where susceptible cultivar Alpha was grown without
fungicides. The crop died to Late Blight at midseason, and P.
infestans oospores were obtained from such soil (Dr. Sylvia
Fernández Pavia, personal communication). The sterile mix
was exposed to methyl bromide (1 lb/m3) covered with plastic
for two days followed by three day ventilation prior to
establishment of the experiment. No late blight inoculum was
detected in it after sterilization (Dorrance and Inglis, 1998).
Four tubers per experimental unit were planted in either type
of substrate in 8 liter pots under soil-water saturation.
Statistical analysis was divided into two completely
randomized designs, with and without inoculation, 44
treatments each (eleven genotypes x 2 substrates x washed
and non-washed). For all the assays, 30-50 mm diameter tubers
were used. The degree of damage was visually quantified as
the percentage of necrosed area/tuber. Non-transformed data
were statistically analyzed for differences among genotypes,
substrates, with/without inoculation, and washed and non-
washed. When statistical differences were detected, means
were compared by Duncan’s multiple range test P = 0.05 (SAS
Institute, Cary, NC). At the end of the experiment the oomycete
was re-isolated only from the inoculated treatments.

RESULTS
Moist chamber. Not a clear tendency to decomposition by
specific varieties or under any specific pre-treatment condition
was observed. Non-washed, inoculated, varieties Alpha,
Norteña, Rosita, and Montsama decayed to some extent with
statistical differences among them (20-42%, Table 1; Fig. 1-
A). On the other hand, when tubers were washed prior to
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Forbes and Jarvis, 1994; Platt and Tai, 1998; Stewart et al.,
1996), but it may be worth studying. Clones Cruza, 53-87, and
101 which are foliage-resistant to P. infestans were also tuber-
resistant. On the other hand, foliage-resistant verieties
Michoacán, Rosita, Norteña and Montsama, were highly tuber
susceptible. This lack of relationship agrees with findings by
Ramanjulu and Christ (1998), Ramanjulu et al. (1998), and
Caballero-Cardenas (1999). Platt and Tai (1998), on the
contrary, did found a direct correlation between tuber and
foliage disease response. Under mexican conditions, in order
to prevent decay, tubers intended for seed are not washed,
but when they go to fresh market washing is common by the
retailer few days prior to consumption. In our assays, washed
tubers prior to inoculation/incubation were the most severely
decayed when maintained either in soil or in moist chamber,
whether or not they had been inoculated. It is important to
indicate that in this study washed tubers (in tap water) were
far from being surface-sterilized. Fairclough et al. (1997) found
that rot stimulation is due to inoculum dispersal during
washing. In our study, it is quite probable that the cleaning
process eliminated antagonistic microflora that could interfere
with tissue deterioration by secondary microorganisms.
Published and preliminary data support the hypothesis that
in our assays, tuberosphere on dirty tubers played an
important role on peventing infection and/or decay by P.
infestans or other organisms. Engstrom et al. (1999), observed
growth supression in vitro of P. infestans by naturally
occurring sesquiterpenoids, as well as by these substances
isolated from tuber tissue infected by Phoma foveata,
Fusarium spp., and Erwinia carotovora. After sampling and
studying our experimental plots in the Toluca Valley for two
years, Ferrera-Cerrato et al. (1999), identified Trichoderma,
Fusarium, Rhizopus, and Penicillium as inhibitors of P.
infestans in vitro, either through antibiosis or by
micoparasitism. In some tubers it was not possible to
distinguish infection by P. infestans from that by other agents
in treatments involving inoculation. Septate as well as
coenocytic mycelia and bacteria were observed in highly
deteriorated tissue. However, non-inoculated treatments
showed decomposition as an indication of involvement of
microorganisms other than P. infestans in the process.
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