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ABSTRACT

Griinwald, N. J., Cadena Hinojosa, M. A., Rubio Covarrubias, O., Rivera
Pefia, A., Niederhauser, J. S., and Fry, W. E. 2002. Potato cultivars from
the Mexican national program: Sources and durability of resistance
against late blight. Phytopathology 92:688-693.

The Mexican National Potato Program has produced several cultivars
with high levels of field resistance. We evaluated the durability of resis-
tance to potato late blight of a selection of 12 such cultivars using data
from 1960 to the present. Data were extracted from the field notebooks
located in the archives of the Mexican National Potato Program in the
John S. Niederhauser Library in Toluca, Mexico. There was a trend indi-
cating that field resistances to potato late blight of Mexican cultivars re-

leased between 1965 to 1999 were durable. At least two of the cultivars,
namely ‘Sangema’ and ‘Tollocan’, have been grown on at least 4 to 5%
of the potato acreage and over long periods of time without decay in
levels of field resistance. Pedigrees of the 12 cultivars indicate that most
of the field resistance was introgressed from Solanum demissum. Field
resistance might also be derived from commonly grown land-race culti-
vars such as ‘Amarilla de Puebla’ and ‘Leona’. These have been grown in
Mexico since about the 1780s. They have the appearance of S. andigena-
derived material but their genetic background is unknown.

Additional keywords: breeding, germ plasm, Phytophthora infestans, S.
tuberosum.

The development of cultivars that have durable resistance to
pathogens has been a long-standing concern of plant breeders and
plant pathologists. Unfortunately, a working definition of durabil-
ity of resistance of a host to a pathogen has been difficult to
achieve. Durable resistance has been defined as resistance that
remains effective during its prolonged and widespread use in an
environment favorable to the disease (28). Given this definition,
durable resistance can only be identified if a cultivar has been
grown for a long period of time over a large area in the presence
of the pathogen in environments conducive to disease develop-
ment where resistance did not break down. One difficulty in apply-
ing this definition is in determining how long and over what area a
cultivar needs to be grown (30). Turkensteen (52) considers potato
cultivars that have grown for 10 or more years, that do not show a
decrease in the level of resistance, exhibit durable resistance.
Another difficulty concerns our ability to quantify durability, be-
cause resistance can be based on different mechanisms in the host.

Although many terms have been coined to describe the nature
of resistance of potato cultivars to the late blight disease, there are
two basic qualities that are distinguishable: (i) resistance based on
a gene-for-gene interaction (2), and (ii) resistance that manifests
itself by a reduction in the apparent infection rate, herein referred
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to as rate-reducing resistance and not (yet) determined to be based
on a gene-for-gene interaction (1,33). Eleven R-genes have been
described in potatoes for resistance to late blight, all of which
were found in either Solanum demissum or S. stoloniferum. Resis-
tance based on these 11 single major R-genes (gene-for-gene re-
sistance) in potato cultivars has been overcome rather quickly and
has not provided durable resistance (15,35,52). More recently, at
least one new major gene for resistance to late blight has been
identified from S. berthaultii (6) and perhaps another single gene
from S. bulbocastanum (32). Neither of these genes has been de-
ployed and neither has been overcome. We have, however, found
isolates of Phytophthora infestans in central Mexico that have a
corresponding avirulence gene overcoming the S. berthaultii R-
gene (N. J. Griinwald and W. E. Fry, unpublished data), putting in
question the durability of this R-gene once it is released.

Soon after it became clear that gene-for-gene resistance based
on single major R-genes was not durable, some potato breeders
concentrated on developing cultivars with rate-reducing resistance
(48,54). This resistance is often measured as resulting in fewer
infections per unit of time (lower infection efficiency), decreased
sporulation, and a reduction in lesion size (25,35,50). The impor-
tance of individual resistance components for overall rate-re-
ducing resistance varies depending on the source of resistance (5).
Rate-reducing resistance is expected to be based on many genes
(55) or in combination with single genes (quantitative trait loci)
conferring quantitative resistance (6,16). It has also been referred
to as horizontal, polygenic, race-nonspecific, minor gene, and par-
tial resistance (33,48). Many factors conferring resistance to late
blight have been found and mapped on almost every potato chro-
mosome (16), confirming that several genes are responsible for
rate-reducing resistance. To further complicate matters, resistance
conferred by the R-genes R2, R4, R10, and R11 has been
described as partial in nature and is thus easily confused with rate-



reducing resistance (52) if care is not taken to use differential
isolates of P. infestans. In this study, we interpret rate-reducing
resistance as resistance that can be measured in the field that
results in a lower final disease severity and a lower area under the
disease progress curve and shows a lower apparent rate of infec-
tion than susceptible cultivars.

Potato late blight is currently managed with a variety of tactics,
but in commercial agriculture fungicides predominate (12,27). In
the Toluca Valley, the presumed center of origin of the late blight
pathogen, growers apply anywhere from 16 to 24 applications per
growing season (June to September) (21). In many areas of the
world, the number of fungicide applications has increased because
potato late blight has become more severe (12,27). This develop-
ment is of particular concern for developing countries. The most
appropriate alternative to increasing the intensity of fungicide
usage is the use of potato cultivars with high levels of field resis-
tance to late blight. Along with this demand for resistant cultivars
comes the concern for how durable this resistance is (28,35,54).

The Mexican National Potato Program originated from activi-
ties initiated in 1949 by the Rockefeller Foundation (37,38,49).
Today this program forms part of the National Institute of Agricul-
tural, Forestry and Livestock Research (INIFAP) of the Mexican
Ministry of Agriculture. It has largely focused on introducing rate-
reducing resistance into potato cultivars that originated from wild
species of Solanum occurring in the central highlands of Mexico.

The Mexican National Potato Program has produced several
cultivars with high levels of field resistance (7,8,20,21). Cultivars
like Nortefia and Rosita express levels of field resistance that are
considerably higher than those reported in North American
cultivars. In the Toluca Valley of Mexico, where late blight is en-
demic and severe, these cultivars can be grown without fungicide
and still produce yields ranging from 20 to 30 t/ha (7,8,21). In
central Mexico, growers use 16 to 24 fungicide applications with
susceptible cultivars, such as Alpha or Atlantic, which comprise at
least 50% of the potato acreage (21). Integration of host resistance
and forecasting could considerably reduce the current production
costs (11,14).

The Toluca Valley has been described as a center of genetic
diversity for both the late blight pathogen and for germ plasm of
tuber-bearing Solanum spp. (13,17,19,22). Several Solanum spp.
are endemic to the Toluca Valley, including S. demissum, by far
the most abundant species, followed by S. verrucosum, S. iopeta-
lum, S. brachycarpum, and S. stoloniferum (46). All of these
species can be infected by P. infestans (44). Given the close coex-
istence of P. infestans and several wild Solanum spp., we assume
that R-genes in the wild germ plasm coevolved with avirulence

TABLE 1. Identifying characteristics of cultivars included in this report

genes in the late blight pathogen. Given the diversity in this patho-
gen population, as a consequence of its interaction with the diverse
host germ plasm, exposure of cultivars in Mexico to this popula-
tion of P. infestans is one of the most rigorous tests of durability.
If resistance is durable in this location, it seems likely that durable
resistance could be achievable in other locations worldwide.

Our objectives were to determine if cultivars grown in the Toluca
Valley and exposed to a diverse and sexual population of P. in-
festans might have durable resistance. Our approach was to evalu-
ate the resistance of 12 cultivars to potato late blight from 1960 to
the present. We used data extracted from field notebooks in the ar-
chives of the Mexican National Potato Program in Toluca. We also
assembled information on the genetic background of these cultivars.

MATERIALS AND METHODS

Extraction of data from archival field notebooks. Field data
came from notebooks stored at the John S. Niederhauser library of
INIFAP in Metepec, Mexico. These notebooks cover 38 years
from 1960 to 1998. A database of 6,784 records was assembled
and prepared for statistical analysis. Each record contains, as a
minimum, the date at which a score for late blight severity was
recorded and the corresponding late blight reading on cv. Alpha.
Twelve cultivars were selected for analysis. These appear under
different names, synonyms, and codes in the database and are
shown in Table 1. Additional information on these 12 cultivars
currently available in public databases is presented in Table 1.

Most of the records used in this study came from experiments
to evaluate germ plasm for resistance to potato late blight. Each
year, many clones were evaluated, and the clones we selected
were included in most years. To enable comparison over years, the
disease severity rating was obtained at the date when susceptible
cv. Alpha was just severely defoliated (97 to 100%). This con-
straint assured that the reading was taken late in the season, but
not at a time long after cv. Alpha had been defoliated. For cvs.
Alpha, Sangema (=Rosita), Nortefia, Monserrat, and Michoacan,
we also included data from field trials conducted in 1998 and
1999 (18,20,21).

In some years, several trials were conducted and observations
from these independent trials were treated as replications. A few
years had properly replicated randomized complete block trials, in
which case, we include individual observations to derive means
and standard deviations.

Between 1960 and 1975, data on disease severity were recorded
on a 0-to-5 scale (0 = no lesions, 1 = few lesions, 2 = slightly blight-
ed, 3 = moderately blighted, 4 = severely blighted, and 5 = dead).

Level of late R genes Year of Days to % Potato

Cultivar Synonym? CIP number® blight resistance® presentd release maturity acreage planted®
Alpha - 800050 S - 1925 90 45
Atzimba 57-DZ-29 720045 MR + 1971 100 0
Ireri 750489 - - ? 1990 90 0.1
Juanita 58-ES-37 720046 - ? 1971 90 0
Mexiquense CEX-69-1, ICTA-77, 4-NX-97 720057 MR + 1988 105 0.2
Michoacan 65-BK-269, AJU-69-1 573272 R + 1988 90 0.2
Monserrat CEW-69-1, 63-JP-13 575049 R + 1988 100 0.5
Montsama 61-DN-11, ACD-69-1 720049 R - 1971 90 0
Murca 720097, 63-HV-30 676006 - ? 1970 90 0
Nortefla 69-107-B, 750815 - - ? 1992 105 1.5
Puebla 750851 - - ? 1984 95 0.1
Sangema Rosita, 61-EA-5, AJS-69-1 720044 MR + 1971 105 4
Tollocan CCU-69-1, 65-ZS-4 720054 + 1980 90 5

2 The synonyms presented are alternate codes for the same clone used in the field notebooks.

b CIP code refers to the identification given to the respective cultivar by the International Potato Center (CIP), Lima, Peru.

¢ Data was extracted from the CIP database: R = resistant; MR = moderately resistant; S = susceptible; and — = information not available.

d Data was extracted from the CIP database: + = R genes present; — = R genes absent; and ? = information not available.

¢ Approximate percentage of the total potato production surface of 65,000 ha planted with each cultivar was taken from the handbook of potato production of

INIFAP (47).
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This scale was transformed to percent disease severity in the
following way: 0 = 0%, 1- = 10%, 1 = 20%, 1+ = 30%, 2 = 40%,
2+ = 50%, 3 = 60%, 3+ = 70%, 4 = 80%, 4+ = 90%, and 5 =
100%. After 1975, a 1-to-9 scale was used and was transformed as
published by Henfling (23). Introduction of the 1-to-9 scale made
it possible to select readings in which cv. Alpha was scored at
97.5% disease severity.

Statistical analysis. Regression analysis of disease severity (y)
against year was conducted for disease severity values selected
when cv. Alpha was just below 100% (1960 to 1975) or near
97.5% (1976 to 1999). A slope of a linear regression of y versus
year was calculated and a positive slope that significantly deviated
from O was taken as a trend that the rate-reducing resistance of the
cultivar was not durable. Data were recorded in a spreadsheet and
all subsequent statistical analyses were conducted using the Sta-
tistical Analysis System (SAS Institute, Cary, NC).

RESULTS

The Mexican cultivars exhibited high levels of field resistance
(Fig. 1). Mean disease severity of the Mexican cultivars ranged

between 3 and 37%. Some cultivars had larger standard deviations
for disease severity from year to year or within 1 year (Fig. 1;
Table 2). ‘Montsama’, in particular, showed a standard deviation
of 32 across all years and a range of mean disease severity from
year to year between 7.5 and 85%.

Cultivars that were resistant in 1 year appeared resistant in all
years. There was no trend to indicate that field resistance of
Mexican cultivars to potato late blight from 1965 to 1999 was not
durable (Fig. 1; Table 2). Lack of a significant slope or a negative
slope would indicate durable resistance; a positive slope would
indicate nondurable resistance. Most regressions of disease sever-
ity versus time showed a negative slope (Fig. 1; Table 2). Except
for cvs. Juanita and Rosita, which showed a significantly negative
slope, regressions did not result in significant slopes or co-
efficients of determination (Table 2).

Pedigrees of the 12 cultivars show some interesting relation-
ships. Most of the field resistance seemed to be derived from S.
demissum. Field resistance might also be derived from land-race
cultivars locally known as ‘Criollas’, namely ‘Amarilla de Puebla’
and ‘Leona’. The cvs. Puebla and Nortefia share cv. Atzimba as
parent. Clones starting with “AC,” such as AC-25953, came from
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Fig. 1. Disease severity (percent) of 12 cultivars from the Mexican National Potato Program (INIFAP) that show high levels of field resistance. Shown are
means * standard deviations when cv. Alpha was just at 100% (1960 to 1975) or 97.5% (1976 to 1999).
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W. Rudorf in Germany. The clone AC-25953, appearing in the
pedigree of 9 of the 12 cultivars, is a hybrid produced by S. demis-
sum, S. tuberosum, and S. andigena (42). Clones starting with
“US” were named by J. S. Niederhauser’s program, for example
US-133-3 (clone 3 of breeding population 133), but the clones
came from F. J. Stevenson (USDA, Beltsville, MD) and had a cor-
responding USDA number starting with “B” for Beltsville such as
B-3716. Clone B-2131-3 is a USDA selection derived from
crossing S. demissum and S. tuberosum (42). The breeding clone
US-135-7 (=cv. Anita) is the result of a self of a clone derived
from AC-25953 and USDA B-2131-3 (42). The breeding clone B-
355-24 is most likely a self of B-355 (=US-355) in which clone 24
was selected. ‘Alpha’ and ‘Loman’ and the clone Hol-32 came
from the Netherlands. Clone 58-ES-37 (Loman x US-135-7; also
referred to as 720046), shown in the pedigree of cv. Tollocan, is
cv. Juanita. Clone 65-IND-217-25 also appears with the numbers
CIP-573265, AEX-69-1, and CFM-69-1 in notebooks. Clones
labeled with “IND” were sent from W. Black’s germ plasm col-
lection in India, and derived their resistance from S. demissum.

DISCUSSION

Twelve Mexican cultivars, grown between 1960 and 1999, and
exhibiting high degrees of rate-reducing resistance, did not loose
resistance over time, indicating that this resistance is durable.
Durable resistance was defined by Johnson (28) as resistance that
remains effective in a cultivar that is widely grown for a long
period of time in an environment favorable to the disease. The 12
cultivars were grown in an environment favorable to the pathogen
and in the presence of virulent pathogen genotypes. ‘Sangema’
and ‘Tollocan’ have been widely grown in Mexico and were
grown on approximately 4 and 5% of the potato acreage in 2001
(INIFAP, unpublished data) (Table 1) and 1 and 6% before 2000,
respectively. Thus, Johnson’s requirements for the evaluation of
durability were satisfied for at least some of the cultivars reported
herein.

Our results are in agreement with previous studies on durability
of rate-reducing resistance in potato cultivars. van der Plank (54)
reported that 10 cultivars used in the Netherlands from 1938 to
1968 maintained their relative ranking, concluding that resistance
is stable. Similarly, Turkensteen (52) reported that the ranking of
Dutch cultivars for foliar blight did not change, except for those
cultivars carrying R-genes that were overcome in the first 5 to 10
years. Over a period of 17 years, Thurston (48) and Thurston et al.
(50) saw no decline in rate-reducing resistance of several clones.
Our observations are also consistent with earlier evaluations, in
which over a period of 6 or 10 years, multigenic resistance was
maintained at the original level in each clone grown (35,36).
Moreover, for a period of 21 years (1951 to 1972), in the so-called
“germ plasm bank trial,” over 1,800 (unspecified) clones were

planted annually in order of resistance (37). Less than 5% of the
selections (>1,800 clones) had to be reclassified after the first
2 years of exposure in the field. From these observations,
Niederhauser concluded that horizontal resistance was both dur-
able (did not decay over time) and stable (ranking of resistance
between clones did not change significantly) (37). Work by Inglis
et al. (24) indicated that there was little or no change in rank of a
cultivar’s resistance in response to different populations of P.
infestans.

Decay in the level of rate-reducing resistance might be expected
if the pathogen is able to adapt to cultivars with rate-reducing re-
sistance. Although some studies indicate that P. infestans is un-
likely to adapt to cultivars with rate-reducing resistance (25,43),
others report evidence for adaptation (3,26,29). In two of the
studies reporting adaptation, the work was conducted in vitro on
tuber slices (3,26).

Several aspects of the population structure of P. infestans and
the chronology of epidemic development in the Toluca Valley
have changed very little. In the Toluca Valley, late blight often
appears between the last week of June and the second week of
July. Very recently, we observed first lesions on 3 July 1997, 16
July 1998, 14 July 1999, and 25 June 2000 (N. J. Griinwald, un-
published data) (21). Apparently, first outbreaks of blight still
occur around the same date as in the 1950s when first symptoms
appeared on 29 June 1953 (34), 10 July 1954 (41), and 5 July
1955 (39). Similarly, genetic diversity for virulence was high in
the 1950s (31,40) and in 1985-86 (45). Genetic diversity in the
central highlands of Mexico, based on mating-type frequencies,
allozyme, and restriction fragment length polymorphic fingerprint
diversity, is high, and it is assumed that these highlands are the
center of origin of the late blight pathogen (13,17,19,51). All these
facts indicate a rather stable Solanum—P. infestans host—pathosys-
tem in the Toluca Valley and lend further support to the value of
the data extracted from the archives.

Researchers from the Mexican Rockefeller Foundation Program
and the Mexican National Potato Program developed these 12
cultivars (38). Most of the cultivars studied in this report have
several major R-genes (Table 1). Despite the presence of R-genes,
there was no “Vertifolia effect” sensu van der Plank (53) detected
in the Mexican program. (The Vertifolia effect is the masking of
background susceptibility by effective R-genes.) This highlights
the tremendous value of the Toluca valley for late blight breeders
and pathologists.

Cultivars with very high levels of field resistance are available
(7,8,18,21), and previous work has shown that high levels of field
resistance can be combined with fungicide applications at lower
rates or at a lower frequency without loss of disease suppression
(4,9,10,21). We would thus expect that cultivars exhibiting high
rates of rate-reducing resistance could contribute to a significant
reduction in the number of fungicide applications. This report, and

TABLE 2. Analysis of the behavior of 12 cultivars from the Mexican National Potato Program over years®

Cultivar Mean + SD of disease severity (%) Regression equation R? P > F regression and slope P > F intercept
Atzimba 24+19 y=1,077-0.53 x YEAR 0.080 0.0669 0.0596
Ireri 7+4 y=-179 + 0.09 x YEAR 0.020 0.7303 0.7398
Juanita 15+11 y=1,180-0.59 x YEAR 0.225 0.0001 0.0001
Mexiquense 9+8 y=149-0.07 x YEAR 0.002 0.8460 0.8333
Michoacan 3+4 y="780-0.39 x YEAR 0.142 0.0842 0.0826
Monserrat 3+3 y=132-0.07 x YEAR 0.040 0.4260 0.4168
Montsama 37+32 y=-720+0.38 x YEAR 0.018 0.4851 0.5071
Murca 19+12 y=-285+0.15 x YEAR 0.005 0.7613 0.0950
Nortefia 5t6 y=393-0.20 x YEAR 0.065 0.2931 0.2877
Puebla 817 y =948 — 0.47 x YEAR 0.100 0.1513 0.1481
Rosita 12+11 y=1,956 - 0.98 x YEAR 0.299 0.0001 0.0001
Tollocan 65 y=671-0.34 x YEAR 0.064 0.1118 0.1078

2 The second column provides the overall mean and standard deviation over all years by cultivar. Columns three to six present a regression analysis. Disease
severity (y) of each cultivar (when susceptible cv. Alpha was at 297.5% disease severity) was regressed against year to evaluate whether a trend of increasing

disease severity could reflect a breakdown in resistance.
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previous work, indicates that rate-reducing resistance detected in
the Toluca Valley is durable. We thus see tremendous potential in
the use of these Mexican cultivars, and others with similar resis-
tance, for development of more sustainable potato farming prac-
tices, particularly for developing countries.
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