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Abstract. Phytophthora capsici was first identified in the
Mesilla Valley of southern New Mexico in 1922. There is
limited information about its diversity or the potential for
sexual recombination from this region. Characterization of
isolates from southern New México showed the coexistence
of both compatibility types A1 and A2 in a single field with
A1 occurring more frequently. In vitro tests showed that the
optimum temperature for vegetative growth was between 25
and 30°C and hyphal swellings were observed at 37°C. Most
isolates were sensitive to mefenoxam (100 µg/ml), but
sensitivity to CuSO4 (30 µg/ml) varied among isolates. Only
7 of 26 P. capsici isolates were pathogenic to cucumber, 24
were virulent on pepper and no consistent pattern was
observed on tomato. Based on isozyme analysis and mating
type, 16 multilocus genotypes were detected within southern
New Mexico isolates. The proximity of both compatibility
types in the field, genotypic diversity, and variable fungicide
resistance, suggest that sexual reproduction is taking place.

Additional keywords: Phytophthora root rot, genetic
variability.

Resumen. Phytophthora capsici se identificó por primera
vez en el valle de Mesilla en el sur de Nuevo México en
1922. Existe poca información sobre su diversidad y de su
potencial de reproducción sexual en esta región. La
caracterización de aislamientos del sur de Nuevo México
mostró que los dos tipos de compatibilidad A1 y A2 coexisten
en un mismo campo de cultivo, encontrándose  A1 con mayor
frecuencia. En pruebas in vitro, la temperatura óptima para
el crecimiento vegetativo fue entre 25 y 30°C, observándose

hinchamientos en las hifas a 37°C. La mayoría de los
aislamientos mostraron sensibilidad a mefenoxam (100 µg/
ml), pero la sensibilidad a CuSO4 (30 µg/ml) fue variable
entre aislamientos. Solamente 7 de los 26 aislamientos de P.
capsici fueron patogénicos en pepino, 24 fueron virulentos
en chile y no se observó una tendencia definida en jitomate.
Basado en el análisis de isoenzimas y tipo de compatibilidad,
se detectaron 16 genotipos multilocus dentro de los
aislamientos de Nuevo México. La cercanía de los dos tipos
de compatibilidad en el campo, la diversidad genotípica y la
variación en resistencia a fungicidas sugieren que la
reproducción sexual se está presentando.

Palabras clave adicionales: Pudrición de raíz por
Phytophthora, variabilidad genética.

New Mexico grows approximately 60% of the total pungent
pepper (Capsicum annuum L.) area in the United States, and
produces some of the finest peppers in the world (Goldberg,
1995). It can be the most profitable vegetable crop for growers
in New Mexico (NM), but production is limited mainly by
diseases (Goldberg, 1995). Phytophthora capsici Leon. is
one of the most serious pathogens on peppers in southern
NM, where it was first described (Leonian, 1922), and
continues to cause Phytophthora root rot (PRR), stem blight,
foliar blight and pod rot. Depending on environmental
conditions, such as heavy rain, PRR may severely limit pepper
production and lead to total crop losses. Control of pepper
PRR by irrigation management, crop rotation, and fungicides
has been only partially successful in NM. Chemical control
with metalaxyl (Ridomil 2E) and copper sulphate is not as
effective at controlling P. capsici as it has been with other
Phytophthora spp. on different crops (Biles et al., 1992; Erwin
and Ribeiro, 1996) perhaps due to the existence of insensitive
strains. Metalaxyl insensitivity in P. capsici has been
confirmed in other parts of the United States, and in Italy
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(Parra and Ristaino, 2001; Pennisi et al., 1998). Isolates with
mefenoxam (Ridomil Gold) insensitivity have also been
reported (Lamour and Hausbeck, 2000; Parra and Ristaino,
2001). In NM, no commercial pepper cultivars are resistant
to P. capsici and genetic variability within P. capsici appears
to enable more aggressive strains to infect advanced resistant
pepper lines (Fernández-Pavía, 1997). P. capsici isolates from
NM have been characterized to some extent (Aragaki and
Uchida, 2001; Biles et al., 1991; Mchau and Coffey, 1991;
Oudemans and Coffey, 1991), nevertheless, there is limited
information about the population variability. According to
isozyme studies, 15 NM pepper isolates examined belonged
to a single isozyme subgroup (CapA/CAP1) and exhibited
low genetic variability (Mchau and Coffey, 1991; Oudemans
and Coffey, 1991). Polymorphisms were detected with
random amplified polymorphic DNA (RAPD’s) among 30
isolates from southern NM pepper fields. Variability of NM
isolates detected with RAPD’s was lower when compared to
variability of P. capsici isolates from solanaceous and non-
solanaceous hosts collected worldwide (Adorada, 1994). The
presence of both compatibility types (A1 and A2) in the same
field, could allow for sexual recombination in NM pepper
fields. Genetic variability within P. capsici populations could
lead to fungicide resistance and the presence of more
aggressive isolates. We assessed variability among pepper
isolates from NM by examining compatibility type,
morphological variation, chlamydospore production, isozyme
analysis, relative fungicide sensitivity, and virulence on
different hosts.

MATERIALS AND METHODS
Isolates. Fifty-nine isolates of P. capsici from diseased pepper
roots, stems, or fruit were recovered from six different fields
in southern NM in the early 90´s. Isolate ATCC15399 from
NM, which according to ATCC (American Type Culture
Collection) records was deposited in 1965, was also used. P.
capsici was identified on PVPP selective media containing
pimaricin, penicillin G, vancomycin, PCNB, hymexazol, and
benomyl (Papavizas et al., 1981). Pure cultures were
transferred to cornmeal agar (CMA, 17 g/L) plates and grown
for 5 days at 27°C. Agar discs were cut from the outer edges
of active growth and transferred to test tubes with sterile
distilled water. Duplicates of cultures were maintained in
storage in test tubes at 15°C for one year, and then transferred
to CMA to renew the collection once a year. The majority of
the isolates were collected in Hatch and Las Cruces, NM;
however, other pepper fields sampled were near the towns of
Rincon, San Miguel, Mesilla, and Anthony, NM. A sample of
twenty six isolates was used to characterize colony shape and
growth, chlamydospore production, sporangium shape and
length to breadth ratio, relative fungicide sensitivity, and
virulence on different hosts. Two P. capsici pepper isolates
from North Carolina obtained from J.B. Ristaino, North
Carolina State University, Raleigh, were used for comparison
in some studies.

Compatibility type. Compatibility type was determined for
all 59 isolates. Each isolate was paired separately with A1
and A2 known compatibility types of P. capsici. Agar plugs
were placed 2 cm apart on CMA with either an A1 isolate
(6000) or an A2 isolate (6011). Cultures were incubated in
the dark at 27°C for up to 2.5 weeks and examined under the
microscope for oospore formation. An isolate was designated
A1 if it formed oospores when paired with a known A2, and
A2 if oospores were produced with A1.
Morphological characteristics. Colony shape was
determined after six days of growth in the dark at 27°C on
clarified V-8 juice agar. Colony shapes were designated
according to Erwin and Ribeiro (1996). The length: breadth
ratio was calculated on sporangia obtained after incubation
of V-8 juice agar disks in sterile distilled water at 27°C in the
dark for four days. Measurements of 20 sporangia from each
isolate were taken with a compound microscope at 400X.
Sporangium shape was compared with various descriptions
of P. capsici (Aragaki and Uchida, 2001; Leonian, 1922;
Mchau and Coffey, 1991). The method described by Uchida
and Agaraki (1985) using V-8 juice broth, with some
modifications, was followed in order to determine if isolates
produced chlamydospores. Mycelial mats were produced for
each isolate in 10% V-8 juice on a rotary shaker (100 rpm)
for 5 days at 22°C; they were rinsed with sterile deionized
water, submerged in 100 ml of sterile deionized water for 4
weeks at 15°C in the dark, and examined microscopically for
the presence of chlamydospores. All experiments were
conducted twice with two replicates per isolate.
Colony growth. Measurements of colony diameter along two
axes on CMA plates were taken every 48 h, and growth rate
(mm/day) was calculated for each isolate at 15, 20, 25, 30,
35 and 37°C (± 1°C). This experiment was conducted twice
with two replicates per isolate. Means from significant
treatment effects were separated with the least significant
difference test.
Fungicide sensitivity. Isolates were grown on non-amended
CMA or CMA amended with either 5 µg/ml or 100 µg/ml of
mefenoxam (Ridomil Gold-4E, Syngenta, Greensboro, NC,
48% a.i.) or 30 µg/ml of CuSO4. Concentrations used for
mefenoxam and CuSO4 were based on previous studies (Biles
et al., unpublished; Parra and Ristaino, 2001). A 3 to 5 day
old hyphal plug from the edge was transferred to CMA and
fungicide amended CMA. Cultures were incubated in the dark
at 27°C for 4 days. Growth rate (mm/day) of each isolate on
amended CMA was compared with the growth rate on non-
amended CMA. Three replicate plates per isolate were
measured for each treatment. The experiment was repeated
twice with three replicates per treatment. Isolates were scored
as sensitive (S) if growth at 100 µg/ml was < 40%, as
intermediately sensitive (IS) if growth was between 40-60%,
and insensitive (I) if > 60%.
Pathogenicity and virulence. P. capsici isolates from NM
and North Carolina were used for virulence tests on NM
pepper (NuMex R. Naky, susceptible to PRR), cucumber

Revista Mexicana de FITOPATOLOGIA/  83



(Cucumis sativus L., Poinsett-76), and tomato (Lycopersicon
esculentum Mill., Rutgers). Plants were grown in the
greenhouse in metro mix 360 (W.R. Grace and Co.,
Cambridge, MA) in 6-cell multipots (4 x 3 x 5.5 cm deep).
Pepper plants, tomatoes, and cucumbers were inoculated 3,
4, and 5 weeks after planting, respectively. Zoospore
production was stimulated as described by Ristaino (1990)
with modifications. P. capsici isolates were grown on CV8
agar, and discs with hyphae were incubated at 27°C for 3
days. Sporangia were treated with a 1 h cold shock (6°C)
followed by a 1 h equilibration at room temperature. Zoospore
concentration was adjusted to 103/ml with a haemocytometer.
The multipots were placed on a plastic tray without drainage
holes and 250 ml of the zoospore suspension was added to
the tray. Zoospores came in contact with the roots through
the pots drainage holes. Symptoms were evaluated 15 days
after inoculation using the following scale: 0 = healthy; 1 =
wilting or yellow leaves; 2 = girdling of stem; and 3 = plant
death. Each 6-cell multipot was considered a replicate. Three
replicates were used per treatment and the experiment was
conducted twice. A randomized complete block design was
used. Disease index data were analyzed using the GLM
procedure of statistical analysis systems (SAS Institute Inc.,
1988). Means from significant treatment effect were separated
with the least significant difference test. Tomato, pepper, and
cucumber roots were surface-disinfested and plated out on
selective media (PVPP) to reisolate P. capsici.
Zoospore attachment. Zoospore attachment studies of P.
capsici were conducted on pepper, tomato and cucumber roots
with the virulent isolate NM6024. Plants grown on vermiculite
in the greenhouse were uprooted, washed and placed in a test
tube with a zoospore suspension of 105/ml. Nine plants and
three roots per plant were used from each host. Tubes were
kept undisturbed at room temperature for 30 min. The
zoospore suspension was poured off and sterile distilled water
was added to rinse the roots. Each plant was transferred to a
new tube containing a solution of 0.05% of rose Bengal in
70% ethanol. Three lateral roots from each plant were used
for a total of 27 roots per host. Attached zoospores were
counted on five fields under the microscope at 400X. The
experiment was conducted twice.
Isozyme assay. A total of 59 P. capsici isolates were used for
isozyme analysis. Fifty one isolates from NM, five from North
Carolina (Pep 1-2, Pep 2-2, Pep 4-2, Sc- 2A, SD-6), two
from Japan (squash; ATCC 44928, and ATCC 42667), and
one from Turkey (Bicci, SB-2). Isolates were grown in 50 ml
of acidified potato dextrose broth on a rotary shaker (100
rpm). After 10 days, the media with the mycelia was vacuum
filtered through a Buchner funnel with Whatman filter paper
# 1. Mycelia (0.5g) were ground with a mortar and pestle in
1ml of 0.1 M Tris-HCl buffer, pH 7.5. The slurry was
centrifuged for 10 min at 15,000g and the supernatant was
filtered through a 0.2-micron filter. Approximately 10 mg of
protein with loading buffer was applied to each well according
to the Bio-Rad protein assay (Bio-Rad, Richmond, CA). Five

enzymes and corresponding buffers systems were used to
compare isolates in this study: Superoxide dehydrogenase
(SOD, 1.15.1.1), malate dehydrogenase (MDH, E.C.
1.1.1.37), lactate dehydrogenase (LDH, 1.1.1.27),
phosphoglucomutase (PGM, 2.7.5.1), and alcohol
dehydrogenase (ADH, E.C. 1.1.1.1). Enzyme staining was
carried out according to the methods  of Neuhoff et al.  (1988),
Soltis and Soltis (1989), and Acquaah (1992). A multilocus
genotype was constructed for each isolate combining mating
type and isozyme data. Analysis of genotypic diversity was
conducted on multilocus genotypes from NM. Genotypic
diversity was calculated as Shannon-Wiener´s index H´= - Σi
pi X ln (pi) (Shannon and Weaver, 1949), where pi is the
observed frequency of the ith genotype.

RESULTS
Isolates and compatibility type. P. capsici was isolated from
all the locations sampled. PRR symptoms were observed in
all locations, and both mating types were observed in the
same field (Table 1). Most P. capsici isolates were obtained
from infected roots; few infected pepper stems and fruits were
found. Compatibility types among these isolates were
randomly distributed throughout the pepper fields at the
different locations with both mating types found within the
same rows. Both compatibility types were found in Las
Cruces, Hatch, San Miguel, and Mesilla, in southern NM
pepper fields. Among the isolates analyzed from Las Cruces
and Hatch, compatibility type A1 and A2 were observed in a
2:1 ratio. Only one isolate (NM6117) was considered sterile,
because it did not produce oospores with either A1 or A2
isolates.
Morphological characteristics. Colony and sporangium
morphology were variable. The colony shapes observed were
stellate, rosaceous, and radial. Half of the isolates presented
a stellate growth type. Sporangium shapes observed were
ellipsoid, globose, obovoid, ovoid, and distorted. Sporangium
shape was variable in a single isolate and papillate being
consistent with species of Phytophthora. One papilla was
predominantly observed. Sporangium length to breadth ratios
ranged from 1.29 to 1.71 (Table 2). The ratios formed a
continuum and no clear groups were distinguished on this
basis alone. Several isolates, however, had ratios from 1.61
to 1.71 and others had ratios from 1.29 to 1.4. No
chlamydospores were observed, and only intercalary and
terminal rounded hyphal swellings occurred in 46% of the
cultures.
Colony growth. The growth rate of all isolates was similar
at 0, 15, 20, and 25°C. Significant differences, however, were
observed among isolates at 35°C (Table 2). The overall
optimum temperature for vegetative growth was between 25
and 30°C (overall mean growth, 9 mm/day). Some isolates
grew optimally at 25°C, while others grew best at 30°C. The
average rate of vegetative growth at 35° was 3.9 mm/day.
Some isolates grew at 37°C, but stopped growing after a few
days and the mycelium became torulose. In addition, 8 isolates

84  / Volumen 22, Número 1, 2004



formed hyphal swellings at 37°C.
Fungicide sensitivity. Sensitivity of P. capsici isolates to
mefenoxam and CuSO4 was detected. Twenty-five isolates
were sensitive to mefenoxam and one showed intermediate
sensitivity (Table 2); no significant differences were observed
between 5 µg/ml and 100 µg/ml. Eighty one percent of the
isolates grown in the presence of mefenoxam produced
malformed mycelium, with shortened hyphae forming a
rosette and in some cases very torulose hyphae. Ten isolates
were sensitive to CuSO4, six were intermediately sensitive,
and ten were insensitive.
Infection of different hosts. Significant differences were
observed in virulence among pepper isolates. Twenty-three
isolates from NM were virulent on pepper and three were
avirulent (Table 2). There was no correlation between mating
type and virulence. The isolates tested were differentially
virulent on tomato with the majority producing less severe
disease than on peppers. Two isolates (NM6026, NM6042)
were more virulent on tomato than on pepper, and three
isolates (NM6024, NM6032, and NM6033) were avirulent
on tomato, but highly virulent on pepper. Isolate NM6034
was not virulent on any of the three hosts tested. On cucumber,

seven isolates caused only a slight browning of the taproot
and some root tips, disease index was considered 0. Isolate
NM6057 from North Carolina caused crown necrosis and
wilting in some plants. The pathogen was reisolated from
infected pepper, tomato, and cucumber roots. Zoospores
became attached to roots at the zone of elongation, root hair
zone, and only occasionally to the root cap on tomato,
cucumber, and pepper. No significant difference in attachment
was observed among the three hosts. Zoospores with germ
tubes and appressoria were observed attached to the roots of
pepper, tomato, and cucumber.
Isozyme analysis. Polymorphism was observed within
isolates using isozyme analysis. Polymorphisms were
observed for four enzymes MDH, LDH, SOD, and PGM
(Table 3). Six putative loci that were monomorphic for all
isolates were observed (SOD1, LDH1, LDH2, LDH3, PGM2,
PGM3, and ADH). Based on the 10 different alleles of the 4
polymorphic loci and compatibility type, 16 multilocus
genotypes were distinguished among the NM isolates. The
Shannon-Wiener index for multilocus genotypes, shows that
the population from NM is diverse (H’ = 2.405). Genotypes
17th and 18th were found only in North Carolina. There was
no correlation with multilocus genotype and the site of
collection. Isolates from single fields in Las Cruces, Hatch,
Rincon, and San Miguel showed diversity (Table 1).

DISCUSSION
Among the isolates identified both compatibility types were
observed in the same field. As previously reported for pepper
fields in NM and in different areas (Rego and Reifschneider,
1982; Ristaino, 1990), the proportion of isolates that belonged
to compatibility type A1 in this study was higher than the A2
isolates (close to 2:1 ratio) in Las Cruces, and Hatch. In Italy,
most A1 isolates have been reported to be more virulent than
A2 isolates on the pepper line Phyo 636 (Cristinzio and
Noviello, 1980). In our study, there was no correlation
between virulence and compatibility type; however, a study
with greater number of isolates is needed for confirmation.
Oospore formation is feasible in NM since both compatibility
types were detected in the same field. Oospores have been
detected in pepper plants grown in the field in Mexico, and
on fruits in the United States, where A1 and A2 compatibility
types are known to occur in the same field (Ramírez and
Romero, 1980; Ristaino and Johnston, 1999). Despite the
fact that oospore formation has not been observed in the field
in NM, the presence of both compatibility types in the same
rows, and variability in a single pepper field, provide strong
evidence that sexual recombination within the P. capsici
populations is occurring. Therefore, new races (based on
differential infection of pepper genotypes) that are able to
infect advanced resistant pepper lines may be developing. A
resistant line from the NM State University pepper breeding
program that developed PRR symptoms in the field was the
source of isolate NM6143. This isolate was the most
aggressive of all P. capsici isolates tested (Fernández-Pavía,

Table 1. Diversity of Phytophthora capsici isolates from
pepper (Capsicum annuum) according to compatibility type
and multilocus genotype, collected in different locations.

San Miguel, NMz A1 1
San Miguel, NM A2 3
Rincon, NM A1 2
Rincon, NM A1 7
Anthony, NM A1 7
Mesilla, NM A1 2
Las Cruces, NM A1 2
Las Cruces, NM A1 9
Las Cruces, NM A1 10
Las Cruces, NM A2 3
Las Cruces, NM A2 5
Las Cruces, NM A2 8
Las Cruces, NM A2 12
Hatch, NM A1 2
Hatch, NM A1 4
Hatch, NM A1 6
Hatch, NM A1 11
Hatch, NM A1 13
Hatch, NM A1 15
Hatch, NM A2 3
Hatch, NM A2 5
Hatch, NM A2 12
Hatch, NM A2 16
Hatch, NM Sterile ---
Unknown A2 14

        Origin                      Compatibility           Genotype
                                               Type

zNM = New Mexico
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1997). Oospores may also be a source of primary inoculum
in NM. Ramírez and Romero (1980) found that soils
artificially inoculated with oospores remained infective after
10 months, suggesting that oospores serve as primary
inoculum. Pepper fields in NM show greater yield reduction
when crop rotation is not applied, indicating an increase of
primary inoculum. When only one mating type was known to
occur in a pepper field in NM, disease severity decreased
over time suggesting the lack of oospore formation (primary
inoculum). Isolates insensitive to CuSO4 and mefenoxam were
detected. Copper sulphate was commonly used in the Mesilla
Valley of NM to control PRR, but it was ineffective in local
experimental field plots naturally infested with P. capsici
(Biles et al., 1992), suggesting the presence of copper sulphate
insensitivity. Several CuSO4 insensitive P. capsici isolates
were identified in this study providing further evidence that
CuSO4 insensitivity is present in the Mesilla Valley. In

contrast, CuSO4 in vitro tests reported from China, had a good
inhibitory effect on P. capsici isolates (Zhang et al., 1992).
Differences observed in CuSO4 sensitivity among isolates of
the same genotype provide further evidence of variability.
The fact that mefenoxam is not widely used in southern NM
may account for the presence of a high number of sensitive
isolates. Similar results in metalaxyl sensitivity of P. capsici
isolates from southern NM were observed (data not shown);
this fungicide is not widely used to control P. capsici in NM.
While metalaxyl and mefenoxam insensitivity in P. capsici
isolates has been reported from other areas in the United States
(Lamour and Hausbeck, 2000, 2001; Parra and Ristaino,
2001), only intermediate insensitivity to mefenoxam was
observed in NM. The morphological characteristics of P.
capsici isolates used in this study were similar to those
described by Leonian (1922), except for the tuberous
outgrowths of the mycelium. Colony and sporangium shape

Table 2. Characteristics of 26 Phytophthora capsici isolates from New Mexico and two from North
Carolina, USA, for genotype, mefenoxam and CuSO4 sensitivity, growth at 35°C, and virulence on pepper
(Capsicum annuum) and tomato (Lycopersicon esculentum).
   Isolate             Length      Mefenoxamw            CuSO4

w       Growth                    Disease index
                       breadth ratio                                                      35oCx             on pepper           on tomato
NM6000 1.45±0.05 S (0%) IS 26% 3.0±0 1.33±0.17
NM6011 1.4±0.03 S (7%) IS 42% 2.7±0.33 0.7±0.33
NM6012 1.37±0.05 S (9%) IS 63% 2.1±0.80 0.6±0.66
NM6014 1.47±0.07 S (0%) I (57%) 30% 2.0±0 1.0±0
NM6015 1.29±0.03 IS (65%) I (60%) 100% 2.0±0 1.0±0
NM6019 1.45±0.04 S (11%) I (55%) 36% 2.8±0.17 2.3±0.27
NM6020 1.45±0.04 S (11%) I (46%) 17% 2.8±0.13 2.4±0.
NM6022 1.64±0.06 S (13%) S (9%) 36% 2.1±0.46 0.8±0.15
NM6023 1.33±0.02 S (21%) IS 35% 2.7±0.33 1.7±0.23
NM6024 1.52±0.07 S (13%) IS 58% 2.8±0.17 0
NM6025 1.53±0.04 S (10%) S (16%) 30% 2.0±0.5 1.5±0.24
NM6026 1.44±0.04 S (13%) S (0%) 39% 1.3±0.88 2.3±0.33
NM6027 1.57±0.15 S (13%) IS 23% 3.0±0 1.0±0
NM6029 1.54±0.04 S (21%) S (28%) 44% 3.0±0 0.5±0
NM6030 1.42±0.04 S (19%) S (0%) 50% 2.2±0.54 2.1±0.23
NM6031 1.45±0.05 S (13%) S (9%) 47% 2.0±0 1.0±0
NM6032 1.45±0.07 S (5%) S (0)%) 62% 2.7±0.28 0
NM6033 1.51±0.10 S (7%) I (50%) 63% 3.0±0 0
NM6034 1.71±0.10 S (0%) S (31%) 37% 0 0
NM6035 1.42±0.04 S (10%) S (25%) 42% 2.3±0.33 1.0±0
NM6036 1.48±0.15 S (8%) IS 14% 0 1.0±0
NM6039 1.67±0.05 S (14%) I (41%) 11% 1.73±0.13 1.0±0
NM6040 1.61±0.1 S (32%) S (39%) 27% 1±0 0.5±0
NM6041 1.29±0.03 S (23%) I (42%) 25% 0 0
NM6042 1.65±0.06 S (17%) IS 37% 1.8±0.6 2.6±0.23
NM6143 1.29±. 03 S (15%) IS 52% 3.0±0 1.5±0
NM6057y -----z ----- ----- 25% 2.06±0.06 1.0±0
NM6058y ----- ----- ----- 27% 0.94±0.06 1.0±0

wFungicide sensitivity: IS = insensitive, I = intermediate, S = sensitive.
xGrowth percentage, considering 100% growth at 30°C.
yNorth Carolina isolate.
zData not available.

86  / Volumen 22, Número 1, 2004



were variable as previously described (Aragaki and Uchida,
2001; Leonian, 1922; Mchau and Coffey, 1991; Satour and
Butler, 1967; Tlapal-Bolaños et al., 1995; Tsao, 1991). New
Mexico isolates fit Agaraki and Uchida’s description for P.
capsici isolates regarding sporangium length: breadth ratios
(less than 1.8), absence of chlamydospores, pathogenicity on
Capsicum sp. and growth at 35°C. Nevertheless, growth at
35°C was poor in some isolates on CMA, in contrast to what
is reported by Aragaki and Uchida (2001) on VJA media,
where good growth at this temperature was observed. Others
have shown that P. capsici isolates from Mexico grow poorly
at 35°C (Tlapal-Bolaños et al., 1995). The optimum
temperature for P. capsici growth was between 25-30°C. This
could be an adaptation of the pathogen to temperatures
prevailing in late summer and early fall, when monsoon
rainfall occurs in southern NM and pathogen damage in the
field is the greatest. As previously reported for North Carolina
isolates (Ristaino, 1990), growth at temperatures greater than
35°C is not a definitive character to identify P. capsici isolates
from NM. The southern NM isolates tested also varied in
virulence on cucumber, tomato, and pepper. Differential
virulence has been shown previously on Korean tomato

cultivars (Hwang and Hwang, 1993) and pepper cultivars
inoculated with P. capsici pepper isolates (Kim and Hwang,
1992; Oelke et al., 2003). Significant differences in virulence
have also been observed with P. capsici isolates from NM on
the pepper cultivar New Mexico 6-4 (Adorada and Fernández-
Pavía, unpublished). We observed only slight necrosis on
cucumber inoculated with P. capsici isolates from pepper.
Similarly, Mercado (1990) noted a low percentage of
cucumber leaf infection with sweet pepper isolates from Costa
Rica. In contrast, P. capsici isolates from cucurbits have been
reported to be highly virulent on bell pepper (Ristaino, 1990).
Polach and Webster (1972) identified the presence of distinct
pathogenic strains among P. capsici isolates from cucurbits
and solanaceous hosts. Mercado (1990) and Oelke et al.
(2003) detected physiological races among P. capsici isolates.
Oelke et al. (2003) found that three New Mexican isolates
belonged to a different race and were among the most virulent
isolates. After crossing pathogenic P. capsici isolates, Bowers
and Mitchell (1991) demonstrated that the progenies differed
in their ability to cause disease in pepper plants. This suggests
that virulence variability among P. capsici isolates from NM
is the result of sexual recombination. Zoospore attachment

Table 3. Multilocus genotypes (according to compatibility type and isozyme data)
found in 59 Phytophthora capsici isolates. The isozymes analyzed were malate
dehydrogenase (MDH), lactate dehydrogenase (LDH), phosphoglucomutase (PGM)
and superoxide dehydrogenase (SOD).
Genotype     MDH        LDH4        PGM1         SOD2   Compatibility    No. of
                                                                                                  type         isolatesv

1 DD AB AA DD A1 1
2 DD AA AA DD A1 14w

3 DD AA AA DD A2 7x

4 DD AA AB DD A1 3y

5 DD AA AB DD A2 6
6 DD AA AB BB A1 1
7 BD AA AA DD A1 2
8 BD AA AA DD A2 2
9 DD AB AB DD A1 1
10 DD Null AA DD A1 1
11 BD AA AA BD A1 3
12 BD AA AA BD A2 2
13 DD AA AB BD A1 9
14 DD AA BB DD A2 1
15 DD AB AB BD A1 2
16 DD AB AB BD A2 2
17z DD Null AB DD A1 1
18z DD Null AB DD A2 1
No. of 2 2 3 3
alleles

vFifty one isolates were from New Mexico, USA, five from North Carolina, USA,
two from Japan, and one from Turkey.
wOne isolate was from North Carolina, one from Japan, and one from Turkey.
xOne isolate was from Japan.
yTwo isolates were from North Carolina.
zIsolates from North Carolina.
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and germination did not appear to determine the level of
virulence of isolate NM6024 on pepper, cucumber, or tomato.
Zoospores attached in equal numbers to pepper, cucumber,
and tomato, followed by zoospore germination and
appressorium formation. Likewise, no difference was
observed in zoospore attachment in roots of susceptible and
resistant peppers (Fernández-Pavía, 1997). Genotypic
diversity was high among NM isolates according to the
different multilocus genotypes observed. The Shannon-
Wiener´s index (H’=2.405) calculated for this population is
similar to values obtained from highly diverse P. infestans
populations collected in the Toluca valley (Grünwald et al.,
2001). The evenness index showed that the abundance of the
different genotypes is not homogeneous in the population
(data not shown). Genotype 2 which was the most common
type found in NM, is also found in North Carolina, and in
countries like Turkey and Japan infecting pepper and squash
(Cucurbita pepo L.), respectively. Variability exists in NM
P. capsici isolates with respect to RAPD analysis (Adorada,
1994), colony shape, mating type, morphological variation,
native protein variation (Biles et al., unpublished), isozyme
analysis, relative fungicide sensitivity, and virulence on
different hosts. Therefore, the possibility of new strains arising
in the field from sexual reproduction is highly probable. It is
recommended the use of several isolates in pepper breeding
programs to screen for resistance. It is also likely that
fungicide application will be insufficient for controlling P.
capsici and will need to be complemented by cultural practices
to be fully effective.
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