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ABSTRACT

 

Brito, J. A., R. Kaur, R. Cetintas, J. D. Stanley, M. L. Mendes, T. O. Powers, and D. W. Dickson. 2010.

 

Meloidogyne

 

 spp. infecting ornamental plants in Florida. Nematropica 40:87-103.
A total of 206 root samples were collected from ornamental plants growing in ornamental nurseries

and various landscapes in Florida. Isozyme phenotypes, especially esterase (EST) and malate dehydro-
genase (MDH) were the main methods used to identify the root-knot nematode species. When needed,
the morphology of female perineal patterns, morphometric characters and mitochondrial DNA were
used to aid in the identification. Six 

 

Meloidogyne

 

 spp., 

 

M. arenaria

 

,

 

 M. floridensis

 

, 

 

M. graminis

 

,

 

 M. incognita

 

,

 

M. javanica 

 

and

 

 M. mayaguensis

 

 were found infecting ornamental plants in Florida. As previously report-
ed EST activity was of highest diagnostic value to identify 

 

Meloidogyne 

 

spp. found in this study; however,
MDH was helpful to distinguish 

 

M. mayaguensis

 

 and 

 

M. graminis

 

 from the other root-knot nematode spe-
cies identified. Five new EST phenotypes were detected associated with 17 unidentified root-knot nem-
atode populations. To our knowledge, this is the first report of ornamental plants in the genera 

 

Dracena

 

and 

 

Hibiscus

 

, and

 

 Ligustrum

 

 and 

 

Washingtonia

 

 being host of 

 

M. floridensis 

 

and 

 

M. mayaguensis

 

, respective-
ly. New plant species host records for 

 

M. mayaguensis

 

 were 

 

Ajuga reptans

 

,

 

 Amaranthus tricolor

 

,

 

 Buddleja da-
vidii

 

, 

 

Caryopteris 

 

×

 

 

 

clandonensis

 

, 

 

Clerodendrum 

 

×

 

 ugandense

 

,

 

 Hibiscus grandiflorus

 

, 

 

Lagerstroemia indica

 

,

 

 Penta
lanceolata

 

, 

 

Plectranthus scutellarioides

 

, and 

 

Solandra maxima

 

.

 

Key words: 

 

Esterase isozyme phenotyping, Florida, malate dehydrogenase isozyme phenotyping, 

 

Me-

 

loidogyne

 

 species, ornamental plants, root-knot nematode.

 

RESUMEN

 

Brito, J. A., R. Kaur, R. Cetintas, J. D. Stanley, M. L. Mendes, T. O. Powers, and D. W. Dickson. 2010.

 

Meloidogyne

 

 spp. en plantas ornamentales en Florida. Nematropica 40:87-103. 
Se colectaron 206 muestras de raíces de plantas ornamentales cultivadas en viveros y en distintos

paisajes en Florida. El principal método para identificar las especies fue el de fenotipo isoenzimático,
especialmente de esterasas (EST) y malato deshidrogenasas (MDH). En algunos casos, se comple-
mentó la identificación con morfología del patrón perineal de hembras, caracteres morfométricos y
ADN mitocondrial. Se encontraron seis especies: 

 

M. arenaria

 

,

 

 M. floridensis

 

, 

 

M. graminis

 

,

 

 M. incognita

 

,

 

M. javanica 

 

y

 

 M. mayaguensis

 

 en las plantas ornamentales observadas. La actividad de esterasa fue la de
más alta utilidad en el diagnóstico de especies de 

 

Meloidogyne

 

 en este estudio, pero la actividad de
malato deshidrogenasa fue útil para distinguir a 

 

M. mayaguensis

 

 y 

 

M. graminis

 

 de otras especies de ne-
matodo agallador. Se detectaron cinco nuevos fenotipos de esterasa asociados con 17 poblaciones de
nematodo agallador no identificadas. Hasta donde sabemos, este es el primer registro de 

 

M. floridensis

 

en plantas de los géneros 

 

Dracena 

 

e 

 

Hibiscus

 

, y de 

 

M. mayaguensis

 

 en 

 

Ligustrum

 

 y 

 

Washingtonia

 

. Nuevos
registros de especies vegetales para 

 

M. mayaguensis

 

 incluyen 

 

Ajuga reptans

 

,

 

 Amaranthus tricolor

 

,

 

 Buddleja
davidii

 

, 

 

Caryopteris 

 

×

 

 

 

clandonensis

 

, 

 

Clerodendrum 

 

×

 

 ugandense

 

,

 

 Hibiscus grandiflorus

 

, 

 

Lagerstroemia indica

 

,

 

Penta lanceolata

 

, 

 

Plectranthus scutellarioides

 

 y 

 

Solandra maxima

 

.

 

Palabras clave

 

: especies de 

 

Meloidogyne

 

, fenotipo isoenzimático de esterasa, fenotipo isoenzimático de

 

malato deshidrogenasa, Florida, nematodo agallador, plantas ornamentales.
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INTRODUCTION

In 2007, Florida ranked third among
states in the USA in the production and
gross sale of nursery plants and ranked first
in production of ornamental grasses,
woody ornamental plants, preparative
nursery materials and palm trees (Anony-
mous, 2007). Florida led the nation in sales
of potted foliage for indoor use and hang-
ing baskets and also was the nation’s leader
in sales of cut cultivated greens in 2005
(Anonymous, 2008). Many of the orna-
mental plants currently used for landscap-
ing are susceptible to several pathogens,
including root-knot nematodes (

 

Meloidog-
yne

 

 spp.) (Barker and Benson, 1977; Ben-
son and Barker, 1985; Sinclair 

 

et al

 

., 1987;
Martinez 

 

et al

 

., 2003

 

).

 

 
Up to March 2010, 97 nominal species of

 

Meloidogyne

 

 have been described. The proper
identification of 

 

Meloidogyne

 

 spp. is very
important for implementation of plant
breeding, nematode management, and par-
ticularly for certification and quarantine in
regulatory programs. Species identification is
primarily based on morphological and mor-
phometrics characters of the males, females
and second stage juveniles (Jepson, 1987).
Accurate and reliable identification using
morphology and morphometrics is a difficult
and time consuming task that requires well
trained personnel. Morphological charac-
ters, especially female perineal patterns, are
one of the major characters used to aid in the
identification of root-knot nematodes in rou-
tine analysis; however, perineal patterns are
variable, and may lead to misidentification of
aberrant populations and new species. Con-
versely, biochemical markers such as isozyme
phenotypes used in conjunction with mor-
phological and morphometric, allow a more
precise and accurate identification of 

 

Meloid-
ogyne

 

 spp.
The relative stability of isozymes pheno-

types within 

 

Meloidogyne

 

 spp. (Fargette,

1987a; De Waele and Elsen, 2007;) has
made them a useful tool for nematode
identification. Among the isozyme systems,
esterase (EST) has the highest diagnostic
value because the majority of the pheno-
types described are nematode-species spe-
cific; however, the use of more than one
isozyme may be needed as the result of
intraspecific variability and differences in
migrations obtained from different electro-
phoresis apparatus and laboratories.
Isozyme analysis, specifically EST in combi-
nation with malate dehydrogenase (MDH)
(Dickson 

 

et al.

 

, 1970; Esbenshade and Tri-
antaphyllou, 1985), resolved using poly-
acrylamide gel electrophoresis (PAGE) has
proven to be a valuable, fast and reliable
method to identify the most common root-
knot nematode species collected from dif-
ferent parts of the world (Dickson 

 

et al

 

.,
1970, 1971; Esbenshade and Triantaphyl-
lou, 1985; Fargette, 1987a; 1987b; Pais and
Abrantes, 1989; Carneiro 

 

et al.

 

, 1996; 2000;
Karssen, 2002, Castro 

 

et al.

 

, 2003; Cofcewicz

 

et al.

 

, 2004, 2005; Molinari 

 

et al.

 

, 2005);
however, novel esterase phenotypes have
been discovered in root-knot nematode
surveys (Esbenshade and Triantaphyllou,
1985; Hernandez 

 

et al.

 

, 2004; Adam 

 

et al.

 

,
2005; Molinari 

 

et al.

 

, 2005). To determine
whether theses novel phenotypes represent
a new root-knot nematode species, a nema-
tode species already described but with an
unknown EST/MDH phenotype or an
aberrant pattern; a combination of mor-
phological, morphometric, host range, bio-
chemical and molecular studies are
needed. Currently, several DNA-based
methods such as restriction fragment
length polymorphisms (RFLP), random
amplified polymorphic DNA (RAPD),
amplification of the ribosomal DNA in the
intergenic spacer region (IGS) between
the 18S and 5S gene, amplification of the
mitochondrial DNA (mtDNA) region
between the COII and lRNA genes and the
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63 bp repeat region have shown to be use-
ful to aid in the identification of 

 

Meloidog-
yne

 

 spp. (Powers 

 

et al.

 

, 1986; 1993; 2005;
Blok 

 

et al.

 

, 1997a; 1997b; 2002; Zijlstra 

 

et al.

 

,
2000; Randig 

 

et al.

 

, 2002; Handoo 

 

et al.

 

,
2004); however, these methods are still
expensive to use in large surveys (Powers 

 

et
al.

 

, 2005) as well as in routine analyses in
many nematode diagnostic laboratories
due to the costs with equipment, reagents
and DNA sequencing.

The objectives of the current study were
to i) identify the root-knot nematode spe-
cies found infecting ornamental plant spe-
cies in Florida, ii) evaluate the usefulness of
EST and MDH phenotypes in differentiat-
ing 

 

Meloidogyne spp. for routine diagnostic
purposes, and iii) determine the plant host
of each of the Meloidogyne sp. identified.

MATERIALS AND METHODS

A total of 206 root samples were col-
lected from ornamental plants in 26 coun-
ties in Florida for isolation and
identification of root-knot nematode spe-
cies in this study. Species identification was
performed using primarily esterase (EST)
phenotypes in combination with malate
dehydrogenase (MDH) (Esbenshade and
Triantaphyllou, 1985); when needed, the
morphology of females perineal patterns
(Hartman and Sasser, 1985; Rammah and
Hirschman, 1988), morphometric charac-
ters (Jepson, 1987; Rammah and Hir-
schman, 1988) and mitochondrial DNA
(Powers and Harris, 1993) were used to aid
in the identification.

Samples used for this study mainly con-
sisted of roots collected individually from
ornamental plants growing in several nurs-
eries, from various landscapes as well as
samples submitted to the Nematology Lab-
oratory, Division of Plant Industry, Gaines-
ville, Florida for certification. Each sample
was given an accession number, represent-

ing the year of collection and the serial
number to maintain sample identity. Root
samples with limited infection were cut
into ca. 2-cm pieces, mixed with pasteur-
ized soil and placed into a clay pot in which
a tomato seedling (Solanum lycopersicum
‘Rutgers’) was transplanted. Plants were
maintained in a greenhouse at 26 ± 1.8°C
until used for nematode identification.
The procedure for isozyme extraction
from each nematode female was the same
as that reported by Brito et al., 2008. At
least 26 egg-laying females were dissected
directly from each root system and isozyme
profiles determined using polyacrylamide
gel electrophoresis (PAGE) with two gels
run at the same time (Brito et al., 2008).
One gel was stained for both MDH and
EST activity (Esbenshade and Triantaphyl-
lou, 1985), whereas the second one, was
stained only for EST. Extracts from single
M. javanica females were added separately
to individual wells on each gel as standards.
The nematodes species with new or
unknown EST phenotypes were also
stained for two different isozymes; superox-
ide dismutase (SOD) and glutamic-oxalo-
acetic transaminase (GOT) activities.
Relative mobility of isozymes was calculated
and phenotype designations were assigned
according to Esbenshade and Triantaphyl-
lou (1985) and Fargette (1987a). There
was no EST phenotype described for M.
graminis. Therefore, the phenotype Mg1
was designated for this nematode species,
which represent the first two letters of the
Meloidogyne sp. followed by the number of
major bands of EST activity, as proposed
previously (Brito et al., 2008). It is worth
mentioning that according to Esbenshade
and Triantaphyllou (1985), the phenotype
G1 should be assigned to this species; how-
ever, that phenotype had already been
assigned to M. graminicola (Carneiro et al.,
2000). Preliminary results of this study
have been reported (Brito et al., 2004b).
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RESULTS AND DISCUSSION

A total of six root-knot nematode spe-
cies and six unidentified populations of
Meloidogyne spp. were found infecting 75
ornamental plant species belonging to 36
botanical families in this study (Tables 1
and 2). Only the major bands of EST and
MDH activities were used for phenotype
designation and species identification as
described in previous studies (Dickson et
al., 1970, 1971; Esbenshade and Trianta-
phyllou, 1985; Fargette, 1987a; Pais and
Abrantes, 1989; Carneiro et al., 2000; Kars-
sen, 2002, Castro et al., 2003; Cofcewicz et
al., 2005; Molinari et al., 2005). A schematic
representation of EST and MDH pheno-
types containing relative migration (Rm)
values and band numbers detected for
each Meloidogyne sp. identified in each sam-
ple is presented in Figs. 1 and 2.

Esterase phenotypes (EST)

Fourteen distinct EST phenotypes and
26 major bands of EST activities were iden-
tified among the populations of Meloidog-
yne spp. examined (Tables 1 and 2; Fig. 1).
A total of six root-knot nematode species
plus six unidentified populations were
found in this study. 

The phenotype A2 (Rm: 45.35, 48.83)
(Tables 1 and 2; Fig. 1) was detected in 44
populations of M. arenaria found infecting
several ornamental plants species either
alone or in mixed populations with M. incog-
nita, M. javanica or M. mayaguensis (Tables 1
and 2). The A2 phenotype is species-specific
for M. arenaria, and has been observed in sev-
eral populations of this nematode in Brazil
(Carneiro et al., 2000; Castro et al., 2003;
Cofcewicz et al., 2004), Guadalupe, French
Guiana and Martinique (Cofcewicz et al.,
2005), Portugal (Pais and Abrantes, 1989),
West Africa (Fargette et al., 1987b), and the
United States (Brito et al., 2008).

The EST phenotype Mf3 (Rm: 38.37,
40.69, 44.18) (Brito et al., 2008), which is
species- specific for M. floridensis, was iso-
lated from three populations found repro-
ducing in Dracena sp. and Hibiscus sp.
(Table 1; Fig. 1). This is the first report of
ornamental plants being host for M.
floridensis. All populations of this nematode
species reported in this study were
detected singly and not as mixed popula-
tions with other Meloidogyne spp. Nonethe-
less, M. floridensis has been reported in
mixed populations with M. incognita and
M. javanica infecting Phaseolus spp. (Brito et
al., 2008). It is worth mentioning that M.
floridensis is known to occur only in Florida
(Handoo et al., 2004).

Meloidogyne graminis was the only spe-
cies infecting nine root samples of Steno-
taphrum secundatum var. Amerishade and S.
secundatum and exhibited a single EST
band with a very slow migration (Rm: 19.2)
(Fig. 1). Perineal patterns of females and
morphometrics of J2 were also used to aid
the identification of this nematode species
(data not shown). Results were similar to
those reported previously (Jepson, 1987).

The phenotype I1 (Rm: 39.5), which
has been consistently identified from M.
incognita collected in several regions
around the world (Esbenshade and Trian-
taphyllou, 1985; Pais and Abrantes, 1989;
Carneiro et al., 2004; Brito et al., 2008) was
observed in 59 populations of M. incognita
infecting several ornamental plants (Tables
1 and 2; Fig. 1). Nevertheless, four addi-
tional populations identified as M. incog-
nita exhibited the phenotype I2 (Rm: 39.5,
41.0) (Table 2; Fig. 1). This phenotype
shares a common band with phenotype I1
at Rm 39.5 (Fig. 1). Similarly, both pheno-
types were detected among populations of
M. incognita from Brazil (Carneiro et al.,
1996, 2000, 2004; Castro et al., 2003; Bar-
bosa et al., 2004; Cofcewicz et al., 2004),
Guadalupe, French Guiana and Martin-
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ique (Cofcewicz et al., 2005), Portugal (Pais
and Abrantes, 1989) and United States
(Brito et al., 2008). Phenotypes I1 and I2
were never found together in the same
sample in this study; however the detection
of both phenotypes among populations of
M. incognita could be associated with some
intraspecific variability.

The species-specific phenotype J3
appeared in 36 populations identified as
M. javanica (Tables 1 and 2; Fig. 1). These
populations occurred singly or mixed with
M. arenaria, M. incognita and M. mayaguen-
sis (Tables 1 and 2). These results were con-
sistent with those in previous studies
(Esbenshade and Triantaphyllou, 1985;
Pais and Abrantes, 1989; Tomaszewski et al.,
1994; Carneiro et al., 1996, 2000, 2004; Cas-
tro et al., 2003; Cofcewicz et al., 2004, 2005;
Molinari et al., 2005; Brito et al., 2008).
Three populations of M. javanica infecting
Buddleja davidii and Ophiopogon japonicus
exhibited the J2 phenotype (Table 1;

Fig. 1). Likewise, this phenotype was also
reported from populations of M. javanica
infecting Abelmoschus esculentus (Oliveira et
al., 2007) and Musa sp. (Cofcewicz et al.,
2004) in Brazil, and also Musa sp. from
Guadalupe, French Guiana and Martin-
ique (Cofcewicz et al., 2005).

All 72 nematode populations identified
as M. mayaguensis exhibited two major bands
of EST activity (Rm 29.06; 38.37), consistent
with the VS1-S1 phenotype (Fig. 1). At
times, each of these bands resolved into two
minor bands. Morphology of perineal pat-
terns and morphometrics of selected char-
acters were similar to those from the species
description (Rammanh and Hisrchmann,
1988) and other isolates of M. mayaguensis
found in Florida (Brito et al., 2004a). Fur-
thermore, analysis of the mtDNA region
between COII and lrRNA genes was also
used to compare with the EST phenotype.
Results were in agreement with those
reported previously (Brito et al., 2004a).

Fig. 1. Schematic representation of esterase phenotypes of Meloidogyne spp. infecting ornamentals in Florida. A2
= M. arenaria, Mf3 = M. floridensis, Mg1 = M. graminis, I1 and I2 = M. incognita, J3 and J2 = M. javanica, VS1-S1 = M.
mayaguensis, Ep2 = M. sp.1, Mc1 = M. sp.2, Vo1 = M. sp.3, Vo2 = M. sp.4, Gj2 = M. sp.5 and Cv2 = M. sp.6. zRm =
Relative mobility
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The EST phenotype, VS1-S1 proved to
be of high diagnostic value to distinguish
M. mayaguensis from all other root-knot
nematode species identified in this study,
particularly M. incognita. It is most likely
that M. mayaguensis has been erroneously
identified as M. incognita in the past in Flor-
ida due to some similarity of the perineal
patterns of these two species (Brito et al.,
2004a, 2008). In North America, this nem-
atode is known to occur only in Florida
(Brito et al., 2004a, b). Meloidogyne may-
aguensis was identified from root samples
of several ornamental plant species belong-
ing to 16 botanical families (Table 1). To
our knowledge Ajuga reptans, Amaranthus
tricolor, Buddleja davidii, Caryopteris × clan-
donensis, Clerodendrum ugandense, Hibiscus
grandiflorus, Lagerstroemia indica, Penta lan-
ceolata, Plectranthus scutellarioides, and Solan-
dra maxima are new host records for M.
mayaguensis.

It is worth mentioning that the pheno-
type VS1-S1 also has been reported for
another root-knot nematode species, M.
enterolobii from China (Yang and Eisenback,
1983; Esbenshade and Triantaphyllou,
1985). These two root-knot nematode spe-
cies share not only biochemical and mor-
phological characteristics, but they also

have identical sequences of the mtDNA
region between COII and lrRNA genes
(Xu et al., 2004). Furthermore, sequence
data obtained from studies based on COI,
ITS, and IGS showed that the Swiss M. enter-
olobii populations, and two isolates of M.
mayaguensis, each from Brazil and the USA
showed 100% similarity (Kiewnick et al.,
2007; 2008). Currently, M. mayguensis is
being synonymized with M. enterolobii (Ger-
rit Karssen, personal communication).

Six unique EST profiles were detected
from 19 unidentified populations of
Meloidogyne spp. infecting different orna-
mental plants in this study. These popula-
tions were named Meloidogyne sp. 1 to 6.
Two populations of Meloidogyne sp. 1 exhib-
ited two EST major bands Rm: 41.0, 43.70)
(Table 1; Fig. 1) similar to a phenotype
(Ep2) already described for a root-knot
nematode infecting originally Eclipta pros-
trata in Florida (Brito et al., 2008), whereas
five new EST phenotypes (Mc1, Cv2, Gj2,
Vo1, and Vo2) were described from the
remaining 17 unidentified populations
(Table 1). Phenotype designations used to
assign these new phenotypes were the same
as previously reported (Esbenshade and
Triantaphyllou, 1985; Brito et al., 2008). A
phenotype designated as Mc1 with one
major band of activity at Rm: 32.0 was
detected in three populations of Meloidog-
yne sp. 2 infecting initially Myrica cerifera
(Table 1; Fig. 1). In a differential host test
(Hartman and Sasser, 1985) single egg
mass isolates obtained from Meloidogyne sp.
2 reproduced on tobacco ‘NC95’, cotton
‘DPL 16’, watermelon ‘Charleston Grey’,
pepper ‘California Wonder’ and tomato
‘Rutgers’, but not on peanut ‘Florunner’.
Furthermore, the isolates also reproduced
well on potato but did not reproduce on
corn or wheat (data not shown).

The phenotype Vo1, with one major
band of activity (Rm 51.16) (Table 1; Fig. 1)
and Vo2, with two major bands (26.0; 51.16)

Fig. 2. Schematic representation of malate dehydroge-
nase phenotypes of Meloidogyne spp. populations
found infecting ornamental plants in Florida. N1 = M.
arenaria, M. floridensis, M. incognita, M. javanica, M.
sp.3, M. sp.4, and M. sp.6; N2a = M. incognita; N3 = M.
arenaria, N1a = M. graminis, M. mayaguensis, M. sp.2
and M. sp.5. Phenotypes designation according to Es-
benshade and Triantaphyllou (1985). zRm= Relative
mobility.
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(Table 1; Fig. 1) were observed in mixture
population with Meloidogyne sp. 3 and Meloi-
dogyne 4 infecting Vibernum odoratissimum.
These two phenotypes share a major band
at Rm 51.16 and remained stable when
nematode isolates were inoculated and
reared on tomato ‘Rutgers’. Furthermore,
nematode isolates with phenotypes Vo1 or
Vo2 showed the same host reactions when
inoculated on differential host plant culti-
vars (Hartman and Sasser, 1985); both iso-
lates reproduced on all plant cultivars
except peanut ‘Florunner’ and pepper ‘Cal-
ifornia Wonder’. These nematode isolates
showed the same MDH (NI) (Fig. 2),
glutamic-oxaloacetic transaminase (NIa)
and superoxide dismutase (N2b) pheno-
types (Esbenshade and Triantaphyllou,
1985) regardless of the EST phenotype.

Another phenotype, Gj2 with two major
bands (Rm 50.6; 52.2) (Table 1; Fig. 1) was
detected in two nematode populations des-
ignated as Meloidogyne sp. 5, which were
found infecting Gardenia jasminoides and an
unidentified ornamental plant in Hardee
and Highlands Counties, respectively. Iso-
lates of these nematodes had the same host
reactions as those of M. javanica race 1 and
M. arenaria race 2 (Hartman and Sasser,
1985). Meloidogyne sp. 6, initially found
reproducing on Callistemon viminalis in Ala-
chua County, exhibited the phenotype Cv2
and had three bands (Rm 28; 40.2) (Table
1; Fig. 1). Isolates obtained from the field
population showed the same differential
host reaction as that of M. incognita race 2.
Currently, single egg masses obtained from
all unidentified root-nematode species are
being reared on tomato ‘Rutgers’ and will
be used for further investigation as an
attempt to identify each nematode species.

Malate dehydrogenase phenotypes

Five bands of MDH activity and four
MDH phenotypes were observed among

the populations of Meloidogyne spp. in this
study (Tables 1 and 2; Fig. 2). The pheno-
type N1 (Rm: 20.2) was detected in all pop-
ulations of M. arenaria, M. floridensis, M.
incognita, M. javanica, Meloidogyne sp. 3,
Meloidogyne sp. 4 and Meloidogyne sp. 6
(Tables 1 and 2; Fig. 2), except one popula-
tion of M incognita, which exhibited a
unique phenotype (N2a) with two major
bands of activity at Rm: 20.2: 23.1 (Table 2;
Fig. 2) and two populations of M. arenaria,
which showed the N3 phenotype (Rm:
20.0:23.1:26.0) with three bands of MDH
activity (Tables 1; Fig. 2). The N1 pheno-
type has been commonly associated with
the three major species of Meloidogyne col-
lected in other regions of the world
(Esbenshade and Triantaphyllou, 1985;
Pais and Abrantes, 1989; Carneiro et al.,
2004, Brito et al., 2008). Nonetheless, the
phenotype N3 has been detected in some
populations of M. arenaria in the United
States (Brito et al., 2008) and also from
other geographical regions (Esbenshade
and Triantaphyllou, 1985; Pais and
Abrantes, 1989; Cofcewicz et al., 2005). To
our knowledge, this is the first report of the
phenotype N2a identified from M. incog-
nita, which could be associated with some
variability among populations of this nema-
tode species. This phenotype remained sta-
ble when a nematode isolate was
inoculated and reared on tomato ‘Rut-
gers’.

The phenotype N1a, which showed one
very strong band (Rm: 28.1) of MDH activ-
ity was detected in all the populations of M.
graminis, M. mayaguensis, Meloidogyne sp. 2
and Meloidogyne sp. 5 (Tables 1 and 2; Fig.
2). An identical phenotype has been
reported from populations of M. chitwoodi,
M. enterolobii, M. naasi, M. oryzae, M. plan-
tani (Esbenshade and Triantaphyllou,
1985), and M. partityla and M. graminicola
(Brito et al., 2006). Therefore it is of
restricted diagnostic value to differentiate
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these Meloidogyne spp.; however, the N1a
phenotype could aid in the discrimination
of these root-knot nematode species from
M. arenaria, M. floridensis, M. incognita and
M. javanica.

The results obtained in this study, in
combination with those already reported
in other studies, clearly show the usefulness
of isozymes as a valuable tool for identifica-
tion of Meloidogyne spp. in a large number
of samples. The EST and MDH phenotypes
were useful to detect mixed populations of
Meloidogyne spp. as well as to determine new
host records for root-knot species; however,
EST had a higher diagnostic value than
MDH in the discrimination of the
Meloidogyne spp. found infecting ornamen-
tal plants in Florida.

ACKNOWLEDGEMENTS

This research was supported by the
Tropical and Subtropical Agriculture
Research grant (T-STAR) #2005-34135-
15895, Cooperative State Research, Educa-
tion and Extension Services (CSREES),
United States Department of Agriculture,
USA. The authors thank Dr. Richard E.
Weaver, Jr., Botany Section, Division of
Plant Industry, Gainesville, Florida, for
identification of weed species and also Ana
L. Ochoa, Christine A. Zamora, Charles L.
Spriggs, Ping Qiao, Matthew W. Brodie and
Sol F. Locker for their support during the
field work.

LITERATURE CITED

Adam, M. A. M., M. S. Phillps, and V. C. Block. 2005.
Identification Meloidogyne spp. from northeast
Libya and comparison of their inter- and intro-
specific genetic variation using RAPDs. Nematol-
ogy 7:599-609. 

Anonymous. 2007. The National Agricultural Statis-
tics Service. Released 9 September 2007, Agricul-
tural Statistics Board, U.S. Department of Agri-
culture. http://usda.mannlib.cornell.edu/

usda/current/NursProd/NursProd-09-26-
2007.pdf. Accessed April 2010.

Anonymous. 2008. Florida Department of Agriculture
and Consumer Services. Overview of Florida Ag-
riculture. http://www.florida-agriculture.com/
agfacts.htm. Accessed April 2010.

Barbosa, D. H. S. G., H. D. Vieira, R. M. Souza, and C.
P. Silva. 2004. Survey of root-knot nematode (Me-
loidogyne spp.) in coffee plantations in state of
Rio de Janeiro, Brazil. Nematologia Brasileira
28:43-47.

Barker, K. R., and D. M. Benson. 1977. Japanese hol-
lies: intolerant hosts of Meloidogyne arenaria in mi-
croplots. Journal of Nematology 9:330-334.

Benson, D. M., and K. R. Barker. 1985. Nematodes - a
threat to ornamental plants in the nursery and
landscape. Plant Disease 69:97-100.

Brito, J. A., R. Kaur, R. Cetintas, J. D. Stanley, M. L.
Mendes, E. J. McAvoy, T. O Powers, and D. W.
Dickson. 2008. Identification and isozyme char-
acterization of Meloidogyne spp. infecting horti-
cultural and agronomic crops, and weed plants
in Florida. Nematology 10:757-766.

Brito, J. A., R. Kaur, D. W. Dickson, J. R. Rich, and L.
A. Halsey. 2006. The pecan root-knot nematode,
Meloidogyne partityla Kleynhans, 1986. Nematolo-
gy Circular No. 222, Florida Department of Agri-
culture and Consumer Services, Division of Plant
Industry, Gainesville, Florida.

Brito, J. A., T. O. Powers, P. G., Mullin, R. N., Inserra,
and D. W. Dickson. 2004a. Morphological and
molecular characterization of Meloidogyne may-
aguensis isolates from Florida. Journal of Nema-
tology 36:232-240.

Brito, J. A., J. D. Stanley, R. Cetintas, T. O. Powers, R.
N. Inserra, E. J. McAvoy, M. L. Mendes, W. T.
Crow, and D. W. Dickson. 2004b. Identification
and host preference of Meloidogyne mayaguensis,
and other root-knot nematodes from Florida,
and their susceptibility to Pasteuria penetrans.
Journal of Nematology 36:308-309.

Block, V. C., M. S. Phillips, J. W. McNicol, and M. Far-
gette. 1997a. Genetic variation in tropical Meloid-
ogyne spp. as shown by RAPD-PCR. Fundamental
and Applied Nematology 20:127-133.

Block, V. C., M. S. Phillips, and M. Fargette. 1997b.
Comparison of sequences from the ribosomal
DNA intergenic region of Meloidoygne mayaguen-
sis and other major root-knot nematodes. Jour-
nal of Nematology 29:16-22.

Blok, V. C., J. Wishart, M. Fargette, K. Berthier, and M.
S. Phillips. 2002. Mitochondrial DNA differences
distinguishing Meloidogyne mayaguensis from the
major species of tropical root-knot nematodes.
Nematology 4:773-781.



102 NEMATROPICA Vol. 40, No. 1, 2010

Carneiro, R. M. D. G., M. R. A. Almeida, and R. G.
Carneiro. 1996. Enzyme phenotypes of Brazilian
populations of Meloidogyne spp. Fundamental
and Applied Nematology 19:555-560.

Carneiro, R. M. D. G., M. S. Tigano, O. Randig, M. R.
A. Almeida, and J. L. Sarah. 2004. Identification
and genetic diversity of Meloidogyne spp. (Ty-
lenchida: Meloidogynidae) on coffee from Bra-
zil, Central America and Hawaii. Nematology
6:287-298.

Carneiro, R. M. D. G., M. R. A, Almeida, and P.
Quénéhervé. 2000. Enzyme phenotypes of Me-
loidogyne spp. populations. Nematology 2:645-
654.

Castro, J. M. C., R. D. Lima, and Carneiro, R. M. D. G.
2003. Variabilidade isoenzimática de populações
de Meloidogyne spp. provenientes de regiões
Brasileiras produtoras de soja. Nematologia
Brasileira 27:1-12.

Cofcewicz, E. T., R. M. D. G. Carneiro, P. Castagnone-
Sereno, and P. Quénéhervé. 2004. Enzyme phe-
notypes and genetic diversity of root-knot nema-
todes parasitizing Musa in Brazil. Nematology
6:85-95.

Cofcewicz, E. T., R. M. D. G. Carneiro, O. Randig, C.
Chabrier, and P. Quénéhervé. 2005. Diversity of
Meloidogyne spp. on Musa in Martinique, Guade-
loupe, and French Guiana. Journal of Nematolo-
gy 37:313-322. 

De Waele, D., and A. Elsen, 2007. Challenges in tropi-
cal plant nematology. Annual Review of Phytopa-
thology 45:457-485

Dickson, D. W., J. N. Sasser, and D. Huisingh. 1970.
Comparative disc-electrophoretic protein analy-
sis of selected Meloidogyne, Ditylenchus, Heterodera,
and Aphelenchus spp. Journal of Nematology
2:286-293.

Dickson, D. W., D. Huisingh, and J. N. Sasser, 1971.
Dehydrogenases, acid, alkaline phosphatases
and esterases for chemotaxonomy of selected
Meloidogyne, Ditylenchus, Heterodera, and Aphelen-
chus spp. Journal of Nematology 3:1-16.

Esbenshade, P. R., and A. C. Triantaphyllou. 1985.
Electrophoretic methods for the study of root-
knot nematode enzymes. Pp. 115-123 in K. R.
Barker, C. C. Carter, and J. N. Sasser, Eds. An ad-
vanced treatise on Meloidogyne. Raleigh, NC:
North Carolina State University Graphics.

Fargette, M. 1987a. Use of the esterase phenotypes in
the taxonomy of the genus Meloidogyne. 1. Stabil-
ity of the esterase phenotype. Revue De Néma-
tologie 10:39-43.

Fargette, M. 1987b. Use of the esterase phenotypes in
the taxonomy of the genus Meloidogyne. 2. Es-
terase phenotypes observed in West African pop-

ulations and their characterization. Revue De
Nématologie 10:45-56.

Harris, T. S., L. J. Sandall, and T. O. Powers. 1990.
Identification of single Meloidogyne juveniles by
polymerase chain reaction amplification of mito-
chondrial DNA. Journal of Nematology 22:518-
524.

Hartman, K. M., and J. N. Sasser. 1985. Identification
of Meloidogyne species on the basis of differential
host test and perineal patterns morphology. Pp.
69-77 in K. P. Barker, C. C. C. Carter, and J. N.
Sasser, Eds. An Advanced treatise on Meloidogyne.
Vol. II: Methodology. Raleigh, NC, USA, North
Carolina State University Graphics.

Handoo, Z. A., A. P. Nyczepir, D. Esmenjaud, J. G. van
der Beek, P. Castagnone-Sereno, L. K. Carta, A.
M. Skantar, and J. A. Higgins. 2004. Morphologi-
cal, molecular and differential-host characteriza-
tion of Meloidogyne floridensis n. sp. (Nematoda:
Meloidogynidae), a root-knot nematode parasit-
izing peach in Florida. Journal of Nematology
36:20-35.

Hernandez, A., M. Fargette, and J. L. Sarah. 2004.
Characterization of Meloidogyne spp. (Tylenchi-
da: Meloidogynidae) from coffee plantations in
Central America and Brazil. Nematology 6:193-
204.

Jepson S. B. 1987. Identification of root-knot nema-
todes. Wallingford, United Kingdom, CABI, 247
pp. 

Karssen, G. 2002. The plant-parasitic nematode genus
Meloidogyne Göldi, 1982 (Tylenchida) in Europe.
Leiden, The Netherlands, Brill Academic, 157
pp.

Kiewnick, S., R. Eder, I. Roth, M. Oggenfuss, B. Frey,
and J. E. Frey. 2007. Occurrence of root-knot
nematodes in Switzerland. Journal of Nematolo-
gy 39:88. (Abstract).

Kiewnick, S., G. Karssen, J. A. Brito, M. Oggenfuss,
and J. E. Frey. 2008. Occurrence of M. enterobolii
in Switzerland. Journal of Plant Disease and Pro-
tection 115:134.

Martinez, A., J. W-.Woodward, and M. Pearce. 2003.
Diseases of Leyland cypress in the landscape. ht-
tp:// www.ces.uga. edu/pubcd/B1229.htm. Ac-
cessed April 2010.

Molinari, S., F. Lamberti, R. Crozzoli, S. B. Sharma,
and L. Sánchez Portales. 2005. Isozyme patterns
of exotic Meloidogyne spp. populations. Nemato-
logia Mediterranea 33:61-65.

Oliveira, R. D. L., M. B. Silva, N. D. C. Aguiar, F. L. K.
Bérgamo, A. S. V. Costa, and L. Prezotti. 2007.
The influence of parasitic nematodes on okra
crop in eastern Minas Gerais State, Brazil. Horti-
cultura Brasileira 25:88-93.



Ornamental plants as hosts of Meloidogyne species: Brito et al. 103

Pais, C. A., and I. M. de. O. Abrantes. 1989. Esterase
and malate dehydrogenase phenotypes in Portu-
guese populations of Meloidogyne species. Journal
of Nematology 21:342-346.

Powers, T. O., and T. S. Harris. 1993. A polymerase
chain reaction for identification of five major
Meloidogyne species. Journal of Nematology 25:1-
6.

Powers, T. O., P. G., Mullin, T. S. Harris, L. A. Sutton,
and R. S. Higgins, 2005. Incorporating molecu-
lar identification of Meloidogyne spp. into a large-
scale regional survey. Journal of Nematology
37:226-235.

Powers, T. O, E. G. Platzer, and B. C. Hyman. 1986.
Species-specific restriction site polymorphism in
root-knot nematode mitochondrial DNA. Jour-
nal of Nematology 18: 288-293.

Rammah, A., and H. Hirschmann. 1988. Meloidogyne
mayaguensis n. sp. (Meloidogynidae), a root-knot
nematode from Puerto Rico. Journal of Nema-
tology 20:58-69.

Randig, O., M. Bongiovanni, R. M. D. G. Carneiro,
and P. Castagnone-Sereno. 2002. Genetic diversi-
ty of root-knot nematodes from Brazil and devel-

opment of SCAR markers specific for the coffee-
damaging species. Genome 45:862-870.

Sinclair, W. A., H. H. Lyon, and W. T. Johnson. 1987. Dis-
eases of trees and shrubs. Ithaca, N.Y. Comstock
Publishing Associates, Cornell University Press.

Tomaszewski, E. K., M. A. M. Khalil, A. A. El-Deeb, T.
O. Powers, and J. L. Starr. 1994. Meloidogyne jav-
anica parasitic on peanuts. Journal of Nematolo-
gy 26:436-441.

Xu, J., P. Liu, Q.Memg, and H. Long. 2004. Character-
ization of Meloidogyne species from China using
isozymes phenotypes, and amplified mitochon-
drial DNA restriction fragment length polymor-
phism. European Journal of Plant Pathology
110:309-315.

Yang, G., and J. D. Eisenback. 1983. Meloidogyne enter-
olobii n. sp. (Meloidogynidae), a root-knot nema-
tode parasitize pacara earpod tree in China,
Journal of Nematology 15:381-391.

Zijlstra, C., T. H. M. Donkers-Venne, and M. Fargette.
2000. Identification of Meloidogyne incognita, M.
javanica and M. arenaria using sequence charac-
terized amplified regions (SCAR) based PCR as-
says. Nematology 2:847-853.

Received: Accepted for publication:
1/IV/2010 13/V/2010

Recibido: Aceptado para publicación





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


