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ABSTRACT

Franco-Navarro, F., K. Vilchis-Martinez, and J. Miranda-Damidn. 2008. New records of Pochonia
chlamydosporia from Mexico: Isolation, Root colonization and Parasitism of Nacobbus aberrans eggs.
Nematropica 39:133-142.

One hundred and six soil samples were taken from the buffer zone of the Biosphere Reserve of
“Los Tuxtlas”, Veracruz, Mexico, and examined for the presence of native isolates of the fungus Po-
chonia chlamydosporia. Samples were collected from locations with different land uses (i.e. natural for-
est, secondary forest, pasture fields and maize fields) and were processed using a selective medium to
isolate the fungus. Two varieties of the fungus (alone or in combination), were found in a total of 30
soil samples: P. c. var. chlamydosporia was present in 25 samples and P. chlamydosporia var. catenulatain
10 of the samples. Six isolates were present in pasture fields, 4 in maize fields, 13 in secondary forest
and 12 in natural forest. All isolates were tested on maize for their ability to colonize roots, and to par-
asitize eggs of the nematode Nacobbus aberrans. There were highly significant differences in the pro-
portion of eggs parasitized by the different isolates (Tukey, 0. < 0.01). Eight isolates parasitized >80%
of the eggs, 16 parasitized between 70-80%, and 11 parasitized <70%. Root colonization ranged from
75-100%: 12 isolates colonized all root segments, 14 colonized 90-99% of them, six colonized 80-89%
and three colonized only 75%. This is the first record of P. c. var. catenulata being present in Mexican
soils and the first record of P. chlamydosporia in natural habitats—non-disturbed soils—from Mexico.

Key words: false root-knot nematode, Los Tuxtlas, microbiological control, nematophagous fungi,
plant-parasitic nematodes.

RESUMEN

Franco-Navarro, F., K. Vilchis-Martinez, and J. Miranda-Damian. 2008. Nuevos registros de Pochonia
chlamydosporia: Aislamiento, Colonizacion de raices y Parasitismo de huevos de Nacobbus aberrans.
Nematropica 39:133-142.

Se procesaron 106 muestras de suelo tomadas de la zona de amortiguamiento de la Reserva de la Bio-
sfera “Los Tuxtlas”, Veracruz México, con el fin de detectar la presencia de aislamientos nativos del hon-
go P. chlamydosporia. Las muestras se colectaron en sitios con diferente uso de suelo (bosque natural,
bosque secundario, pastizal y maizal), y se procesaron utilizando métodos estindares y un medio semi-se-
lectivo para aislar al hongo. En un total de 30 muestras de suelo se identific a P. chlamydosporia, pre-
sentandose sus dos variedades individualmente o en combinacion: P. c. var. chlamydosporia estuvo pre-
sente en 25 muestras y P. ¢. var. catenulata en 10 de las muestras. En pastizal se encontraron 6
aislamientos, 4 en maizal, 13 en bosque secundario y 12 en bosque natural. De todos los aislamientos, se
probé su capacidad para colonizar raices de maiz y parasitar huevos del nematodo Nacobbus aberrans. Hu-
bo diferencias altamente significativas en la proporcién de huevos parasitados por los diferentes ais-
lamientos (Tukey, 0. < 0.01). Ocho aislamientos parasitaron >80% de los huevos, 16 parasitaron entre 70-
80%, y 11 parasitaron <70%. La colonizacién de raices vari6 entre 75-100%: 12 aislamientos colonizaron
todos los segmentos de raices, 14 colonizaron 90-99% de ellos, seis colonizaron 80-89% y tres colonizaron
solamente 75%. Este es el primer registro de la presencia de P. ¢. var. catenulata en suelos mexicanos y el
primer registro de P. chlamydosporia en ambientes naturales—con suelos no perturbados—de México.
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nematodos fitoparasitos.

Pochonia chlamydosporia (Goddard) Zare
and W. Gams (= Verticillium chlamydospo-
rium) is a nematophagous fungus wide-
spread and a natural parasite of cyst and
root-knot nematodes (Morgan-Jones et al.,
1981; Kerry et al., 1984; de Leij et al., 1992,
1993; Hidalgo-Diaz et al., 2000). Its poten-
tial as a biological control agent for use in
integrated pest management strategies for
Meloidogyne incognita in vegetable crops has
repeatedly been studied (Atkins et al.,
2003a, b; Kerry and Hidalgo-Diaz, 2004).
Pochonia chlamydosporia has been isolated
from the rhizospheres of clover and
ryegrass, from snail eggs and from
oospores of some fungi and does not seem
to depend on nematodes for its nutrition
(Kerry et al., 1984). This fungus is a faculta-
tive parasite of nematode eggs, and can
proliferate in the rhizoplane and rhizo-
sphere of a wide range of crop plants;
although the fungus does not cause lesions
or affect root growth, some endophytic col-
onization has been reported (Kerry et al.,
1984; de Leij and Kerry, 1991; Bourne et al.,
1994). Such colonization prolongs the sur-
vival of the fungus in soil and enables it to
multiply close to developing female nema-
todes (de Leij and Kerry, 1991). Different
strains can vary in their pathogenicity,
growth and chlamydospores production in
laboratory media (Kerry, 1981; Kerry et al.,
1984).

There have been few studies on the bio-
logical control of nematodes in Mexico
using nematophagous fungi. The first sur-
vey was made by Lappe and Ulloa (1982),
who isolated Arthrobotrys oligospora Fresen.
and A. conoides Drechsler from Mexican
soils. Mendoza-de Gives et al. (1994) tested
the ability of Arthrobotrys spp. to infect two
species of nematodes, one of them being

the false root-knot nematode, Nacobbus
aberrans. Later, Mexican isolates of Pochonia
chlamydosporia, were screened against N.
aberrans to identify the most effective for
use them in developing integrated pest
management strategies (Flores, 2003).

Nacobbus aberrans is a significant pest in
Mexico, as it damages important food
crops such as tomato (Lycopersicon esculen-
tum Mill.), chili (Capsicum annum L.) and
bean (Phaseolus vulgaris L.) (Manzanilla-
Lopez et al., 2002). In fields, where control
measures have not been implemented,
tomato yield losses up to 83% have been
reported (Cristébal-Alejo et al, 2001).
Because of its wide host range, including
many weeds, and its high reproductive
capacity under field conditions, Nacobbus
aberrans has become an important and dif-
ficult pest to control (Cristébal-Alejo et al.,
2001).

This study was carried out to extend the
search for additional native isolates of P.
chlamydosporia in order to select those with
potential as biological control agents
against N. aberrans. The project is part of
ongoing research of soil nematode com-
munities and indigenous populations of
microorganisms potentially antagonistic to
plant-parasitic nematodes. The Biosphere
Reserve of “Los Tuxtlas”, Veracruz, Mexico
was chosen because it is amongst the better
studied natural reserves in Latin America
regarding plant and animal ecology studies
(Dirzo and Garcia, 1992).

Soil samples were collected from the
buffer zone of the Biosphere Reserve of
“Los Tuxtlas” (18°10°-18°45’N, 94°42’-
95°27°'W), located in Veracruz, Mexico.
Three localities of the buffer zone of the
reserve were chosen as replicate sites, and
representative areas of four land use inten-
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sities were selected from each one: natural
forest, secondary forest, pasture and maize
fields. Eight sampling points were georefer-
enced in each land use area from each
locality, following a grid pattern with a dis-
tance between points of at least 200 m in
order to ensure that there was no depen-
dence among them. Sampling points were
positioned where grid lines crossed and
eight subsamples (each of 100 g) were
taken from each sampling point at a depth
of 10 to 30 cm, following two concentric
circles around each point. Four subsam-
ples were taken from the inner circle (3 m
diameter), and another four from the
outer circle (6 m diameter). All subsamples
from each sampling point were mixed in
plastic bags and 32 soil samples were taken
per locality making 96 samples in total.
Additional soil samples (50g) were taken
from each sampling point to determine
soil moisture, pH and organic matter,
which were analyzed at the Ecology Insti-
tute from Xalapa, Ver.

Each soil sample was mixed thoroughly
and 100 g soil subsamples were taken for
the isolation of P. chlamydosporia using stan-
dard methods and a semi-selective medium
(de Leij and Kerry, 1991). To isolate the
fungus, three 1 g aliquots were individually
added to 9 ml of 0.05% sterile Water-Agar
(WA) (dilution 10") and shaken on a vor-
tex shaker during a few seconds. From
each sample, a second dilution (10%) was
prepared and finally a 0.2 ml aliquot was
plated onto a 9 cm Petri dish containing a
semi-selective medium (de Leij and Kerry,
1991). The plates were incubated at 25°C
for 3 weeks before colonies of P. chlamy-
dosporia were detected (Hidalgo-Diaz et al.,
2000). Colonies of the fungus were picked
from each sample and cultured separately
on Potato-Agar (PA) plates (Hidalgo-Diaz
et al., 2000) to confirm identification. The
fungal isolates were identified morphologi-
cally and both varieties of P. chlamydosporia

distinguished following descriptions of the
fungus (Kerry, 1997; Zare et al., 2001).
Identifications were made in open Petri
dishes using a compound microscope
(400X) to seek the production of conidia
and dictyochlamydospores. Thirty samples
contained one or both varieties of P. chlamy-
dosporia, and one subculture of each variety
was preserved from each sample, with stor-
age at -80°C using 25% sterile glycerol as
the storage medium.

The isolates were screened to deter-
mine their potential as biological control
agents according to standardized methods
(Hidalgo-Diaz, et al., 2000). The character-
istics assessed in this study were the capac-
ity to parasitize N. aberrans eggs and the
ability to colonize the rhizosphere of
plants, as the first tests to select isolates to
be used as potential biological control
agents.

To assess the ability of each isolate to
parasitize eggs of N. aberrans, plates of PA
colonized by the fungus were washed off
using 2-5 ml of sterile distilled water and
the surface of the agar plate scraped with a
sterile glass rod to make a suspension of
the fungal material. A 0.2 ml aliquot of this
fungal suspension was then spread on a 9
cm Petri dish containing WA with antibiot-
ics and incubated at 25°C for two days
(Hidalgo-Diaz et al., 2000). Roots from 70
days-old tomato plants (Lycopersicon esculen-
tum Mill. cv. Rio Grande), infected under
glasshouse conditions with a pure popula-
tion of N. aberrans (from Tecamachalco,
Puebla, Mexico), were washed and three
hundred egg masses were picked off by
hand using fine syringes. The eggs masses
were crushed mechanically using the
syringes, to release eggs from the gelati-
nous matrix (Hidalgo-Diaz et al., 2000).
About 300 eggs were added to each plate
and incubated at 25°C for four days, after
which time the percentage of eggs parasit-
ized was estimated by counting at random
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100 eggs using a compound microscope
(400X). The test consisted of five replicates
of each isolate plus eggs of the nematode
and five plates with eggs but without the
fungus (negative control).

To assess the ability of the isolates to
colonize the rhizosphere, maize seeds were
surface-sterilized in 3.5% NaOCI for 1 min
on a mechanical shaker, washed in sterile
distilled water and transferred to Petri
dishes with sterile, damp paper and left to
germinate at 27°C for one week. Test tubes
(20 x 3cm) were filled two-thirds with ver-
miculite, moistened, closed with cotton
wool and autoclaved (Hidalgo-Diaz et al.,
2000). When cooled, three 1 cm plugs of
the fungus on PA were inserted just below
the surface of the vermiculite and two sur-
face-sterilized germinated maize seeds
placed on top of the fungus. Tubes were
incubated at 27°C in the dark for one week,
after which time the roots were shaken free
of vermiculite, cut into 1 ¢cm sections and
placed on PA plates + antibiotics (Hidalgo-
Diaz et al., 2000). After four days incuba-
tion at 27°C, root segments colonized by
the fungus were counted. There were three
replicates for each isolate.

Each experiment was repeated and
data were analyzed by ANOVA using the
Tukey test for comparisons of the means.
Statistical procedures were performed
using Statistical Analysis System (SAS) soft-
ware. Differences at (P<0.05) were consid-
ered significant. Pochonia chlamydosporia
was recovered from 30 locations; 20 sam-
ples contained only the variety chlamydospo-
ria, five samples contained only the variety
catenulata and five samples contained both.
Twelve of the thirty five isolates came from
natural forest, 13 from secondary forest, 6
from pasture and 4 from maize fields
(Table 1). All isolates from maize fields,
and all but one from pastures, were identi-
fied as P. ¢ var. chlamydosporia. Four of
twelve isolates from natural forest and five

of thirteen isolates from secondary forest
were P, ¢. var. catenulata. Both varieties of P.
chlamydosporia were found in two samples
from the natural forest and three from the
secondary forest (Table 1). The various iso-
lates of P. chlamydosporia are shown in Table
1 in relation to altitude, soil moisture, pH
and organic matter content of the soil.

There were differences in the propor-
tion of eggs parasitized by the various fun-
gal isolates (Tukey, oo = 0.01). Eight isolates
parasitized more than 80% of the eggs, six-
teen between 70-80% and eleven less than
70% (Figs. 1 and 2). Colonization of maize
roots ranged from 75-100%. Twelve isolates
colonized all root segments including two
from the natural forest, six from the sec-
ondary forest, three from pasture and one
from maize fields. Root colonization levels
between 90-99% were observed in 14 iso-
lates: seven from natural forest, four from
secondary forest, two from pasture fields
and one from maize fields. Six isolates col-
onized between 80-89% of the root seg-
ments including one from the natural
forest, three from the secondary forest and
two from the maize fields (Figs. 1 and 2).

According to Gams and Zare (2001),
and Zare et al. (2001), about six nematoph-
agous species and four varieties in the
genus Pochonia have been recorded as par-
asites of cyst and root-knot nematodes.
Pochonia chlamydosporia is the best studied
species in respect to its potential as a bio-
logical control agent of plant-parasitic
nematodes. The two varieties of P. chlamy-
dosporia found in “Los Tuxtlas”, differed in
conidial aggregation as described by Zare et
al. (2001), although the biological activi-
ties of both varieties were similar. Kerry et
al. (1993) consider that P. chlamydosporia is
not only the most common Pochonia spe-
cies, but also the most complex with varia-
tions in morphology and physiology
between both varieties and even among iso-
lates of the same variety.



Table 1. Isolates of P. chlamydosporia extracted from soils within the Biosphere Reserve of “Los Tuxtlas”, Mexico.

Geographical position

Sampling Altitude SH OM
Landuse  Locality point Pochonia chlamydosporia varieties N w (m.s.L.) (%) pH (%)
NF L1 LM22 P c. catenulata 1825’ 73" 94" 57’ 10" 255 53.33 5.17 12.48
LMO07 P. ¢. catenulata & chlamydosporia 18°25° 84" 94" 57’ 08" 264 55.47 5.29 8.26
LMO09 P c. chlamydosporia 18" 26’ 13" 94" 57 25" 246 45.94 5.83 na
LM29 P. ¢. chlamydosporia 18" 26’ 04" 94" 57 35" 324 45.55 5.47 na
L2 SF10 P, c. catenulata & chlamydosporia na na 1000 47.45 5.15 na
SF07 P. c. chlamydosporia na na 1035 60.31 4.86 6.69
SF09 P. ¢. chlamydosporia na na 980 51.24 5.18 8.71
SF05 P. ¢. chlamydosporia na na 1035 45.26 5.86 13.07
SFO1 P c. chlamydosporia 18718’ 57" 94° 53’ 45" 1060 49.93 4.27 7.53
L3 VC25 P c. catenulata 18°20° 48"  94° 45’ 55" 220 45.38 4.58 8.21
SF L1 LMO05 P. ¢. catenulata & chlamydosporia 1825’ 60" 94" 57’ 99" 316 32.10 4.98 5.45
LM17 P c. catenulata & chlamydosporia 18°26° 24" 94" 57’ 93" 230 44.45 5.29 10.67
LM16%* P c. chlamydosporia 18°26* 10" 94° 57’ 83" 238 37.59 513 na
LM18 P. c. chlamydosporia 1825’ 25" 94" 57’ 06" 278 49.14 5.01 na
SF L1 LM15 P c. chlamydosporia 18726’ 13" 94° 57’ 78" 248 49.18 5.24 7.67
L2 SF15 P. ¢. catenulata 18" 17° 45" 94" 53’ 36" 870 67.08 4.71 9.78
SF16 P c. chlamydosporia 18°17° 39" 94" 53’ 38" 830 59.70 4.65 na
SF11* P. ¢. catenulata & chlamydosporia 18716’ 83" 94" 53’ 30" 800 66.98 5.17 7.86

NF = Natural forest; SF = Secondary forest; PF = Pasture field; MF = Maize field.
L1-L3 = Localities 1-3; SH = soil humidity; OM = organic matter.

na = not available

*sampling point where Meloidogyne was present.
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Table 1. (Continued) Isolates of P. chlamydosporia extracted from soils within the Biosphere Reserve of “Los Tuxtlas”, Mexico.

Geographical position

Sampling Altitude SH OM
Land use  Locality point Pochonia chlamydosporia varieties N w (m.s.l.) (%) pH (%)
SF L2 SF19* P, c. chlamydosporia na na 1069 58.79 6.16 12.14
SF10 P, c. catenulata na na na na na na
PF L1 LM25 P, ¢. chlamydosporia 18°26° 06" 94° 57 45" 320 51.60 5.29 7.65
LMO06 P. ¢. chlamydosporia 18°25° 73" 94" 57’ 04" 302 4791 5.26 8.10
LM10 P c. chlamydosporia 18°26° 23"  94° 57’ 55" 209 49.77 5.16 8.02
LMI11 P, ¢. chlamydosporia 18°26° 21" 94° 57’ 50" 206 47.38 5.23 na
LM13 P. c. catenulata 18°26° 23"  94° 57’ 69" 191 44.17 5.28 6.38
L2 SF15% P. ¢. chlamydosporia na na na na na na
MF L1 LM36 P. ¢. chlamydosporia 18725’ 96"  94° 58’ 00" 263 36.83 5.58 na
LM34 P c. chlamydosporia 18° 26’ 05"  94° 57’ 99" 262 34.25 5.17 na
LM37 P, c. chlamydosporia 18725’ 92"  94° 58’ 02" 314 46.58 5.40 4.97
L2 SF5M P. ¢. chlamydosporia na na 990 67.26 5.60 5.88

NF = Natural forest; SF = Secondary forest; PF = Pasture field; MF = Maize field.
L1-L3 = Localities 1-3; SH = soil humidity; OM = organic matter.

na = not available

*sampling point where Meloidogyne was present.
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Fig. 1. Parasitism of N. aberrans eggs and root colonization by isolates of P. chlamydosporia from undisturbed sites: nat-
ural forest (A) and secondary forest (B). Keys framed show P. c. var. catenulataisolates. Isolates with the same key cor-
respond to the same sampling point. Numbers with similar letters are not different significantly (Tukey o< 0.01).

Our survey isolated both P ¢ var. provided the first evidence of P. ¢. var.
chlamydosporia and P. ¢. var. catenulata and  catenulata in Mexican soils. The variety
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Fig. 2. Parasitism of N. aberrans eggs and root colonization by isolates of P. chlamydosporia from disturbed sites: pas-
ture (A) and maize fields (B). Keys framed show P. c. var. catenulata isolates. Numbers with similar letters are not
different significantly (Tukey 0. < 0.01).



New records of Pochonia chlamydosporia from Mexico: Franco-Navarro et al. 141

catenulata was recovered more frequently
from undisturbed sites, than from sites used
for pasture or maize cultivation; however,
other site characteristics such as altitude,
soil pH and organic matter appeared not to
influence the frequency of either fungus.
Isolates of P. chlamydosporia from differ-
ent geographical areas can vary in their
pathogenicity to nematodes eggs, their
ability to spread on roots, and in their
chlamydospore production in laboratory
media (Bourne et al., 1994; de Leij and
Kerry, 1991; Gaspard et al.,, 1990; Hidalgo-
Diaz et al.,, 2000; Kerry, 1981; Kerry et al.,
1984; Kerry et al., 1986). Bioassays with our
isolates showed egg parasitism ranging
from 54-92%, similar to results obtained by
Hidalgo-Diaz et al. (2000). Furthermore,
our data showed that thirty two isolates col-
onized more than 80% of roots and two of
the most efficient egg parasites colonized
the roots completely including isolate
LM17 of P. c. var. catenulata from secondary
forest and isolate LM37 of P. ¢. var. chlamy-
dosporia from maize fields. Because of their
ability to colonize roots, another six iso-
lates could also be considered as potential
biological control agents of N. aberrans
including SF10, LM15, LM18, VC25, LM29
and LM13. De Leij and Kerry (1991) dem-
onstrated that it is necessary to carefully
select isolates in the development of bio-
logical control agents and Bourne et al.
(1994) found that isolates that colonize
greater than 80% of the root segments in a
standard bioassay were not effective colo-
nizers of the rhizosphere when tested in
non-sterile field soils. According to this cri-
terion, almost 50% of our isolates could be
discarded as potential biocontrol agents.
These Mexican isolates will be studied
further in order to corroborate these find-
ings and characterize them deeper by molec-
ular methods, and secondly to select the best
ones for application in integrated manage-
ment strategies against Nacobbus aberrans.
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