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ARTICLE INFO ABSTRACT

Arbuscular mycorrhizal fungi (AMF) are considered as a possible alternative for the biological control of plant-
parasitic nematodes. The false root-knot nematode Nacobbus aberrans is an endoparasite that induces the for-
mation of galls in plant roots and causes severe damage to crops of economic importance. The purpose of the
study was to evaluate the effect of the individual and combined application of two AMF species (Rhizophagus
intraradices and Funneliformis mosseae) on the tomato root penetration of N. aberrans second-stage juveniles (J2).
Forty-five days after the application of AMF, 300 J2 were inoculated per plant. Tomato roots were analyzed after
4, 8 and 12 days in order to quantify the nematodes that had invaded them. Plants inoculated with AMF pre-
sented a lower number of juveniles within the roots compared with non-mycorrhizal plants. No significant
differences were observed between the individual and combined application of AMF regarding the number of
nematode juveniles. The use of R. intraradices and F. mosseae (both individually and combined) reduced the entry
of nematodes in tomato roots. The antagonistic effect of AMF on the invasion of N. aberrans J2 is reported for the
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first time.

1. Introduction

Agricultural damage caused by plant-parasitic nematodes is esti-
mated to be 80 billion dollars annually worldwide (Nicol et al., 2011).
Nacobbus aberrans (Thorne, 1935) Thorne and Allen, 1944 is one of the
ten most relevant plant-parasitic nematodes worldwide, due to the
economic losses it causes (Jones et al., 2013). In parasitized roots, it
generates galls similar to those produced by Meloidogyne spp. (root-knot
nematode); for this reason, N. aberrans is known as “the false root-knot
nematode”. It is native to the American continent and is present in
Argentina, Bolivia, Chile, Ecuador, Mexico, Peru and the United States
(EPPO, 2011). The main crops affected by this nematode are tomato
(Solanum lycopersicum L.), pepper (Capsicum annuum L.), potato (So-
lanum tuberosum L.), sugar beet (Beta vulgaris L.) and bean (Phaseolus
vulgaris L.) (Manzanilla-Lépez et al., 2002).

Due to the growing concern about the effects of chemical pesticide
applications on the environment and human health, different alter-
natives for the control of plant-parasitic nematodes are being evaluated
(Akhtar and Siddiqui, 2008). Arbuscular mycorrhizal fungi (AMF)
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establish a symbiotic association with plants, confer them direct ben-
efits, such as an improved absorption of nutrients (mainly phosphorus),
and protect them against soil-borne pathogens (Smith and Read, 2008).
The use of AMF as biostimulants and biological control agents in hor-
ticultural crops has greatly increased in the last two decades, mostly
due to their ability to secure production and yield stability within a
sustainable environment. The AMF inoculum can be produced in
greenhouses using sterile substances, such as vermiculite, to grow host
plants; additionally, there is a particular focus in the market on pro-
ducts based on spores obtained from the roots of plants under mono-
xenic conditions (in vitro culture system) (Rouphael et al., 2015).

The application of AMF has proved to be efficient for the biological
control of plant-parasitic nematodes in the field, increasing the crop
yields (Jonathan et al., 2004; Odeyemi et al., 2010; Affokpon et al.,
2011) and in greenhouse, under controlled conditions (Gomez et al.,
2008; Zhang et al., 2008; Liu et al, 2012; Marro et al., 2014;
Schouteden et al., 2015). However, the mechanisms of antagonistic
action on these parasites remain largely unknown (Vos et al., 2012a).

The nutritional status of the plant can influence its response to the
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attack of pathogens (Harrier and Watson, 2004). Since the use of a
mixture of AMF species has been more beneficial for plant development
than single species (Albrechtova et al., 2012; Hart et al., 2015), this
may imply a greater antagonistic effect on plant-parasitic nematodes.
So far, information about the effect of the combination of two or more
AMF species on nematodes is scarce. On one side, the simultaneous
inoculation of Funneliformis mosseae (Nicolson and Gerd.) Walker and
Schiifler (ex Glomus mosseae) and Rhizophagus fasciculatus (Thaxt.)
Walker and Schiif’ler (ex G. fasciculatum) in bean plants significantly
reduced the number of cysts, eggs by cyst, as well as the final popula-
tion of Heterodera cajani Koshy, 1967, compared to the individual effect
of each of those AMF species (Pandey, 2011). On the other side, the
application of fertilizers and a mixture of AMF species from different
genera decreased the total number of M. incognita (Kofoid and White,
1919) Chitwood, 1949 in balsam (Impatiens balsamina L.); such effect
was lower when only F. coronatum (Giovann.) Walker and Schiif3ler (ex
G. coronatum) was inoculated (Banuelos et al., 2014).

Vos et al. (2012a) demonstrated the negative effect of F. mosseae on
the penetration of tomato roots by M. incognita second-stage juveniles
(J2). Even though N. aberrans induces galls in roots as Meloidogyne spp.,
its life cycle is completely different (Eves-van den Akker et al., 2014).
For that reason, the objective of this study was to evaluate the effect of
the individual and combined inoculation of two AMF species on the
penetration level of N. aberrans juveniles in pre-mycorrhized tomato
roots.

2. Materials and methods
2.1. Nematode inoculum

A population of N. aberrans from the locality of Lules (province of
Tucumén, Argentina) was used. The nematodes were multiplied on
tomato (cv. Platense) under greenhouse conditions. Egg masses were
extracted from infected roots and placed in Petri dishes containing
sterile water. They were maintained at room temperature (25 * 2 °C)
until eggs hatched. For inoculation, mobile J2 were recovered after
three days of hatching.

2.2. AMF inoculum

Rhizophagus intraradices (Schenck and Smith) Walker and Schiifler
(origin: La Plata, Culture Collection, LPS, culture Tierra del Fuego N°
28) and F. mosseae (origin: La Plata, Culture Collection, LPS, culture San
Bernardo N° 1) were propagated on leek plants (Allium porrum L.) using
a mixture of perlite, vermiculite and sterile soil (1:1:1) as a substrate.
The AMF inocula used in this experiment consisted of leek roots. They
were cut into 1-cm pieces and stained using the methodologies devel-
oped by Phillips and Hayman (1970), and Grace and Stribley (1991).
The percentage of arbuscular mycorrhizal colonization (%AMC) was
calculated according to the technique described by McGonigle et al.
(1990).

2.3. Plant material, treatments and inoculation

Tomato seeds cv. Platense were surface sterilized for 5 min in 10%
sodium hypochlorite (NaClO). They were washed with sterile water and
sown in trays containing sterile soil and sand (3:1) to promote germi-
nation. Soil physicochemical properties were as follows: organic
matter = 4.06%; organic carbon = 2.36%j; N = 0.22%j;
P = 116.7 ppm; pH = 6.6. One hundred and twenty seedlings, which
had two true leaves, were individually transplanted to pots (20-cm
long X 4-cm diameter; capacity of 190 g of soil). Before J2 inoculation,
plants were treated as follows: 1) AMF-free (control); 2) R. intraradices
(RI); 3) F. mosseae (FM); and 4) R. intraradices and F. mosseae (RI
+ FM). In general, the whole experiment was based on the metho-
dology developed by Vos et al. (2012b); however, some changes were
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made as described below. At the time of transplanting, the pot was
filled with 3/4 of the aforementioned substrate, and 0.30 g of leek roots
colonized with each AMF species were added in a layer. The%AMCs
were 83% and 68% for RI and FM, respectively. For the combined
treatment (RI + FM), 0.15 g of leek roots colonized with each fungus
species was inoculated, whereas, for the control treatment, 0.30 g of
non-colonized leek roots was added. Finally, the AMF inoculum and
tomato roots were then covered with the sterile substrate. The plants
were arranged in a completely randomized design and grown under
greenhouse conditions (24/18 °C day/night, 16/8 h day/night photo-
period, watered daily). The plants were not fertilized. After 45 days, six
plants from each treatment were randomly uprooted in order to eval-
uate the%AMC and the presence of fungal structures (arbuscules, ve-
sicles, hyphae and entry points), as mentioned above. Afterwards, at the
same time, 24 plants from each treatment were inoculated with 300 J2
contained in 2.5 ml of sterile water by making three holes near the
roots. Eight plants from each treatment were uprooted at 4, 8 and
12 days after inoculation (DAI), respectively. The roots were stained
following the technique described by Byrd et al. (1983) and they were
macerated with a blender once during 10 s (INIBAP, 1997). Maceration
of each root plant was suspended in a final volume of 40 ml and later
homogenized, and three 1.5ml aliquots were taken to quantify N.
aberrans juveniles in a counting chamber under an optical microscope.
The whole experiment was repeated twice (October-November 2014
and March-April 2015).

2.4. Data analysis

The number of N. aberrans juveniles in roots was analyzed using a
General Linear and Mixed Model; the treatments (control, RI, FM and
RI + FM), time (4, 8 and 12 DAI) and their interaction (treatment*-
time) were considered as fixed effects and the repetition as a random
effect. The best fitted model for heterogeneous variances was chosen
based on the Akaike Information Criterion and the Bayesian
Information Criterion (Zar, 1999). The Di Rienzo, Guzméan and Casa-
noves (DGC) test (p < 0.05) was carried out to compare means a pos-
teriori. The statistical analysis was performed using the software Infostat
(Di Rienzo et al., 2013) and its interface with the software R (R Core
Team, 2009).

3. Results and discussion

Plants inoculated with AMF and analyzed 45 days after trans-
planting presented arbuscules, vesicles, hyphae and entry points. The
%AMCs (mean * standard error) were as follows: RI = 32.3 + 9%j;
FM = 38 = 6%; and RI + FM = 28.5 + 9%. No mycorrhization was
observed in the control plants.

The roots of all plants inoculated with N. aberrans were parasitized.
The numbers of juveniles in root tissues increased over time for all the
four treatments (F = 120.81; p < 0.0001) (Fig. 1). In plants with RI,
FM and RI + FM, the penetration at 4, 8 and 12 DAI was significantly
lower than for the control treatment (F = 11.04;p < 0.0001), whereas
no significant differences were observed among the three AMF treat-
ments. In comparison to the control, the reduction was 20%, 26% and
27% for RI + FM, RI and FM, respectively, at 12 DAL Vos et al. (2012a)
observed that the penetration of M. incognita J2 in tomato roots pre-
mycorrhized with F. mosseae was reduced by 32% compared with AMF-
free plants. Even though the reduction in penetration of N. aberrans was
similar than that of M. incognita in plants with FM (27% vs. 32%, re-
spectively), it is important to note that there were differences in the
%CMA of the inoculum: 38% (present work) vs. 75% (Vos et al., 2012a).
These results may be explained by differences in the life cycles of the
two nematode species (Inserra et al., 1984), and/or differences between
the AMF isolates (Gianinazzi et al., 2002), among other factors.

Some of the described antagonistic effects of AMF on plant-parasitic
nematodes are the induced systemic resistance (Elsen et al., 2008) and



N. Marro et al.

1357
3

g 907
3
5
]

S 457
=

0 T T T T
4 8 12
Time (days)

®—Control —©°FM
o RI M—RI+FM

Fig. 1. Number of Nacobbus aberrans juveniles (mean value and standard error) that
penetrated at 4, 8 and 12 days after inoculation on tomato roots colonized individually or
in combination by Rhizophagus intraradices and Funneliformis mosseae.

the alteration of root metabolism, along with modified molecular
composition of secretions released (Hol and Cook, 2005; Vos et al.,
2013). The addition of root exudates (obtained from mycorrhized
plants) to tomato roots showed a negative effect on M. incognita J2
mobility in the soil, and by consequence a lower root penetration (Vos
et al., 2012b). As the root exudates guide plant-parasitic nematodes to
the host (Curtis et al., 2009), their alteration by AMFs may negatively
affect N. aberrans juveniles invasion of the roots.

Banuelos et al. (2014) applied a mixture of AMF species from dif-
ferent families (Glomeraceae, Acaulosporaceae and Gigasporaceae) of
Glomeromycota to fertilized soil and observed a significant decrease in
the number of M. incognita in balsam roots compared with plants in-
oculated with only one AMF species. In the present work, no differences
were observed between plants inoculated individually and combined
with AMF regarding the penetration of N. aberrans. This may be due to
the fact that in our study we used fungi belonging to the same func-
tional group (Glomeraceae), with similar physiological and morpholo-
gical characteristics (Chagnon et al., 2013).

There are few previous works that observed a reduction in numbers
of galls (Gardezi et al., 1995), egg masses and reproduction factor of N.
aberrans in mycorrhized tomato plants (Lax et al., 2011; Marro et al.,
2014). In those studies, only the individual effect of AMF was tested on
such parameters. The present study showed for the first time the an-
tagonistic effect of the individual and combined application of two AMF
species on the infection level of N. aberrans J2 in pre-mycorrhized host
roots. These results suggest the importance of transplanting pre-my-
corrhized tomato plants in soils infested with nematodes to reduce the
infection levels of the crop. Since N. aberrans has other infective stages
in its life cycle (third and fourth stage juveniles and immature females),
it would be important to evaluate the effect of AMF on those stages, as
well as through the development of the crop, where the plant is sub-
jected to multiple infections.

4. Conclusion

The effect of individual and combined AMF inoculation on the pe-
netration of N. aberrans J2 in host roots was evaluated for the first time.
The results showed the antagonic effect of AMF against the nematode;
plants inoculated individually with R. intraradices, F. mosseae or a
combination of both presented the same effect.

Applied Soil Ecology xxx (xxxX) XXX—XXX

Acknowledgments

This work was financially supported by the Consejo Nacional de
Investigaciones  Cientificas y Técnicas (CONICET) (PIP N°
11220150100235), Argentina. We are grateful to Msc. J. Di Rienzo for
helping with statistical analysis. Dr. M. Cabello is researcher from
Comisién de Investigaciones Cientificas Prov. Bs. As. (CICPBA).

References

Affokpon, A., Coyne, D.L., Lawouin, L., Tossou, C., Agbédé¢, R.D., Coosemans, J., 2011.
Effectiveness of native West African arbuscular mycorrhizal fungi in protecting ve-
getable crops against root-knot nematodes. Biol. Fertil. Soils 47, 207-217.

Akhtar, M.S., Siddiqui, Z.A., 2008. Arbuscular mycorrhizal fungi as potential bioprotec-
tants against plant pathogens. In: Siddiqui, Z.A., Akhtar, M.S., Futai, K. (Eds.),
Mycorrhizae: Sustainable Agriculture and Forestry. Springer, Netherlands, pp. 61-97.

Albrechtova, J., Latr, A., Nedorost, L., Pokluda, R., Posta, K., Vosatka, M., 2012. Dual
inoculation with mycorrhizal and saprotrophic fungi applicable in sustainable culti-
vation improves the yield and nutritive value of onion. Sci. World J. 1-8 ID 374091.

Banuelos, J., Alarcén, A., Larsen, J., Cruz-Sanchez, S., Trejo, D., 2014. Interactions be-
tween arbuscular mycorrhizal fungi and Meloidogyne incognita in the ornamental
plant Impatiens balsamina. J. Soil Sci. Plant Nutr. 14, 63-74.

Byrd, D.W., Kirkpatrick, J.R.T., Barker, K.R., 1983. An improved technique for clearing
and staining plant tissues for detection of nematodes. J. Nematol. 15, 142-143.

Chagnon, P., Bradley, R., Maherali, H., John, N., Klironomo, J.N., 2013. A trait-based
framework to understand life history of mycorrhizal fungi. Trends Plant Sci. 18,
484-491.

Curtis, R.H.C., Robinson, A.F., Perry, R.N., 2009. Hatch and host location. In: Perry, R.N.,
Moens, M., Starr, J.L. (Eds.), Root-knot Nematodes. CAB International, Wallingford,
pp. 139-162.

Di Rienzo, J.A., Casanoves, F., Balzarini, M.G., Gonzalez, L., Tablada, M., Robledo, C.W.,
2013. Grupo InfoStat. FCA, Universidad Nacional de Cérdoba, Argentina. http://
www.infostat.com.ar.

EPPO, 2011. PQR-EPPO Database on Quarantine Pests. available online. http://www.
eppo.int.

Elsen, A., Gervacio, D., Swennen, R., De Waele, D., 2008. AMF-induced biocontrol against
plant parasitic nematodes in Musa sp.: a systemic effect. Mycorrhiza 18, 251-256.

Eves-van den Akker, S., Lilley, C.J., Danchin, E.G.J., Rancurel, C., Cock, P.J.A., Urwin,
P.E., Jones, J.T., 2014. The transcriptome of Nacobbus aberrans reveals insights into
the evolution of sedentary endoparasitism in plant-parasitic nematodes. Genome Biol.
Evol. 6, 2181-2194.

Gomez, L., Rodriguez, M.G., De la Noval, B., Miranda, I., Herndndez, M.A., 2008.
Interaccién entre el Ecomic” y una poblacién cubana de Meloidogyne incognita en
tomate. Rev. Proteccién Veg. 23, 90-98.

Gardezi, A.K., Zavaleta-Mejia, E., Garcia, R., Ferrera, C.R., Perez, C.A., 1995. Efecto de
endomicorrizas sobre la infeccion de Nacobbus aberrans en jitomate (Lycopersicon
esculentum). In: Memorias XXII Congreso Nacional de Fitopatologia. Guadalajara.

Gianinazzi, S., Schiiepp, H., Barea, J.M., Haselwandter, K., 2002. Mycorrhizal Technology
in Agriculture. Springer, Birkh&user.

Grace, C., Stribley, D.P., 1991. A safer procedure for routine staining of vesicular-ar-
buscular mycorrhizal fungi. Mycol. Res. 95, 1160-1162.

Harrier, L.A., Watson, C.A., 2004. The potential role of arbuscular mycorrhizal (AM) fungi
in the bioprotection of plants against soil-borne pathogens in organic and/or other
sustainable farming systems. Pest Manag. Sci. 60, 149-157.

Hart, M., Ehret, D.L., Krumbein, A., Leung, C., Murch, S., Turi, C., Franken, P., 2015.
Inoculation with arbuscular mycorrhizal fungi improves the nutritional value of to-
matoes. Mycorrhiza 25, 359-376.

Hol, G.H.W., Cook, R., 2005. An overview of arbuscular mycorrhizal fungi-nematode
interactions. Basic Appl. Ecol. 6, 489-503.

INIBAP, 1997. In: Speijer, P.R., DeWaele, D. (Eds.), INIBAP Technical Guidelines. 1.
Screening of Musa Germplasm for Resistance and Tolerance to Nematodes.
International Network for the Improvement of Banana and Plantain, Montpellier.

Inserra, R.N., Griffin, G.D., Vovlas, N., Anderson, J.L., Kerr, E.D., 1984. Relationship
between Heterodera schachtii, Meloidogyne hapla, and Nacobbus aberrans on sugarbeet.
J. Nematol. 16, 135-140.

Jonathan, E.I, Cannayane, 1., Samiyappan, R., 2004. Field application of biocontrol
agents for the management of spiral nematode, Helicotylenchus multicinctus, in ba-
nana. Nematol. Mediterr. 32, 169-173.

Jones, J.T., Haegeman, A., Danchin, E.G., Gaur, H.S., Helder, J., Jones, M.G., Kikuchi, T.,
Manzanilla-Lépez, R., Palomares-Rius, J.E., Wesemael, W.M., Perry, R.N., 2013. Top
10 plant-parasitic nematodes in molecular plant pathology. Mol. Plant Pathol. 14,
946-961.

Lax, P., Becerra, A.G., Soteras, F., Cabello, M., Doucet, M.E., 2011. Effect of the arbuscular
mycorrhizal fungus Glomus intraradices on the false root-knot nematode Nacobbus
aberrans in tomato plants. Biol. Fertil. Soils 47, 591-597.

Liu, R., Dai, M., Wu, X, Li, M., Liu, X., 2012. Suppression of the root-knot nematode
[Meloidogyne incognita (Kofoid & White) Chitwood] on tomato by dual inoculation
with arbuscular mycorrhizal fungi and plant growth-promoting rhizobacteria.
Mycorrhiza 22, 289-296.

Manzanilla-Lépez, R.H., Costilla, M.A., Doucet, M., Franco, J., Inserra, R.N., Lehman, P.S.,
Cid del Prado-Vera, 1., Souza, R.M., Evans, K., 2002. The genus Nacobbus Thorne &
Allen, 1944 (Nematoda: pratylenchidae): systematics, distribution, biology and
management. Nematropica 32, 149-227.


http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0005
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0005
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0005
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0010
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0010
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0010
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0015
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0015
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0015
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0020
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0020
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0020
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0025
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0025
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0030
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0030
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0030
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0035
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0035
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0035
http://www.infostat.com.ar
http://www.infostat.com.ar
http://www.eppo.int
http://www.eppo.int
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0050
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0050
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0055
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0055
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0055
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0055
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0060
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0060
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0060
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0065
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0065
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0065
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0070
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0070
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0075
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0075
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0080
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0080
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0080
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0085
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0085
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0085
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0090
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0090
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0095
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0095
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0095
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0100
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0100
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0100
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0105
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0105
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0105
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0110
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0110
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0110
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0110
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0115
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0115
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0115
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0120
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0120
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0120
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0120
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0125
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0125
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0125
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0125

N. Marro et al.

Marro, N., Lax, P., Doucet, M.E., Cabello, M., Becerra, A., 2014. Use of the arbuscular
mycorrhizal fungus Glomus intraradices as biological control agent of the nematode
Nacobbus aberrans parasitizing tomato. Braz. Arch. Biol. Technol. 57, 668-674.

McGonigle, T.P., Miller, M.H., Evans, D.G., Fairchild, G.L., Swan, J.A., 1990. A new
method which gives an objective measure of colonization of roots by vesicular-ar-
buscular mycorrhizal fungi. New Phytol. 115, 495-501.

Nicol, J.M., Turner, S.J., Coyne, D.L., den Nijs, L., Hockland, S., Maafi, Z.T., 2011. Current
nematode threats to world agriculture. In: Jones, J.T., Gheysen, G., Fenoll, C. (Eds.),
Genomics and Molecular Genetics of Plant-nematode Interactions. Springer, London
and New York, pp. 21-44.

Odeyemi, L.S., Afolami, S.O., Daramola, F.Y., 2010. Screen house and field investigations
of arbuscular mycorrhiza and organic fertilizer for the control of the root-knot ne-
matode, Meloidogyne incognita infecting cowpea in south western, Nigeria. J. Agric.
Sci. Environ. 10, 42-52.

Pandey, S., 2011. Can VAM occurring in the rhizosphere of cowpea be a source of natural
antagonist to Heterodera cajani population? Indian J. Fundam. Appl. Life Sci. 1,
51-58.

Phillips, J.M., Hayman, D.S., 1970. Improved procedures for clearing roots and staining
parasitic and vesicular arbuscular mycorrhizal fungi for rapid assessment of infection.
Trans. Br. Mycol. Soc. 55, 158-161.

R Core Team, 2009. R: A language and environment for statistical computing. R
Foundation for Statistical Computing, Vienna. http://www.R-project.org.

Applied Soil Ecology xxx (xxxX) XXX—XXX

Rouphael, Y., Franken, P., Schneider, C., Schwarz, D., Giovannetti, M., Agnolucci, M., De
Pascale, S., Bonini, P., Colla, G., 2015. Arbuscular mycorrhizal fungi act as biosti-
mulants in horticultural crops. Sci. Hortic. 196, 91-108.

Schouteden, N., Waele, D.D., Panis, B., Vos, C.M., 2015. Arbuscular mycorrhizal fungi for
the biocontrol of plant-parasitic nematodes: a review of the mechanisms involved.
Front. Microbiol. 6, 1-12.

Smith, S.E., Read, D.J., 2008. Mycorrhizal Symbiosis. Academic Press, New York.

Vos, C., Greerinckx, K., Mlkandawire, R., Panis, B., De Waele, D., Elsen, A., 2012a.
Arbuscular mycorrhizal fungi affect both penetration and further life stage devel-
opment of root-knot nematodes in tomato. Mycorrhiza 22, 157-163.

Vos, C., Claerhout, S., Mkandawire, R., Panis, B., De Waele, D., Elsen, A., 2012b.
Arbuscular mycorrhizal fungi reduce root-knot nematode penetration through altered
root exudation of their host. Plant Soil 354, 335-345.

Vos, C., Schouteden, N., van Tuinen, D., Chatagnier, O., Elsen, A., De Waele, D., Panis, B.,
Gianinazzi-Pearson, V., 2013. Mycorrhiza-induced resistance against the root-knot
nematode Meloidogyne incognita involves priming of defense gene responses in to-
mato. Soil Biol. Biochem. 60, 45-54.

Zar, J.H., 1999. Biostatistical Analysis, 4th edition. Prentice Hill, New Jersey.

Zhang, L., Zhang, J., Christie, P., Li, X., 2008. Pre-inoculation with arbuscular mycor-
rhizal fungi suppresses root knot nematode (Meloidogyne incognita) on cucumber
(Cucumis sativus). Biol. Fertil. Soils 45, 205-211.


http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0130
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0130
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0130
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0135
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0135
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0135
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0140
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0140
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0140
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0140
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0145
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0145
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0145
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0145
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0150
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0150
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0150
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0155
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0155
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0155
http://www.R-project.org
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0165
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0165
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0165
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0170
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0170
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0170
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0175
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0180
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0180
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0180
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0185
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0185
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0185
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0190
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0190
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0190
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0190
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0195
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0200
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0200
http://refhub.elsevier.com/S0929-1393(17)31057-0/sbref0200

	Mycorrhizas reduce tomato root penetration by false root-knot nematode Nacobbus aberrans
	Introduction
	Materials and methods
	Nematode inoculum
	AMF inoculum
	Plant material, treatments and inoculation
	Data analysis

	Results and discussion
	Conclusion
	Acknowledgments
	References




