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Protection of olive planting stocks against parasitism of
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The effects were investigated, under controlled conditions, of single and joint inoculation of olive planting stocks cvs
Arbequina and Picual with the arbuscular mycorrhizal fungi (AMF) Glomus intraradices, Glomus mosseae or Glomus
viscosum, and the root-knot nematodes Meloidogyne incognita and Meloidogyne javanica, on plant performance and
nematode infection. Establishment of the fungal symbiosis significantly increased growth of olive plants by 88-9% within
a range of 11:9-214-0%, irrespective of olive cultivar, plant age and infection by M. incognita or M. javanica. In plants
free from AME infection by Meloidogyne spp. significantly reduced the plant main stem diameter by 22-8-38:6%, irre-
spective of cultivar and plant age. Establishment of AMF in olive plants significantly reduced severity of root galling
by 6:3-36:8% as well as reproduction of both Meloidogyne spp. by 11:8-35-7%, indicating a protective effect against
parasitism by root-knot nematodes. Infection by the nematodes influenced root colonization by AME, but the net effect
depended on the AMF isolate—olive cultivar combination. It is concluded that prior inoculation of olive plants with AMF
may contribute to improving the health status and vigour of cvs Arbequina and Picual planting stocks during nursery
propagation.
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plant-parasitic nematodes may impair growth of olive

Introduction planting stocks. Plant-parasitic nematodes associated with

Olive (Olea europaea) is grown extensively in the
Mediterranean Basin, the subtropical regions of Australia,
southern Africa, and North and South America. However,
about 90% of 8 million ha of olive grown worldwide
are located in Mediterranean countries (FAO, 2004), of
which more than 1-3 million ha are found in Andalusia,
southern Spain (Barranco, 2004).

Much of the increase of olive acreage in Andalusia dur-
ing the past decade was mediated by the use of self-rooted
planting stocks for the establishment of new orchards
(Caballero & Del Rio, 2004). Therefore factors influenc-
ing the health of olive planting stocks are of utmost
importance for the olive industry in Spain. Infection by
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olive planting stocks in olive nurseries and olive orchards
include root-knot (Meloidogyne spp.) and root-lesion
(Pratylenchus spp.) nematodes (Lamberti & Baines, 1969;
Nico et al., 2002). Root-knot nematodes damage many
crops, mainly by reducing plant growth and crop yield,
causing serious losses to numerous agricultural crops
worldwide (Sasser & Freckman, 1987). Meloidogyne are-
naria, Meloidogyne incognita and Meloidogyne javanica
have been reported to significantly reduce growth of olive
planting stocks (Lamberti & Baines, 1969; Sasanelli et al.,
2002; Nico et al., 2003).

Current emphasis in low input-based agrotechnology
for crop production systems has stimulated the study and
management of microbial interactions in the rhizosphere
(Barea et al., 2002). In the particular case of modern
olive production in the Mediterranean Basin, emerging
technologies include the use of inoculants of arbuscular
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mycorrhizal fungi (AMF) as bioprotectors, phytostimulators
or biofertilizers during the nursery production of quality
olive planting stocks, among other approaches (Calvente
et al.,2004). These fungi establish an obligate mutualistic
symbiosis with many plant species that is considered
beneficial to the plant because of the increased uptake of
phosphorus and other scarcely mobile nutrients by myc-
orrhizal plants; other benefits include the improved resist-
ance to biotic (Azcon-Aguilar & Barea, 1996) and abiotic
stresses (Ruiz-Lozano, 2003) that AMF confer to plants.

Most studies on the interactions between AMF and
plant parasitic nematodes reported that root colonization
by AMF increases tolerance of the host plant to Meloido-
gyne species, such as that of tomato and white clover to
Meloidogyne hapla (Cooper & Grandison, 1986); peanut
to M. arenaria (Carling et al., 1996); banana to M. incognita
(Jaizme-Vega et al., 1997); and Prunus rootstocks to
M. javanica (Calvet et al., 2001). In contrast, a few studies
reported that AMF failed to protect host plants against
deleterious effects caused by root-knot nematodes, for
example M. hapla on onion (MacGuidwin et al., 1985);
M. incognita on soybean (Carling et al., 1989); and
M. arenaria on grape (Atilano et al., 1981).

Olive trees grown under natural conditions are highly
mycotrophic, as the establishment of mycorrhizal associ-
ations favours their development (Rolddn-Fajardo &
Barea, 1985). Therefore it is likely that early mycorrhizal
establishment in olive plants by inoculation of planting
stocks during nursery propagation will be beneficial. Inoc-
ulation of olive planting stocks with AMF revealed signi-
ficant increases in plant growth, precocity, production
and tolerance to salinity (Rolddn-Fajardo & Barea, 1985;
Rinaldelli & Mancuso, 1996; Calvente et al., 2004), even
in long-term field experiments (Estatin et al., 2003). How-
ever, there was no information available about the role
of AMF in protecting olive plants against root-knot
nematodes. The objectives of this research were: (i) to
determine the protective effect of AMF on growth of olive
planting stocks inoculated with Meloidogyne spp.; and
(ii) to determine whether severity of root galling caused
by Meloidogyne spp. as well as nematode reproduction in
olive can be reduced by AMF colonization.

Materials and methods

Nematode isolates

Two isolates of root-knot nematodes, M. incognita race 1
and M. javanica, were used in this study. These isolates
were obtained from olive planting stocks collected in
commercial nurseries at Cérdoba and Seville provinces
(Andalusia) (Nico et al., 2003). To establish and maintain
cultures of Meloidogyne spp., nematode isolates were
increased on tomato plants (Lycopersicon esculentum cv.
Roma) starting from a single egg mass (Nico et al., 2003).
Inocula for experiments were obtained by extracting eggs
and second-stage juveniles ( J,) from 2-month-old cultures
using 1% sodium hypochlorite (Hussey & Barker, 1973)
followed by centrifugal flotation (Coolen, 1979).

AMTF isolates

Two experiments were carried out. Isolates of three AMF
were used for experiment I: Glomus mosseae, G. intraradices
and G. viscosum. These isolates are registered in the
International Bank of Glomeromycota as BEG 119, BEG
123 and BEG 126, respectively. Glomus intraradices and
G. viscosum were isolated from rhizosphere soil sampled
from long-term established olive orchards (Calvente et al.,
2004). Inocula were produced in the greenhouses at the
Estacion Experimental del Zaidin (Granada) using clover
(Trifolium repens) and leek (Allium porrum) as host plants,
and a vermiculite/sepiolite mixture (1 : 1, vol : vol) as
substrate. Inocula consisted of rhizospheric soil containing
spores, hyphae and mycorrhizal root fragments. The con-
centration of AMF inocula was adjusted to provide c. 375
AMEF propagules per inoculated plant. The concentration
of inocula was determined by a dilution-series technique
(Sieverding, 1991) and further calculation of the most
probable number of propagules of the mycorrhizal fungus.

A second experiment was designed to determine the
effects of two different isolates of the AMF species
(G. intraradices, BEG 72 and G. mosseae, BEG 116) studied
previously on growth of olive cv. Arbequina of two ages
during nursery propagation. AMF used in experiment II
were grown on leek-host plants at the Institut de Recerca
i Tecnologia Agroalimentaries, Cabrils, Barcelona, under
controlled conditions in the greenhouse using an auto-
claved sandy soil as potting substrate. The rhizosphere
soil from the potted leek plants was thoroughly mixed and
used as inoculum for olive planting stocks. The final con-
centration of mycorrhizal propagules in the mixture was
determined as before and consisted of 400 + 50 spores
of G. intraradices and 18 sporocarps of G. mosseae in
10 g soil.

Plant material

For experiment I, 4-month-old planting stocks of olive cvs
Arbequina and Picual were self-propagated by rooting
leafy stem cuttings under mist tunnels. This procedure
facilitates the rapid production of homogeneous plants
suitable for the experiments (Caballero & Del Rio, 2004).
For experiment II, 4- and 7-month-old cv. Arbequina
planting stocks, kindly provided by Agromillora Catalana
S.A. (Barcelona, Spain), were used. These plants also were
self-propagated by rooting leafy stem cuttings under mist
conditions in plastic tunnels, and are representative of
commercial planting stock used by olive growers in Spain.
In experiment I, 1-month-old, own-rooted stem cuttings
with incipient root growth were selected for uniformity
and transplanted into an autoclaved (121°C, 1 h, twice)
soil mixture (sand/clay loam, 2 : 1, v/v) in 5:72 X 5-72-cm
jiffy peat pots (Novosel). At transplanting, plants were
inoculated with ¢. 15 g of the corresponding AMF by
placing the inoculum substrate below the incipient root
system. Nonmycorrhizal controls received the same amount
of sterile inoculum substrate, which was supplemented
with an AMF-free filtrate (<20 um) from a mixture of the

Plant Pathology (2006) 55, 705-713



Mycorrhizal protection of olive against Meloidogyne spp. 707

AMEF inocula to provide plants with the microbial popu-
lations accompanying the mycorrhizal fungi. In experi-
ment II, olive planting stocks were inoculated with 5 g per
plant of the inocula mentioned above, according to the
treatment. The inoculum substrate was placed below a
plant root system when plants were transplanted to
400-mL plastic containers filled with a pasteurized potting
mixture (sandy soil-quartz/sand-sphagnum peat, 1 : 1,
v/v). Noninoculated plants served as controls. Control
plants received 5 g of the mycorrhizal substratum free of
AMF inocula. Mycorrhizal and nonmycorrhizal control
plants were maintained in the greenhouse at 20-26°C for
3 months, after which other treatments in the experiments
were imposed.

Growing conditions

After nematode inoculations, experiments I and II were
conducted in a growth chamber adjusted to 25 £+ 1°C,
60-90% RH, and a 14-h photoperiod of fluorescent light
at 360+ 25 yE m™ s™. These environmental conditions
are optimal for growth of olive planting stocks as well
as for the development and reproduction of root-knot
nematodes in olive roots (Nico et al., 2003).

Experiment [ was performed to determine the influence
of prior mycorrhizal establishment by different AMF on
the growth of olive plants as well as on parasitism and
reproduction of root-knot nematodes in the plant. For that
purpose, 4-month-old mycorrhizal and nonmycorrhizal
planting stocks of cvs Arbequina and Picual were trans-
ferred to 15-cm-diameter clay pots (one plant per pot)
filled with 0-5 L of an autoclaved soil mixture (sand/clay
loam, 2 : 1, v/v). Mycorrhizal and nonmycorrhizal plants
were inoculated by adding the nematode inocula (15 000
eggs + J, of each nematode isolate), suspended in 10 mL
sterile distilled water, directly onto the root ball of a plant
at transplanting. Sterile distilled water (10 mL) alone was
used in the control treatments. Potted plants were watered
as needed and fertilized weekly with a Hoagland’s
modified solution (Hoagland & Arnon, 1950): PO,H,K
concentration was diluted fourfold to avoid P-mediated
inhibition of mycorrhizal colonization by P, and 20 ug mL™
of a commercial iron chelate (Sequestrene 138 Fe G 100,
Ciba-Geigy) was added to prevent typical olive chlorosis.
The experiment consisted of a factorial treatment design
comprised of two olive cultivars, three Meloidogyne iso-
lates and four AME, making 12 inoculation treatments
per cultivar (Tables 1 and 3). Each treatment was replicated
20 times in a completely randomized design, each replicate
consisting of a single potted plant. The experiment was
terminated 120 days after inoculation with the nematodes.

Experiment II aimed to determine whether or not the
age of planting stock would have an effect on the influence
of AMF on growth of olive cv. Arbequina, as well as on
parasitism and reproduction of root-knot nematodes in
mycorhizal and nonmycorrhizal plants. For that purpose,
mycorrhizal and nonmycorrhizal 4- and 7-month-old cv.
Arbequina planting stocks were inoculated with M. incognita
race 1 and M. javanica at transplanting, and incubated as
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described for experiment 1. The inoculation procedure
was as described above for experiment I together with
water-treated control plants. The experiment was a facto-
rial design including: two ages for planting stocks, three
Meloidogyne isolates and three AMF isolates, making
nine inoculation treatments per cultivar (Tables 2 and 4).
Treatments were replicated 20 times in a completely ran-
domized design, each replicate consisting of a single potted
plant. The experiment ended 120 days after inoculation
with the nematodes.

Assessment of variables and data analysis

Plant growth, severity of root galling and nematode repro-
duction were determined at the end of experiments I and
II. The effect of treatments on plant growth was assessed
by shoot dry weight and root fresh weight, shoot height,
main stem diameter, and number of nodes of individual
plants in inoculated and control plants. The three latter
parameters were measured both at the time of nematode
inoculation and at the end of the experiments, and growth
was referred to as net increase during the experiments.
Before assessment of root weight, the root system of a
plant was gently washed free of adhering soil and debris,
and the severity of root galling was assessed on a 1-6 rat-
ing scale according to the number of root galls developed
(1 =nogalls;2 = 1-10; 2 = 11-20; 3 = 21-40; 4 = 41-70;
5 =71-90; 6 > 91 galls; Marull & Pinochet, 1991). Root
samples of 1 or 3 g per plant for experiments I and II,
respectively, were cleared and stained using the procedure
described by Phillips & Hayman (1970) and modified by
Koske & Gemma (1989), and the extent of AMF coloni-
zation was assessed using the grid-line intersect method
(Giovannetti & Mosse, 1980).

The nematode population in soil and roots was also
assessed for each replicated plant at the end of the exper-
iments. Nematodes were extracted from 100-cm’® samples
of soil by centrifugal flotation (Coolen, 1979). Soil was
washed thoroughly with tap water through a 710-um
mesh sieve and the filtered water was collected in a beaker
and thoroughly mixed with 4% kaolin (v/v). This mixture
was centrifuged at 1100 g for 4 min, then the superna-
tants were discarded, pellets were resuspended in 250 mL
MgSO, (6 = 1-16) and the new suspensions were centri-
fuged at 1100 g for 3 min. Supernatants were sieved
through 5 um mesh, and nematodes collected on the sieve
were washed with tap water, transferred to Petri dishes
and counted under a stereomicroscope (Coolen, 1979).
To assess nematode population density in roots, the
complete root system of a plant was washed free of soil
and cut into 1-2-cm segments, and nematodes were
extracted from a 2-g sample by maceration followed by
centrifugation. Root tissues were homogenized in 250 mL
of a 1% solution of NaOCI using a Waring blender at
1800 g for 1 min, and homogenates were centrifuged and
extracted as described above (Coolen, 1979). Population
densities were used to calculate the reproduction index
(R; = final population density divided by initial popula-
tion density).
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Data on plant growth parameters, nematode galling
and reproduction, as well as percentage of AMF coloniza-
tion, were subjected to ANOVA. Before analysis, percentage
data were normalized by transforming them to arcsines
(Y/100)"?, and those corresponding to nematode counts
were transformed to log,(X + 1) (Gomez & Gomez,
1984). ANovas were carried out using STATISTIX 8-0 (NH
Analytical Software, Roseville, MN, USA). Orthogonal
single degree of freedom contrasts were computed to test
the effects of selected experimental treatment combinations
(Gomez & Gomez, 1984).

Results

Sixty-eight and 82% of the root system of olive planting
stocks cvs Arbequina and Picual were colonized by the
AMF in experiments I and II, respectively. In nematode-
free plants, root colonization by mycorrhizal fungi was
not significantly influenced (P = 0-05) by fungal species,
irrespective of the olive cultivar (Table 1) and age of
cv. Arbequina plants (Table 2). Infection by nematodes
significantly influenced (P < 0-05) root colonization of cv.
Arbequina plants by AMF (Tables 1 and 2), but did not
influence mycorrhizal colonization of the root system in

cv. Picual (Table 1). However, the pattern of that influence
varied within the AMF species and isolate. Thus root
colonization of the 4-month-old cv. Arbequina plants by
G. intraradices BEG 123 and G. viscosum BEG 126 was
significantly reduced (c. 10 and 12%, respectively) by
nematode infection in experiment I (Table 1), but the
same infection significantly increased root colonization of
4-and 7-month-old cv. Arbequina plants by G. intraradices
BEG 72 (c. 13 and 17%, respectively) in experiment II
(Table 2). Conversely, colonization by G. mosseae BEG
119 in experiment I or by G. mosseae BEG 116 in experi-
ment Il was not significantly influenced by nematode
infection.

In experiment L, severity of root galling by M. incognita
race 1 in 4-month-old plants of cvs Arbequina and
Picual averaged 3-8 and 2-9, respectively, while galling of
M. javanica-infected plants was 3:9 and 3-2. Similarly,
galling by the nematodes in 4- and 7-month-old cv. Arbe-
quina plants in experiment II reached an average of
3-4 and 2.7 for M. incognita race 1, and 3-7 and 29 for
M. javanica. The reproduction rate (R;) of the nematode
ranged from 0-9 to 1:7 in cvs Arbequina and Picual in the
two experiments. In nonmycorrhizal olive plants, neither
the olive cultivar, nor the age of cv. Arbequina plants, nor

Table 1 Reproduction of Meloidogyne spp. and mycorrhizal root colonization by Glomus spp., alone and in combination in olive cvs Arbequina and
Picual planting stocks 7 months after inoculation with the arbuscular mycorrhizal fungi (AMF) and 4 months after inoculation with the nematode

cv. Arbequina cv. Picual

Treatment
Inoculation treatment number AMF (%)? RGS® R AMF (%) RGS R
Noninoculated control 0 0-0 10 - - 10 -
M. incognita 1 0-0 38 1-6 - 2:9 1-4
M. javanica 2 0-0 39 17 - 32 1-5
G. intraradices (BEG 123) 3 782 10 - 732 1-0 -
M. incognita + Gi (BEG 123) 4 751 2:4 1-2 58-7 2:3 1-0
M. javanica + Gi (BEG 123) 5 65-0 2:9 15 684 28 1-2
G. mosseae (BEG 119) 6 815 1-0 - 628 1-0 -
M. incognita + Gm (BEG 119) 7 69-1 26 11 61-3 25 09
M. javanica + Gm (BEG 119) 8 56-5 2:9 14 580 30 10
G. viscosum (BEG 126) 9 828 1-0 - 61-3 1-0 -
M. incognita + Gv (BEG 126) 10 753 2:6 11 733 25 09
M. javanica + Gv (BEG 126) 11 70-5 2:8 1-3 551 30 11
Contrasts (P)
1vs. 2 - ns ns - ns ns
1vs. 4,7,10 - <0-001 <0-001 - <0-001 <0-001
2vs. 5,8, 11 - <0-001 <0-001 - 0-004 <0-001
3vs. 6 ns - - ns - -
3vs. 9 ns - - ns - -
6vs. 9 ns - - ns - -
3vs. 4,5 <0-001 - - ns - -
6vs. 7,8 ns - - ns - -
9vs. 10, 11 0-047 - - ns - -

“Percentage of AMF colonization was assessed using the grid-line intersect method (Giovannetti & Mosse, 1980).

PSeverity of root galling (RGS) was rated on a 1-6 scale: 1 = no galls; 2 = 1-10; 2 = 11-20; 3 = 21-40; 4 = 41-70; 5 = 71-90; 6 > 91 galls.
°R; (nematode reproduction rate) = P, (final nematode population per plant)/P., (initial nematode inoculum per plant).

9Orthogonal single-degree of freedom contrast of treatments. Probability for the ¢ statistic of linear single-degree of freedom contrasts;

ns = nonsignificant (P = 0-05).
¢~ = not tested.
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Table 2 Reproduction of Meloidogyne spp. and mycorrhizal root colonization by Glomus spp., alone and in combination in olive cv. Arbequina
planting stocks 7 and 10 months after inoculation with AMF and 4 and 7 months after inoculation with 15 000 eggs and J,s per plant

cv. Arbequina 4-month-old

cv. Arbequina 7-month-old

Treatment
Inoculation treatment number AMF (%)? RGS? R° AMF (%) RGS R
Noninoculated control 0 0:0 10 - - 1-0 -
M. incognita 1 0-0 34 1-5 - 2:7 13
M. javanica 2 0-0 37 17 - 2:9 1-4
G. intraradices (BEG 72) 3 834 1-0 - 792 1-0 -
M. incognita + Gi (BEG 72) 4 94-6 23 11 94-4 2:3 09
M. javanica + Gi (BEG 72) 5 936 27 1-2 91-4 2:6 1-0
G. mosseae (BEG 116) 6 78:0 1-0 - 712 1-0 -
M. incognita + Gm (BEG 116) 7 80-0 2:4 1-2 76-2 2:3 10
M. javanica + Gm (BEG 116) 8 78-2 27 1-3 71-8 2:6 1-0
Contrasts (P)
1vs. 2 - ns ns - ns ns
1vs. 4,7 - <0-001 <0-001 - 0-001 <0-001
2vs. 5,8 - <0-001 <0-001 - 0-019 <0-001
3vs. 6 ns - - ns - -
3vs. 4,5 0-004 - - 0-042 - -
6vs.7,8 ns - - ns - -

“Percentage of AMF colonization was assessed using the grid-line intersect method (Giovannetti & Mosse, 1980).

®Severity of root galling (RGS) was rated on a 1-6 scale: 1 = no galls; 2 = 1-10; 2 = 11-20; 3 = 21-40; 4 = 41-70; 5 = 71-90; 6 > 91 galls.
°R, (nematode reproduction rate) = P, (final nematode population per plant)/P, (initial nematode inoculum per plant).

“Orthogonal single-degree of freedom contrast of treatments. Probability for the ¢ statistic of linear single-degree of freedom contrasts;

ns = nonsignificant (P = 0-05).
¢~ = not tested.

root-knot nematode species influenced (P = 0-05) the
severity of root galling and nematode reproduction
(Tables 1 and 2). However, both root galling and nematode
reproduction were significantly reduced in mycorrhizal
plants (P < 0-05) compared with those in nonmycorrhizal
plants infected by nematodes, irrespective of the olive
cultivar and age of cv. Arbequina plants (Tables 1 and 2).

Disease symptoms on above-ground plant parts were
not observed on mycorrhizal and nonmycorrhizal olive
plants infected by root-knot nematodes or on water-treated
control plants, irrespective of olive cultivar and age of cv.
Arbequina plants. However, growth of both cultivars in
experiment I determined by shoot DW and root FW, as
well as relative growth (expressed as relative increase
referred to the initial measure of the growth parameter
determined at the time of nematode inoculation) of shoot
height, main stem diameter and number of nodes, was sig-
nificantly influenced (P < 0-05) by cultivar, inoculation
treatment and cultivar X inoculation treatment interac-
tion (Table 3). Similarly, growth of cv. Arbequina in
experiment II was significantly influenced (P < 0-05) by
plant age, inoculation treatment and their interaction
(Table 4).

In nematode-free planting stocks, growth of 4-month-
old plants of both cultivars (experiment I) and of 4- and
7-month-old plants of olive cv. Arbequina (experiment II)
was significantly higher (P < 0-05) for mycorrhizal com-
pared with nonmycorrhizal plants, as indicated by all
growth parameters and both cultivars (Table 3) and age of
cv. Arbequina plants (Table 4). In general, the infection by
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Meloidogyne spp. did not influence growth of olive plant-
ing stocks in experiments I and II (Tables 3 and 4), except
for a significant reduction (P < 0-05) of the plant main
stem diameter of nonmycorrhizal plants compared with
that of nematode-free plants in cvs Arbequina and Picual
(Table 3) and different ages of cv. Arbequina (Table 4).
However, there were no statistically significant differences
between nonmycorrhizal plants infected and uninfected
by Meloidogyne for shoot DW and root FW, nor for the
relative increase in shoot height and number of nodes,
irrespective of cultivar (Table 3) and age of cv. Arbequina
plants (Table 4).

In nematode-infected olive planting stocks, growth of
4-month-old plants of both cultivars (experiment I), and
that of 4- and 7-month-old plants of cv. Arbequina (exper-
iment II), was significantly higher (P < 0-05) for mycor-
rhizal than for nonmycorrhizal plants, as indicated by
all growth parameters irrespective of cultivar and age
(Tables 3 and 4). Exceptions to these results were shoot
height in 4-month-old cv. Arbequina infected by either of
the two Meloidogyne species; root FW and shoot height
of cv. Picual plants infected by M. javanica (Table 3); root
FW in 4- and 7-month-old olive cv. Arbequina; and
number of nodes in cv. Picual plants infected by either
Meloidogyne species (Tables 3 and 4).

Discussion

Establishment of AMF in plant root systems is considered
a biological means of protection against plant diseases
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Table 3 Plant growth of olive planting stocks cvs Arbequina and Picual 7 months after inoculation with the arbuscular mycorrhizal fungi (Glomus
spp.) and 4 months after inoculation with Meloidogyne spp.

cv. Arbequina cv. Picual
Growth increase® Growth increase
Shoot  Main stem Shoot  Main stem
Treatment Shoot  Root height diameter =~ Number Shoot Root height diameter ~ Number
Inoculation treatment® number DW(g) FW(g) (cm) (cm) of nodes DW(g) FW(g) (cm) (cm) of nodes
Noninoculated control 0 347 356 24-62 114 13-25 312 342 1939 071 1250
M. incognita 1 301 348 24-01 072 12:70 2:94 335 1925 045 12:65
M. javanica 2 326 355 24-65 0-70 13-20 3:08 351 20-81 043 12:35
G. intraradices (BEG 123) 3 381 457 3162 1-35 1575 4-40 434 2642 095 15-20
M. incognita + Gi (BEG 123) 4 375 402 27-63 1-22 14-50 370 4-04 22:22 085 14-45
M. javanica + Gi (BEG 123) 5 384 394 25:53 115 14-35 4-42 4-09 22:50 079 14-55
G. mosseae (BEG 119) 6 420 419 32:26 1-46 1570 354 4-31 24-02 097 16-30
M. incognita + Gm (BEG 119) 7 448 408 30-38 1-20 14-85 333 404 2297 074 13:30
M. javanica + Gm (BEG 119) 8 451 395 30-44 1-21 15-55 315 388 2158 074 1315
G. viscosum (BEG 126) 9 4-45 409 33-:04 1-42 1570 341 4-23 24-93 099 14-60
M. incognita + Gv (BEG 126) 10 378 401 2579 111 14-70 3-82 3:82 2322 066 13:25
M. javanica + Gv(BEG 126) 11 453 403 29-29 110 15-20 410 394 2170 086 14-35
Contrasts (P)°
Ovs. 3,6,9 0-010 0001  0-001 0-009 <0001 0009 0-001 0-001 0-033 0-001
Ovs. 1,2 ns ns ns <0-001 ns ns ns ns 0-036 ns
1vs. 4,7,10 <0001 0008 ns <0-001 0-003 0008 0018 0-042 0015 ns
2vs. 5,8, 11 <0001 0043 ns <0-001 0005 0002 ns ns 0-003 ns

“Data are means of 20 replicated olive planting stocks per treatment combination. Plants were inoculated with 15 000 eggs + J,(P) of Meloidogyne spp.
Average growth of each parameter during the experiment.

°Orthogonal single-degree of freedom contrast of treatments. Probability for the t statistic of linear single-degree of freedom contrasts; ns = not
significant (P > 0-05).

Table 4 Plant growth of olive planting stock cv. Arbequina 7 months after inoculation with the arbuscular mycorrhizal fungi (Glomus spp.) and 4 or
7 months after inoculation with Meloidogyne spp.

cv. Arbequina 4-month-old cv. Arbequina 7-month-old
Growth increase” Growth increase
Shoot  Main stem Shoot  Main stem
Treatment Shoot Root  height diameter =~ Number Shoot Root height  diameter Number

Inoculation treatment® number DW (g) FW(g) (cm) (cm) of nodes DW (g) FW(g) (cm) (cm) of nodes
Noninoculated control 0 347 689 9:97 1-93 7-65 1056 1811 2310 1-62 11-65
M. incognita 1 301 540 1086 144 7-85 1062 1585 2082 125 11-65
M. javanica 2 326 445 1181 1-46 7-59 1065 16:36 2099 127 11-50
G. intraradices (BEG 72) 3 901 1251 3131 2:65 14-95 1350 2347 4341 2:20 19:70
M. incognita + Gi (BEG 72) 4 896 927 3101 2:66 15-55 1317 1694 4246 192 19-55
M. javanica + Gi (BEG 72) 5 819 1057 2921 271 14-25 1377 1696 4024 1-90 18-90
G. mosseae (BEG 116) 6 536 949 27-06 2:19 13-15 1182 2107 2604 219 10-25
M. incognita + Gm (BEG 116) 7 5-83 7-61 27-08 2:00 13-15 11-03 16-26 24-43 1-89 12-10
M. javanica + Gm (BEG 116) 8 525 609 2483 2:23 12:30 1316 1563 2502 192 11-79
Contrasts (P)°
Ovs. 3,6 <0001 ns <0-001 0034 0-001 0001 <0001 <0001  0-001 0-001
Ovs. 1,2 ns ns ns 0-035 ns ns ns ns 0-026 ns
1vs. 4,7 <0-001 ns <0-001 <0-001 <0-001 0017 ns <0001 <0-001 <0-001
2vs. 5,8 <0001 ns <0-001 <0-001 <0001 <0001 ns <0001 <0-001 <0-001

“Data are means of 20 replicated olive planting stocks per treatment combination. Plants were inoculated with 15 000 eggs + J,(P) of Meloidogyne spp.
Average growth of each parameter during the experiment.

°Orthogonal single-degree of freedom contrast of treatments. Probability for the t statistic of linear single-degree of freedom contrasts; ns = not
significant (P > 0-05).
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caused by soilborne pathogens, through improvement of
P absorption by plants as well as direct competition with
the pathogen for infection sites and nutrients, among
other mechanisms (Azcon-Aguilar & Barea, 1996). The
effectiveness of AMF in conferring protection against
plant-parasitic nematodes has been documented in several
pathosystems (Calvet ef al., 2001). Therefore the use of
AMF to protect planting material against Meloidogyne
spp. could be a useful preplanting measure for the
integrated management of root-knot nematodes in olive
production.

As far as is known, this is the first report on the use of
AMEF for controlling root-knot nematodes in olive plants.
Results of the experiments did not reveal a significant
effect of infection by M. incognita race 1 or M. javanica
on reduction of the plant fresh weight and shoot height of
olive cvs Arbequina and Picual, irrespective of plant age of
cv. Arbequina, except for a small reduction in root FW in
4-month-old plants. Nevertheless, the study suggests that
main stem diameter is a highly sensitive parameter for
assessing damage caused by the two Meloidogyne spp.
on both cultivars, and this concurs with previous work
(Sasanelli et al., 1997; Nico et al., 2003). Although parasitism
by these root-knot nematodes can impair growth of
olive plants under controlled conditions, as indicated by
Sasanelli et al. (2002) for several olive cvs infected by
M. javanica (Sasanelli et al., 2002), it would be advisable
to perform long-term experiments under field or microplot
conditions to assess further the damaging potential of these
nematodes to growth and yield of olive cultivars.

Indigenous mycorrhizae have been found to infect long-
term established olive tree plantations naturally, resulting
in a substantial promotion of plant fitness (Rolddn-Fajardo
& Barea, 1985; Calvente et al., 2004). Artificial inocula-
tion of olive planting stocks with AMF has been adopted
by an increasing number of nursery managers as a method
for promoting growth, production and precocity, espe-
cially in microprogated plants. Recent studies revealed
that inoculation of micropropagated cv. Arbequina and
Leccino olive planting stocks with selected AMF species
improved plant growth and quality of nursery-produced
plants, with AMF-isolates G. intraradices (BEG 123) and
G. viscosum (BEG 126) being the most effective of the
fungi tested (Calvente et al., 2004). Results of the present
work confirm that those two AMF species, as well as other
isolates of the same species, can significantly improve
growth of olive planting stocks irrespective of cultivar, age
and infection by the root-knot nematodes M. incognita
race 1 and M. javanica. Colonization of olive roots by
AMF was generally high in both experiments; however,
in each experiment the percentage root colonization by
AMF was modified by nematode infection, depending on
the AMF isolate-olive planting stock combination. The
main causes affecting the arbuscular phase and produc-
tion of storage structures (vesicles and internal spores)
appear to be a reduction of spaces for fungal colonization
(Smith, 1988) and a decrease in the supply of carbohydrates
in the roots (Wallace, 1987), as a result of nematode
migration and feeding with formation of giant cells in the
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cortical parenchyma, endodermis, pericycle and vascular
parenchyma of olive root tissues (Nico et al., 2002).

Root infections by M. incognita race 1 and M. javanica
resulted in moderate root galling and reproduction rates
of the nematodes in both olive cultivars. These results
agree with previous observations in naturally and artifi-
cially nematode-infected planting stocks of cultivars in
nurseries in Andalusia (Nico et al., 2002, 2003), and are
similar to those reported by Sasanelli et al. (1997) in arti-
ficially inoculated plants. In the experiments, described
here, mycorrhizal infection improved growth of olive
planting stocks for all parameters tested, irrespective of
cultivar or plant age, and this improved growth appeared
to confer tolerance against parasitism by M. incognita
race 1 and M. javanica. Severity of root galling, as well as
the reproduction rate of the two nematode species, were
significantly reduced in mycorrhizal plants compared
with nonmycorrhizal ones. The lower root galling severity
and nematode reproduction rate in the roots of plants
colonized by AMF clearly indicates a suppressive effect of
AMEF to parasitism by root-knot nematodes in olive plant-
ing stocks. These results agree with previous reports on
the suppression of root-knot nematode populations by
mycorrhizal fungi, such as M. javanica in a peach orchard
in southern Spain (Calvet et al., 2001), and M. incognita
in banana plants ( Jaizme-Vega et al., 1997). Other studies,
however, showed that populations of root-knot nematodes
in specific nematode-host associations were unaffected
by AMF (M. incognita—cotton, Smith ez al., 1986;
M. incognita—tamarillo, Thomson Cason et al., 1983;
M. javanica—micropropagated banana, Pinochet et al.,
1997), suggesting that both root-knot nematodes and
AMF may co-infect without interactions. Nevertheless,
AMEF can interact with other microorganisms in the rhizo-
sphere ( Jeffries et al., 2003). In this context, formation of
AMEF may change plant physiology and certain nutritional
and physical properties of the rhizoplane and/or rhizo-
sphere, affecting the patterns of microbial colonization
(Gryndler, 2000). Although the mechanism(s) that enabled
the beneficial effects of mycorrhiza against root-knot nem-
atode attack remain unknown, improved nutrient status,
competition for nutrients and penetration sites, anatomical
or physiological changes in roots, microbial changes in the
rhizosphere and activation of plant defence mechanisms
may be important factors (Hussey & Roncadori, 1982).

In summary, the results reported here indicate that early
inoculation of planting stocks of olive cvs Arbequina and
Picual with G. intraradices, G. mosseae or G. viscosum
favour plant growth and confer protection against the
root-knot nematodes M. incognita race 1 and M. javanica
by inhibiting nematode reproduction, reducing the sever-
ity of root galling and, probably, by enhancing olive
plant nutrition, as reported previously in pear rootstocks
(Lopez et al., 1997). Thus the use of mycorrhizal planting
material during olive plant propagation in nurseries may
be a useful practice for minimizing the effects of root-knot
nematode infections in olive planting stocks, and to pro-
tect these plants against later infections in commercial
olive orchards.
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