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Abstract The effects of arbuscular mycorrhizae (AM)
on the development and nutrition of the peach almond
hybrid GF-677 rootstock in a replant soil heavily infest-
ed with Meloidogyne javanica were evaluated in field
microplot conditions for two growing seasons. There
was a significant beneficial effect of mycorrhizal inocu-
lation on plant growth and nutrition in previously pas-
teurized replant soil. In natural replant soil, early inocu-
lation with a mixed AM inoculum of Glomus intraradi-
ces, Glomus mosseae and Glomus etunicatum did not
affect growth parameters. Whilst inoculation with these
AM fungi led to suppression of root-knot nematode
reproduction, natural mycorrhizal colonization of the
replant soil with native AM fungi did not.

Keywords Glomus - Meloidogyne javanica - Prunus -
Rootstock - Interaction

Introduction

Root-knot nematodes are regarded as economically im-
portant for stone fruit tree crops in warm Mediterranean
climates (McElroy 1972; Lamberti 1981; Scotto La
Massese 1989; Nyczepir 1991). There may be serious
damage in early stages of plant development in the nurs-
ery or when rootstocks are transplanted into the field. In
established orchards, they may cause delay in entering
into production, lower yields, smaller fruit size, nutrient
element deficiencies and a reduction in the longevity of
the orchard (Nyczepir and Halbrendt 1993). New infesta-
tions occur with the introduction of infected plant mate-
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rial or through contaminated soil from nearby infested
fields. Furrow irrigation contributes to the dispersion of
these nematodes (McKenry 1988).

Orchards require renovation after loss of tree vigour,
reduction in yields, changes in market demand for new
fruit varieties and the introduction of new horticultural
practices, such as the use of rootstocks that limit tree size
and confer an invigorating or dwarfing effect (Felipe
1989). From the pathological standpoint, poor orchard
development in replanted sites is common, and is ex-
pressed as failure of tree establishment, suppressed
growth and shortened productive life. Replant problems
are complex and are the result of several factors associat-
ed with each site (Ma and Abawi 1981). In southern
Spain, root-knot nematodes are often considered as pri-
mary agents causing replant problems in warm sandy
soils. Additional factors contributing to replant problems
are poor soil structure, soil-borne pathogenic fungi and
bacteria, low soil fertility and inadequate agronomic
practices (Garcia de Otazo 1992).

Root-knot nematodes cause extensive galling and the
destruction of the root system, which results in loss of
vigour and yield in both young and mature peach trees.
Although root-knot nematode resistance is available in
commercia Prunus rootstocks, the peach-almond hybrid
GF-677 [Prunus persica Batch x P. dulcis (Mill.) Webb]
is highly susceptible (Fernandez et al. 1994). Neverthe-
less, this hybrid adapts well to dry land, calcareous soils
and low fertility, conditions typical of Mediterranean en-
vironments, and is still widely used in replant situations.
The extensive use of GF-677 has resulted in increasing
replant problems caused by root-knot nematodes in the
south and east of Spain (Tarragona, Valencia, Andalucia
and Extremadura). Failure during establishment and poor
growth after the first 2-3 years are common in replant
situations. GF-677 established at new sites normally
reaches high nematode densities after a few years in
well-drained, coarse-textured soils. The renewal of plan-
tations again with GF-677 following pullout results in
further increases in specific replant problems caused by
these pests.
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Arbuscular mycorrhizal fungi (AMF) have been
shown to promote plant growth by enhancing nutrition
(Smith and Read 1997), by modifying root morphology
(Berta et al. 1995) and by conferring protection against
soil-borne pathogens (Hussey and Roncadori 1982;
Smith 1987; Hooker et al. 1994; Azcon-Aguilar and
Barea 1996). The beneficia effects of early mycorrhizal
colonization of peach seedlings roots was first docu-
mented by Gilmore (1971), but information on growth
responses of peach rootstocks in nematode-infested soils
islimited and discrepant (Strobel et al. 1982; Pinochet et
al. 1996).

The purpose of this present study was to determine
the growth performance and the nutritional response un-
der field microplot conditions of mycorrhizal GF-677
rootstocks established in a typical replant sandy soil
from southern Spain heavily infested with the nematode
Meloidogyne javanica (Treub) Chitwood.

Materials and methods

Replant soil

A replant soil (RS soil) infested with M. javanica was obtained
from a peach orchard in San José de la Rinconada, Seville, Spain.
The orchard was planted originally with GF-677 hybrid rootstock.
Five-year-old plants were pulled out because of the overall
damage caused by the root-knot nematodes (10% mortality per
year and unproductiveness). The properties of this soil were:
sandy loam (34% sand, 38% loam, 28% clay), pH 8.4, 6.9% active
lime, 0.6% organic matter, conductivity 0.27 dS/m and a cation
exchange capacity below 10 meg/100 g soil. The most significant
plant-parasitic nematode present was M. javanica at afield density
of 4,960 nematodes per litre of soil measured 3 weeks after pull-
out in April 1997. Other nematodes present at lower densities
were: Paratylenchus neglectus (Rensch) Filipjev and Schuurmans
Stekhoven, Paratylenchus sp., Trichodorus sp., Hemicriconemo-
ides mangiferae Siddiqi, and Helicotylenchus erithrinae (Zimmer-
man) Golden. These are thought to have no economic importance
for peach and were probably associated with adjacent weeds.

Plant material

Micropropagated GF-677 plantlets were received from Agromill-
ora Catalana SA, Sant Sadurni d’ Anoia, Barcelona, Spain. Plant-
lets were transferred from agar to 50-ml minipots filled with a peat
(Floratorf, Floraguard GmbH, Germany) and perlite (Iberperlita,
Stavik SA, Huesca, Spain) substrate mixture and placed in a high-
humidity chamber (90-95% RH) at 25°C for 24 days.

AM inoculum and plant inoculation

Three fungi were used in a mixed AM soil inoculum: Glomus in-
traradices Schenck and Smith, Glomus mosseae (Nicolson and
Gerdemann) Gerd. and Trappe and Glomus etunicatum Becker and
Gerdemann. The isolates of G. intraradices and G. mosseae are
registered in the European Bank of Glomales as BEG ID 72 and
BEG ID 116, respectively. G. intraradices was isolated from a cit-
rus orchard in Tarragona, Spain. The G. mosseae isolate was ob-
tained in 1981 from Rothamsted Experimental Station, UK and G.
etunicatum was isolated from Trifolium repens L. growing in a
high pH sandy soil in Cabrils, Barcelona. The three isolates were
grown separately in leek (Allium porrum L.) pot cultures on auto-
claved sandy soil in a greenhouse under controlled conditions.
Rhizosphere soils containing abundant propagules of each AM

fungus were mixed thoroughly and the soil mixture used as inocu-
lum. The resulting concentration of mycorrhizal propagules was
approximately 300 spores of G. intraradices, 15 sporocarps of
G. mosseae and 150 spores of G. etunicatumin 10 g of soil. Spore
numbers were recorded after wet sieving (Daniels and Skinner
1982), including root shredding in a blender for G. intraradices-
infected root fragments. Plantlets with uniform growth were trans-
planted to 300-ml containers filled with a pasteurized sandy soil-
quartz sand-sphagnum peat 4:3:1 (v/v) substrate mixture. Half of
the plants were inoculated with 10 g per plant of the AM inoculum
at transplant. The pots were kept in the greenhouse for 45 days, af-
ter which the plants were transplanted to replant soil, pasteurized
or non-pasteurized (i.e. containing the origina microbiota) in
microplot conditions.

Microplot experiments

Two field microplot experiments were established with four iden-
tical treatments lasting one or two growing seasons. 1) RS-control,
2) RS soil inoculated with AMF (G. mosseae + G. intraradices +
G. etunicatum) (RS-AMF), 3) pasteurized RS soil (PRS-control),
4) PRS inoculated with AMF (PRS-AMF). The experiments were
established in April 1997. GF-677 plants were transplanted indi-
vidually into 10-1 bucket microplots (Barker 1985) and arranged in
a completely randomized design with 20 replicates per treatment.
Eight plants per treatment were used for the experiment lasting for
one growing season (7 months from April to November 1997) and
twelve plants per treatment were used in the experiment lasting for
two growing seasons (18 months from April 1997 to October
1998). Plants were irrigated as needed and fertilized with 10 g per
plant of a slow-release fertilizer (Osmocote Plus,15-10-12 + mi-
cronutrients; Sierra Grace Espafia, SA, Tarragona) in May 1997
and May 1998. From May to September, plants were supplement-
ed weekly with 100 ml of Hoagland’s nutrient solution (Hoagland
and Arnon 1950) lacking P aternating with full-strength. Micro-
plots were established 80 cm apart in a shaded area (54%) in the
field.

Plant growth and nematode density

Plant growth (shoot and root weights, plant height, stem diameter)
and nematode density were assessed at the end of the first and sec-
ond growing seasons. Stem diameter measurements were made
3 cm above the soil line. The percentage of galled root system
(Barker 1985), the final nematode population density in roots and
soil and the number of nematodes per gram fresh root weight were
assessed at the end of each experiment. Soil recovered from each
microplot was separated from roots and placed in alarge pan with
water. Roots were washed in a second pan to remove soil particles
and the resulting suspension was added to the pan containing the
soil and stirred thoroughly. Nematodes in soil were extracted from
a 250-ml aliquot of the slurry by differential sieving through 100-,
200- and 400-meshes (150, 74 and 38 um, respectively) and sugar
flotation (Jenkins 1964). Nematodes in roots were extracted from
whole root systems cut into 1-cm-long pieces and macerated in
water in acommercia blender at 14,500 rpm for 30 s given at 10-s
intervals. The nematode suspension was concentrated with 100-,
200- and 500-mesh sieves (150, 74 and 25 pum, respectively). Root
tissue and debris collected on the 150-um sieve were discarded.
Nematodes were recovered in the remaining sample by sugar
flotation (Jenkins 1964).

AM colonization

For assessing AM colonization, root samples were stained with
0.05% trypan blue in lactic acid after Phillips and Hayman (1970)
as modified by Koske and Gemma (1989). The percentage of root
colonization was determined using the grid-line intersect method
(Giovanetti and Mosse 1980). Samples were large enough to count
at least 150 intersects per sample.



Table 1 Plant growth response and mycorrhizal colonization of
GF-677 plants inoculated or not with three arbuscular mycorrhizal
fungi (AMF): Glomus intraradices, Glomus etunicatum and Glo-
mus mosseae in a replant soil (RS) infested with Meloidogyne ja-
vanica and in pasteurized replant soil (PRS). Parameters were
measured at the end of the first growing season 7 months after
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transplant to microplots (means of eight replicates) and at final
harvest 18 months after transplant to microplots (means of twelve
replicates). Different letters in the same column indicate signifi-
cant differences between treatments at the end of the first growing
season or at final harvest

Treatment Time after Stem Plant height Shoot Root Shoot Mycorrhizal
transplant diameter (cm) fresh wt. fresh wt. dry wt. colonization
(months) (mm) (9) (9) (9) (%)

RS-control 7 6.08 a 14292 a 2251a 3941 ab 10.33 a 90.98 a

RS-AMF 6.19a 96.15a 17.71a 38.41 ab 8.20a 92.02a

PRS-control 6.06 a 75.37 a 19.78 a 27.05a 9.24 a

PRS-AMF 8.06 b 259.69 b 54.73b 44.25b 26.26 b 87.87a

RS-control 18 9.58 a 737.66 ab 15749 a 105.12 a 69.80 a 85.12a

RS-AMF 9.72a 770.78 b 160.99 a 104.52 a 67.00 a 81.02a

PRS-control 10.88 a 605.43 a 169.84 ab 89.84 a 82.04b

PRS-AMF 11.30a 728.16 ab 190.80 b 87.73a 86.86 b 85.68 a

Table 2 Reproduction of Meloidogyne javanica in GF-677 plants
inoculated or not with three AMF: Glomus intraradices, G. et-
unicatum and G. mosseae in a naturally infested replant soil (RS).
Parameters were measured at the end of the first growing season

(means of eight replicates) or at final harvest (means of twelve
replicates). Different letters in the same column indicate signifi-
cant differences between treatments at the end of the first growing
season or at final harvest

Treatment Time after Root galling Final nematode Number of Total nematodes
transplant (%) population nematodes (soil+root)
(months) (root) (per g root)

RS-control 7 12.63b 128857 b 3280.64 b 133829 b

RS-AMF 4.88a 52945 a 1323.25a 55414 a

RS-control 18 65.75a 115015 b 1088.64 b 120036 b

RS- AMF 5491a 74543 a 679.17 a 79706 a

Mineral composition Results

The concentrations in leaves of N, P, K, Ca, Mg, Fe, Cu, Mn and
Zn were determined for each growing season according to proce-
dures established for peach (Jones et al. 1991). Boron (B) was de-
termined only in the second year. Whole midshoot leaves (35-40
from each tree) were collected in midsummer avoiding senescent
tissue. Leaves were washed in mild detergent, rinsed thoroughly in
distilled water and dehydrated in a fan-ventilated oven (70°C).
The dry leaves were ground in a ball mill and a minimum of
1.8-2.2 g of dry matter used for element analysis. Analysis of al
elements except N was carried out in a F586-587 Varian Liberty
220 inductively coupled plasma (ICP) emission spectrometer
(Munter and Grande 1981). Nitrogen content was determined by
the Kjeldahl procedure (Rund 1984).

Statistical analysis

Data recorded for plant growth, mycorrhizal root colonization and
element content in leaves were analysed by ANOVA (P<0.05) and
mean values compared with Tukey’s multiple range test. Six and
eight replicates of foliar tissue were used to determine mineral
composition in the first and second growing seasons, respectively.
Nematode reproduction data were obtained from only two treat-
ments, as no nematodes were present in PRS; hence means were
analysed by Student’st test. Data on the final nematode population
and number of nematodes per gram of root were log,, (x+1) trans-
formed for analysis. Data on the percentage of galled root system
and mycorrhizal colonization in roots were arcsin transformed

(Vx/100) for analysis.

In the first growing season, mycorrhizal inoculation
caused no significant increase in plant growth (RSFAMF
versus RS-control). However, when plants were trans-
planted to pasteurized soil, artificially inoculated plants
(PRS-AMF) showed significant increases in stem diame-
ter, plant height, fresh and dry shoot weights. Fresh root
weights of PRS-AMF plants were aso higher than those
of PRS-contral plants, but did not differ from those of
plants from either RS treatment (Table 1).

Differences in plant growth between treatments tended
to disappear for most parameters in the second growing sea
son (Table 1). RSAMF plants were taller than those from
the PRS-control treatment. PRS-AMF plants had a higher
shoot fresh weight than plants from either RS treatment.
Dry shoot weights of plants from both PRS treatments were
also higher, despite AMF artificia inoculation at transplant.

GF-677 plants grown in the replant soil in both exper-
iments were al highly mycorrhizal. This indicates the
presence of infective native AMF propagules in the natu-
ra replant soil. The percentage of mycorrhizal coloniza-
tion of GF-677 roots achieved by native fungi was as
high (ca. 80%) 18 months after the transplant as that re-
sulting from the introduced inoculum.

The percentage of AM colonization was very high in
all cases (ca. 90% the first year and ca. 80% in the sec-
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Table 3 Mineral composition of dried foliar tissue of GF-677
plants inoculated or not with three AMF: Glomus intraradices, G.
etunicatum and G. mosseae, and growing in a replant soil (RS)
naturally infested with Meloidogyne javanica or in pasteurized re-
plant soil (PRS) The composition was measured during midsum-

mer of the first (means of six replications) and second (means of
eight replicates) growing seasons. Different letters in the same
column indicate significant differences between treatments at the
end of thefirst or second growing season

Treatment Season N P K Ca Mg Fe Cu Mn Zn B

(%) (%) (%) (%) (%) (ppm) (ppm) (Ppm) (Ppm) (Ppm)
RS-control 1st 254b 0.19b 1.24b 161c 0.43c 207.70a 4.93b 60.79a 17.26a
RS-AMF 245ab 0.18b 1.26b 1.37bc 040bc 210.04a 4.82b 61.40a 21.72ab
PRS-control 2.09 a 0.11a 0.94 a 091a 0.27a 196.50a 2.67a 49.71a 17.03a
PRS-AMF 221ab 0.21b 1.27b  1.18b 0.35b 186.32a 7.08c¢c 68.78a 27.01b
RS-control 2nd 3.68a 0.20a 235a 1l16a 0.44 a 63.50a 7.00a 51.00a 35.25a 27.00 a
RS-AMF 3.65a 0.19a 246a 1.59b 0.51b 73.25a 7.25a 63.25ab 47.00b 33.50b
PRS-control 3.65a 0.21a 222a 1.63b 0.48 ab 67.75a 7.50a 57.50a 35.25a 33.25b
PRS-AMF 345a 0.20a 233a 1.71b 0.49b 67.25a 7.00a 66.25b 37.00a 32.00b

ond year). In PRS treatments, replant soil was pasteur-
ized before filling the microplot buckets in order to
simulate experimentally a fairly common situation in
nurseries and orchards, i.e. the transplant of rootstocks
to disinfected soils. When plants were inoculated with
the mixed inoculum before transplant to the pasteurized
soil, a positive effect on plant growth due to mycorrhi-
zae was observed (Table 1).

Root galling was low in the first growing season
(Table 2); RS-control plants had a threefold higher per-
centage of galling than mycorrhizal plants. Nematode
proliferation was significantly lower in RSSAMF than in
RS-control microplots. After the second growing season,
root galling was high and no differences were detected
between treatments (Table 2). Nematode proliferation
remained significantly lower than controls in plants
inoculated with the AM mixed inoculum at transplant
(RS-AMF microplots).

At harvest, high nematode densities in roots were re-
corded in GF-677 plants not inoculated artificially with
AM fungi (Table 2), although all plants growing in re-
plant soil had been colonized naturaly by native AM
fungi propagules. Nematodes had no negative or sup-
pressive effects on mycorrhizal colonization. In all cases,
a high level of mycorrhizal colonization was recorded
despite soil infestation by the pathogen (Table 1).

At the end of the first growing season, macro- and
micronutrient levels (P, K, Ca, Mg, Cu) in leaves were
lower for plants from the PRS-control treatment than
from the other three treatments (Table 3). RS-control
plants had higher levels of N than PRS-control plants, as
well as higher levels of Caand Mg than plants from both
PRS treatments. Cu and Zn contents were highest in the
PRS-AMF plants. One year later, the artificially intro-
duced mycorrhizal fungi had enhanced Ca, Mg, Zn and
B uptake in RS-AMF, especially relative to the RS-con-
trol treatment. Inoculated plants had higher Zn foliar
contents than naturally mycorrhizal plants.

The |leaf element content increased in the second year,
except in the case of Fe, which was considerably reduced
(up to threefold) but was not deficient. This was proba-
bly due to high absorption compounded by sequestration

due to the calcareous nature and high pH of the soil,
which is known to result in iron chlorosis. No visual de-
ficiency symptoms were detected throughout the study.
Mn was significantly higher in PRS-AMF plants than in
non-inoculated RS or PRS plants. Regardless of treat-
ment, most elements were at sufficiency levels for peach
(Jones et a. 1991). Only Cu was deficient and low levels
were recorded for N, P, K, Ca, Zn and Mg in the PRS-
control plants.

Discussion

At the end of the first growing season, treatments with
pasteurized replant soil into which a mix of three differ-
ent AM fungi was inoculated indicated a stimulatory
effect of mycorrhizae on plant performance (Table 1). In
a previous study by Estain et a. (1994), growth of
GF-677 in different potting substrates was also stimulat-
ed by these isolates of G. intraradices and G. mosseae.
Early artificial inoculation of rootstocks with selected
AM fungi before transplantation to a fumigated or disin-
fected soil can be expected to be beneficial for plant de-
velopment. In natural replant soil, native fungi colonized
the roots of GF-677 plants and no differences were de-
tected between inoculated and noninoculated plants for
al growth parameters measured. Furthermore. no differ-
ences were detected between the mycorrhizal RS treat-
ments and the nonmycorrhizal pasteurized treatments,
despite the presence of pathogenic nematodes in RS
treatments. Root galling caused by the nematode was
low, but was significant in mycorrhizal plants artificially
inoculated and established in replant soil.

At harvest after the second growing season, galling
was high in al plants, indicating that mycorrhizal coloni-
zation does not decrease galling during long-term growth.
Despite the similar level of root galling found between
treatments (65.7% and 54.9%, respectively), there was a
significant difference in the fina number of nematodes
within the root tissues, especially when expressed per
gram root tissue (Table 2). This is considered to be the
most reliable parameter for evauating the pathogen in-



fection of roots. The lower level of nematode parasitism
in the roots of plants colonized by AM fungi before trans-
plant to the replant soil (60.8% and 38.6% lower at the
end of the first and second growing seasons, respectively)
is encouraging from the nematode control point of view,
as it clearly indicates a suppressive effect of some AMF
on M. javanica. The symbiont appears to compete advan-
tageously for food resources and space once well estab-
lished. The mechanisms of suppression are unknown, but
would appear to be associated with physiological changes
making root tissue an unfavourable food source for the
root-knot nematode species. On the other hand, the nema-
tode had no effect on mycorrhizal development.

There is little information about interactions between
root-knot nematodes and mycorrhizae in peach or other
perennial fruit crops. Strobel et al. (1982) reported a sup-
pressive effect of Gigaspora margarita on the reproduc-
tion of Meloidogyne incognita only in tests where the
fungus improved peach growth. In that same study, Glo-
mus etunicatum showed no effect on nematode reproduc-
tion. Early mycorrhizal inoculation of banana plants with
Glomus mosseae suppressed both root galling and M. in-
cognita build-up in the roots (Jaizme-Vega et a. 1997).
Other authors have also reported a decrease in root-knot
nematode populations due to mycorrhizal infection of
roots of important annual crop species, e.g. onion (Alli-
um cepa L.), soybean (Glycine maxima L.. Merr.), cotton
(Gossypium herbaceum L.) and tomato (Lycopersicon
esculentum Mill.) (Hussey and Roncadori 1982).

When uninoculated GF-677 plants became naturally
mycorrhizal in the replant soil, native AMF and nema-
todes apparently had the same opportunity in time to
penetrate and compete in the root tissue. Thus, no sup-
pressive effect on nematode infection was detected, de-
spite the high level of root colonization by the native
AMF. These results show the practical importance of
early artificial inoculation with selected, efficient AMF
able to protect the rootstock against nematodes when or-
chards are established in replant soils. Mycorrhizal inoc-
ulation of plants in the nursery before transplant allows
the fungi sufficient time to establish an efficient symbio-
sisin the roots prior to pathogen exposure.

The only treatment lacking mycorrhiza (PSR-control)
produced lower levels of P, K, Ca, Mg, and Cu than
other treatments in the first season. Furthermore, GF-677
plants colonized by the mixed inoculum (PRS-AMF and
RS-AMF) showed a significant increase in uptake of Ca,
Mg, Mn, Zn and B in the second growing season relative
to the controls. Our results are consistent with the foliar
increases in P, Cu and Zn reported by Strobel et al.
(1982) for peach trees grown in M. incognita-infested
soil and inoculated with Gigaspora margarita and
Glomus etunicatum. Similar results were obtained by
Gilmore (1971) with mycorrhizal peach seedlings:. foliar
Zn levels were 2-3 times higher than those of control
seedlings, preventing the appearance of Zn-deficiency
symptoms. AMF have also been found to be equally or
more effective in overcoming soil-fumigation nutrient
deficiency effects in peach nursery seedlings than the
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standard nursery practice of side dressing P and Zn at
planting time (LaRue et a. 1975).

Increases in nutrient uptake by inoculated mycorrhi-
zal plants have been recorded for other fruit tree species,
such as quince BA-29 rootstock inoculated early with
Glomus intraradices (Calvet et al. 1995), cherry Santa
Lucia 64 rootstock with G. intraradices (Pinochet et al.
1995) and the Myrobalan 29C plum rootstock inoculated
with G. intraradices and G. mosseae (Pinochet et al.
1998), all established in lesion nematode (Pratylenchus
vulnus) infested soil. Most of the results clearly indicate
increases in the P nutrition of mycorrhizal plants and in
the uptake of low diffusion elements like Fe, Mn, Cu and
Zn. This increased the availability of these elements to
treesin theinitia stages of active vegetative growth.

Our findings infer that serial inoculation of plants
with selected AMF which confer tolerance by stimulat-
ing growth and nutrition and suppressing root-knot
nematode reproduction in the roots should be consid-
ered as an alternative to costly soil desinfestation in re-
plant situations when rootstocks susceptible to root-knot
nematodes are being used. This is the case for GF-677,
the rootstock most widely used for peach in Spain cur-
rently and the main choice for replant situations. The re-
sults obtained in the first 2 years of tree growth are en-
couraging but should be considered incomplete. The
significance of early mycorrhizal colonization of GF-
677 in root-knot nematode infested soil for tree survival
after the first years of establishment and for fruit pro-
duction still remains to be determined in long-term field
testing.
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