
Peach [Prunus persica (L.) Brasch var. persica] is an
important fruit crop in many temperate countries, be-
ing grown on >1.4 million ha world-wide and yielding
>14.7 million t (FAO, 2004). Several species of plant
parasitic nematodes have been reported to damage the
crop (Di Vito, 1996; Pinochet et al., 1996). They in-
clude the ring, Criconemella xenoplax (Raski) Luc et
Raski, and the root-lesion Pratylenchus vulnus Allen et
Jensen nematodes and the root-knot nematodes
Meloidogyne incognita (Kofoid et White) Chitw., M. ja-
vanica (Treub) Chitw., M. arenaria (Neal) Chitw. and
M. hapla Chitw. (Nyczepir and Halbrendt, 1993). It is
also worthwhile mentioning that a new root-knot nema-
tode species, M. floridensis Handoo, Nyczepir, Esmen-
jaud, van der Beek, Castagnone-Sereno, Carta, Skantar
et Higgins was found in Florida parasitizing “Nema-
guard”, a peach rootstock resistant to M. incognita and
M. javanica (Handoo et al., 2004). The root-knot nema-
todes listed above are the most common and damaging
nematodes to peach in most countries, causing an aver-
age yield loss of about 12% on a world basis (Di Vito et
al., 2002). Italy is a primary producer of peaches in the
world (97,497 ha and >1.3 million t) (FAO, 2004).
Root-knot nematode species are major pests in the
main growing areas of Italy. Recent studies conducted
in the United States indicate that the severity of damage
caused by root-knot nematodes is affected by many fac-
tors, including initial population levels, growing media
and genetic characteristics of peach rootstocks (Lu
ZhenXiang et al., 2000). Therefore, an experiment was
undertaken in a screen-house to assess the effect of a
range of initial population densities of M. javanica on
the growth of the peach rootstock GF 677, in a sandy
soil collected from a peach-growing area in southern
Italy.

MATERIALS AND METHODS

An Italian population of M. javanica was collected
from a peach orchard at San Ferdinando di Puglia (Fog-
gia province) and reared on tomato (Lycopersicon escu-
lentum Mill.) cv. Rutgers in a glasshouse at 26 ± 3 °C.
When large egg masses had formed, the roots were gen-
tly washed free of adhering soil and finely chopped (1-2
cm pieces). Ten sub-samples of 5 g were separately shak-
en for 4 min in jars containing 100 ml of 1% aqueous so-
lution of sodium hypochlorite to dissolve the egg masses
and the resulting suspension was sieved through a 70 µm
sieve mounted on a 10 µm sieve (Hussey and Barker,
1973). Eggs remaining on the 10 µm sieve were gathered
in a beaker and those in three 1-ml aliquots counted.
The number of nematodes on the total amount of roots
was estimated from these counts. The remaining infected
roots were then thoroughly mixed with 3 kg of steam
sterilized sandy soil and used as inoculum. Chopped, in-
fested tomato roots were preferred as inoculum because
they were found to be more efficient than suspensions of
dispersed eggs (Di Vito et al., 1986).

One hundred and twenty plastic pots were each filled
with 950 cm3 of steam sterilized sandy soil (sand 88%,
silt 5%, clay 7% and organic matter 2.5%). Appropri-
ate amounts of the inoculum were thoroughly mixed in-
to the soil of each pot to give population densities of 0,
0.125, 0.25, 0.5, 1, 2, 4, 8, 16, 32, 64, 128, 256, 512 or
1024 eggs and second stage juveniles/cm3 soil. Eight
pots were inoculated with each population density. 

Seedlings of the peach rootstock cv. GF 677, pro-
duced in vitro (Zuccarelli, 1979) and transferred to a
glasshouse to acclimatize, were used. A single two-
month-old plantlet, about 10 cm tall, was transplanted
into each pot on 15 May 2004. The pots were arranged
in a randomized block design on benches in a screen-
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house at 28 ± 5 °C.
Six months after transplanting, fresh top weight and

height of the plants were recorded. The root systems
were gently washed, weighed and gall indices were as-
sessed according to a 0-5 scale, where 0 = no gall, 1 = 1-
2 galls, 2 = 3-10, 3 = 11-30, 4 = 31-100 and 5 = more
than 100 galls (Taylor and Sasser, 1978). To extract eggs
and second stage juveniles of the nematode, the roots
were blended in 1% sodium hypochlorite solution for 3
min and then centrifuged according to Coolen’s method
(Coolen, 1979). Eggs and second stage juveniles of the
nematode were also extracted from soil by Coolen’s
modified method (Coolen, 1979; Di Vito et al., 1985).
The number of eggs and second stage juveniles in the
soil plus those found in the roots of the same pot was
considered as the final population density (Pf) per pot.

Data on the plant growth parameters were fitted to
Senhorst’s model (Seinhorst, 1965, 1979). Data on root
gall indices were analysed by ANOVA and the means
compared with Duncan’s Multiple Range Test.

RESULTS AND DISCUSSION

Environmental conditions in the screen-house during
the experiment were suitable for both peach plant
growth and nematode infestation and reproduction. 

Meloidogyne javanica affected the growth of peach

negatively (Figs 1 and 2). Symptoms of nematode attack
were evident at an initial population density (Pi) of 8
eggs and second stage juveniles/cm3 and consisted of a
marked reduction of plant top growth.

Data on fresh top weight and height of plants fitted
curves according to the model, y = m + (1 – m)zPi-T, pro-
posed by Seinhorst (1965, 1979). In this model, y is the
relative yield (the yield at a given P > T divided by the
average yield at all P ≤ T, with y = 1 at P ≤ T), m is the
minimum relative yield (= y at very large population
densities), P is the nematode population density at
transplanting expressed as eggs and second stage juve-
niles/cm3 soil, T is the tolerance limit of the crop to the
nematode (= value of P up to which no crop damage oc-
curs), and z is a constant with z-T = 1.05. After fitting the
data to this model, values of tolerance limits, relative
yields (y) at different population densities and minimum
yields (m) were derived (Figs 1 and 2).

The tolerance limits of fresh top weight and height of
peach plants challenged by M. javanica were 0.85 and
0.57 eggs and second stage juveniles/cm3 soil, respec-
tively. The minimum relative yields (m) were 0.29 at Pi ≥
64 eggs and second stage juveniles/cm3 soil for plant
fresh top weight and 0.58 at Pi ≥ 32 eggs and second
stage juveniles/cm3 soil for plant height (Figs 1 and 2).

The maximum reproduction rate of the nematode
(Pf/Pi) was 6.2-fold and was achieved at the smallest ini-
tial population density (0.125 eggs and second stage ju-
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Fig. 1. Relationship between initial population densities (Pi) of an Italian population of Meloidogyne javanica and relative fresh
top weight (y) of peach rootstock plants cv. GF 677 grown in pots maintained in a screen-house at 28 ± 5 °C.
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Fig. 2. Relationship between initial population densities (Pi) of an Italian population of M. javanica and relative height (y) of
peach rootstock plants cv. GF 677 grown in pots maintained in a screen-house at 28 ± 5 °C.

Fig. 3. Effect of different population densities of M. javanica at transplanting (Pi) on the nematode population at harvest (Pf) and
its reproduction rate (Pf/Pi) in pots into which peach rootstock cv. GF 677 was transplanted.
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veniles/cm3 soil); the largest final population density
(Pf) occurred in the pots inoculated with 512 eggs and
second stage juveniles/cm3 (Fig. 3). The root gall index
was lowest (0.1) at the lowest initial population density
and highest (5) at Pi ≥ 256 eggs and second stage juve-
niles/cm3 soil (Table I).

Our results demonstrated that the Italian population
of M. javanica is highly pathogenic to peach and, there-
fore, severe crop losses might be expected in infested
fields. This is in contrast to the findings of Lu ZhenXi-
ang et al. (2000), who did not observe growth reduction
of peach cv. Lovell (a peach rootstock susceptible to
root-knot nematodes) even at population densities of the
nematode as large as 10,000 eggs/1200 cm3. This dis-
crepancy could be due to use of a different nematode
population, a different peach rootstock cultivar and, per-
haps, also to the different type of inoculum. Di Vito et al.
(1986) demonstrated that inoculating eggs in egg masses
(i.e. as chopped tomato roots), as in this experiment, in-
stead of dispersed eggs as in the work by Lu ZhenXiang
et al. (2000), causes much more severe damage.

As the tolerance limit of peach to root-knot nema-
todes is very low and peach trees can have a productive
life of more than 10 years, the nematode population at
transplanting, especially in sandy soils, should be very
low or, better, absent. Even populations below the de-
tection limit at transplanting time could become dan-
gerous in a matter of a few months. Therefore, stringent
nematode control measures should be adopted whenev-
er the risk of root-knot nematode infection is foreseen.
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Table I. Effect of initial population densities of Meloidogyne
javanica at transplanting on the root gall index of peach root-
stock plants cv. GF 677 grown in pots.

* Means sharing a letter are not significantly different accord-
ing to Duncan’s Multiple Range Test (for P = 0.05).

Eggs and second stage
juveniles/cm3 soil

Root gall index
(0 – 5)

0.125 0.1 A*
0.25 1.3 B
0.5 2.1 C
1 3.2 D
2 3.5 D
4 3.6 D
8 3.5 D
16 3.5 D
32 4.2 E
64 4.2 E
128 4.8 F
256 5 F
512 5 F

1024 5 F
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