
In southern Italy and the Mediterranean region,
potato (Solanum tuberosum ssp. tuberosum L.) is an im-
portant crop. The mild winter along the coastal area
means that potatoes can be grown during different peri-
ods of the year. However, to avoid market competition
with potatoes planted in inland areas and non-Mediter-
ranean European countries, cultivation of early or extra-
seasonal potatoes, for the fresh local and European mar-
kets, is preferred. Therefore, potatoes are mainly plant-
ed in late summer to be harvested in late autumn, mid-
autumn to be harvested in early spring or in mid to late
winter to be harvested by late spring. 

In Italy, potato cyst nematodes, Globodera rostochien-
sis (Woll.) Behrens and G. pallida Stone are known to
be widespread and to cause severe yield loss to the win-
ter/spring sown potato crops (Greco et al., 1982; 1993).
However, infestations of root-knot nematodes have also
been observed on potatoes planted in late August
(Marinari Palmisano, 1967; d’Errico, 1984). In Decem-
ber 2003, severe infestations and damage to potato tu-
bers by a population of Meloidogyne incognita (Kofoid
et White ) Chitw. were observed in November-Decem-
ber in small areas in the Campania region, on potatoes
planted in late August-September. This and the other
major root-knot nematodes, M. arenaria (Neal) Chitw.,
M. hapla Chitw. and M. javanica (Treub) Chitw., are also
common in Italy and the Mediterranean region (Lam-
berti, 1979) and are known to affect potatoes (Lamber-
ti, 1979; Jatala et al., 1982; Brodie et al., 1993; Vovlas et

al., 1994; Grammatikaki et al., 1999; Scurrah et al.,
2005; Vovlas et al., 2005). 

To design an appropriate management strategy, infor-
mation is required on the extent of yield loss the nema-
tode may cause and on its dynamics. Therefore, two mi-
croplot experiments were conducted to ascertain the ef-
fects of increasing population densities of M. incognita
on potato grown during the autumn and spring growing
seasons.

MATERIALS AND METHODS

The experiments were conducted at Portici (near
Naples), from September 2004 to June 2005. The popu-
lation of the nematode was from infected potato tubers
collected at Acerra (province of Naples) and reared on
tomato (Lycopersicon esculentum Mill.) cv. Rutgers in a
glass-house maintained at 25 ± 3 °C.

First experiment. The nematode population was in-
creased from early July to mid-September 2004. When
large egg masses of the nematode had formed, the toma-
to plants were uprooted and the roots washed in run-
ning tap water. Roots were cut into pieces about 0.5 cm
long and dipped into a pail of tap water to enable them
to be easily mixed. The roots were then separated from
the water, excess water was removed by drying between
paper tissues, and the roots were weighed. To estimate
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the nematode population available, four 5-g root sam-
ples were processed by the hypochlorite method of
Hussey and Barker (1973), the egg and second stage ju-
venile (J2) suspension diluted appropriately and the ne-
matodes in three 1-ml aliquots per sample were counted
under a dissecting microscope. The roots were then
mixed with sterilized sand and used as inoculum. Ap-
propriate amounts of this inoculum (19 kg containing
8,412 eggs and J2s/g) were added to the soil of each mi-
croplot (25.6 dm3) on 23 September 2004 and thor-
oughly mixed, along with 10 g of a NPK (12-12-12) fer-
tilizer, using a cement mixer. The population densities
of the nematode tested were 0, 0.125, 0.25, 0.5, 1, 2, 4,
8, 16, 32, 64, 128 or 256 eggs and J2s/cm3 soil. To moni-
tor changes in the nematode population in the absence
of a crop, ten microplots were infested with 61.6 eggs
and J2s/cm3 soil and left fallow. From each of these mi-
croplots, a 0.5-kg soil sample was collected at the time
of inoculation and 8, 15, 29, 44, 58, 72 and 87 days later
and processed by Coolen’s method (Coolen, 1979) as
modified by Di Vito et al. (1985).

Microplots were 30.5 cm diameter, 40 cm long and 3
mm wall thickness grey plastic tubes sunk into the soil
up to 35 cm. There were 140 microplots (ten replicates
per inoculum level) arranged according to a randomized
block design, contiguous along the row and 80 cm apart
between rows. The soil used in the experiment (sand
83.8%, silt 13.4%, clay 2.8%, pH 7.7) was from a pas-
ture and had never been cropped to potato before. Of
the plant parasitic nematodes found, the soil contained

only a few specimens of Tylenchus sp. and Pratylenchus
sp. per 50 cm3 soil. These nematodes are not considered
important pathogens of potato in Italy.

After inoculation, each microplot was planted (23
September, 2004) with a tuber of uniform size of potato
cv. Spunta and irrigated. Thereafter, irrigation and
weeding was carried out as and when required. Ammo-
nium nitrate (27% N) (2 g/microplot) was applied on 6
November. A solution of copper product was sprayed
every 10-15 day on the aerial plant parts, from early No-
vember onwards, depending on climatic conditions, to
prevent damage by potato late blight [Phytophthora in-
festans (Mont.) De Bary].

The height of potato plants in each microplot was
measured weekly from plant emergence (8 October) un-
til 10 December but only that on 4 December is report-
ed as this is the last date on which all shoots were still
measurable.

The potatoes were harvested on 23 December, 2004
and tubers and aerial plant parts in each microplot were
weighed separately. Tubers were also counted, stored at
room temperature until the following summer and,
from time to time, checked for the presence of symp-
toms of nematode attack. A 2-kg soil sample was col-
lected from the top 30 cm of each microplot. Eggs and
J2s of M. incognita were then extracted from 500 cm3

sub-samples using the method of Coolen (1979) as
modified by Di Vito et al. (1985) and counted.

Air temperatures were also recorded during the
growing season.
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Fig. 1. Mean maximum, mean minimum, and average daily temperatures recorded during the autumn (A) and spring (B) seasons.
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Second experiment. The procedure was essentially the
same as the previous experiment. The nematode popu-
lation was increased on tomato from early January to
mid-March 2005 and an initial population density treat-
ment of 0.06 egg and J2/cm3 soil was added to the ex-
perimental design while that of 256 eggs and J2s/cm3

was omitted. The nematode population density in the
microplots left fallow was of 4.2 eggs and J2s/cm3 soil
and each nematode level was replicated 8-fold. Potato
cv. Spunta was planted on 23 March and harvested on
23 June 2005. Ammonium nitrate was applied at the
rate of 2 g/microplot twice during the growing season.
Plant height was measured from 11 April to 23 May.

Statistical analysis. The data were subjected to analy-
sis of variance and LSD at P < 0.05 was calculated to
compare the means. 

RESULTS

First experiment. Mean air temperatures (Fig. 1) were
in the range 19-21 °C throughout October and then re-
mained in the range 11-16 °C until harvest. Maximum
temperatures were 26-29 °C until the first ten days of
November and then dropped to 21-23 °C until harvest,
while minimum temperatures were in range 13-15 °C
until early November, dropped to 1-5 °C in November
and rose again to 11-12 °C in December. 

Potatoes emerged in about 10 days after planting and
their height increased continuously until 4 December.
No differences could be observed between plants in the
plots infested with 0-8 eggs and J2s of M. incognita/cm3

soil. At larger population densities, potato growth de-

creased with the increase of the nematode density and a
delay of plant emergence occurred in the plots inoculat-
ed with the largest (256 eggs and J2s/cm3 soil) popula-
tion of the nematode. On 4 December, the height of
potatoes was significantly reduced in microplots inocu-
lated with Pi ≥ 32 eggs and J2s/cm3 soil and was about
half or one third that of the plants in microplots infest-
ed with 0-8 nematodes/cm3 soil at Pi of 128 or 256 eggs
and J2s/cm3 soil, respectively (Table I). 

The weight of potato tubers (Table I) was rather sim-
ilar in the microplots inoculated with 0-1 eggs and
J2s/cm3 soil but larger (although not significantly) than
that of the plots infested with 2-32 nematode eggs and
J2s /cm3 soil. A significant decrease in tuber yield oc-
curred at Pi ≥ 64 eggs and J2s/cm3 soil, with tuber
weights of 37%, 31% and 19% of that at Pi 0-1 eggs
and J2s/cm3 soil in the plots infested with 64, 128 and
256 eggs and J2s/cm3 soil, respectively. Because of the
variability of the data at Pi ≤ 4 eggs and J2s/cm3 of soil,
it was not possible to fit all of the data to Seinhorst’s
model y = m + (1-m)zPi-T (Seinhorst, 1965; 1986). To es-
timate the tolerance limit of potato to the nematode, the
model was fitted only to data of tuber yield obtained at
Pi ≥ 8 eggs and J2s/cm3 of soil (Fig. 2). In this model, y
is the relative yield (the yield at a given Pi divided by the
average yield at Pi ≤ T) and is y = 1 at Pi ≤ T; m is the
minimum relative yield (the minimum value of y, usually
that at the largest Pi); z is a constant with z-T usually =
1.05; Pi is the nematode population density and T is the
tolerance limit (the value of Pi above which yield loss
begins to occur). A tolerance limit (T) of potato to M.
incognita of 1.2 eggs and J2s/cm3 soil and a minimum
yield (m) of 0.2 at Pi 128 eggs and J2s /cm3 soil were es-
timated.
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Table I. Effect of increasing soil population densities of Meloidogyne incognita at planting (Pi) on growth and yield of potato
cv. Spunta and on nematode population at harvest (Pf). Autumn 2004 crop.

Pi
(eggs and juveniles/

cm3 soil)

Plant height
(cm) on 4
December

Fresh plant top
weight

(g)

Tuber yield per
microplot

(g)

Tubers
per

microplot

Pf
(eggs and juveniles/

cm3 soil)

0 58.6 226.6 164.4 6.8
0.125 59.9 248.4 214.2 7.6 0.01
0.25 58.5 207.2 171.6 6.2 0.01
0.5 57.6 161.3 148.6 5.6 0.07
1 55.9 195.8 186.4 7.2 0.04
2 53.0 118.0 113.2 5.1 0.04
4 55.4 158.2 110.0 5.6 0.4
8 57.4 176.5 155.3 6.4 2.9
16 52.7 122.6 112.4 4.6 3.8
32 48.1 134.4 113.7 4.8 9.1
64 39.6   86.1   65.0 5.2  11.5
128 31.7   49.0   54.7 4.8 4.9
256 20.4   36.7   34.4 4.1 2.3

LSD at P ≤ 0.05   8.74   59.62   62.60 2.34 4.45
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At harvest, the fresh weight of the plant tops did not
differ in the microplots with Pi 0-8 eggs and J2s/cm3

soil, while a decline was observed at larger Pis, which,
however, became significant only at ≥ 64 eggs and
J2s/cm3 soil. In general, the effect of the nematode was
little on the number of tubers per microplot (Table I),
which was in the range 5.1-7.6 at Pi 0-8 eggs and
J2s/cm3 soil and declined slightly (4.1-5.2) at larger Pi.
Tuber size remained fairly constant at Pi 0-32 eggs and
J2s/cm3 soil (22-28 g per tuber), but dropped to 8-12 g
per tuber at larger Pi.

The nematode population in the microplots left fal-
low had declined slightly after one week (16%),
markedly after two weeks (76%) and had nearly disap-
peared by December. A general and strong decline of
the nematode population was observed at harvest in the

microplots planted to potato (Table I), with Pf/Pi ratios
in the range 0.01-0.36. At harvest, heavily galled roots
were observed, especially at Pi ≥64 eggs and J2s/cm3

soil, but egg masses of the nematodes were few and
small. Observation of the tubers did not reveal the pres-
ence of any swellings or blisters nor of the nematodes
inside them, even in tubers produced in the microplots
with the largest Pi. Moreover, no surface symptom was
found during the periodical observation of these tubers
stored at room-temperature until the next summer.

Second experiment. In the spring experiment, the
temperature (Fig. 1) increased progressively, averaging
13-17 °C until the end of April, 17-22 °C in May and
19-24 °C in June. In the same periods, maximum tem-
peratures were 19-22 °C, 24-30 °C and 28-29 °C and
minimum temperatures were 5-10 °C, 10-16 °C and 11-
17 °C, respectively.

Potatoes emerged in two weeks and increased in
height until the end of May, but no clear difference
could be observed between treatments throughout the
growing season. However, although no clear difference
in fresh top weight at harvest of potatoes could be seen
in microplots at Pi of 0-32 eggs and J2s/cm3 soil, a sig-
nificant 25-27% suppression of growth was observed at
Pi 64-128 eggs and J2s/cm3 soil when compared with the
general average of the top weights at Pi of 0-32 eggs and
J2s/cm3 soil (Table II).

No effect of the nematode population densities was
observed on potato tuber yield although a slight de-
crease (11-16%) was observed at Pi ≥ 64 eggs and
J2s/cm3 soil if compared with the general average at all
smaller values of Pi. The number of potato tubers (13.1-
17) per microplot and weight per tuber (57-82 g), al-
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Fig. 2. Relationships between population densities of
Meloidogyne incognita at planting (Pi) and relative yield (y) of
potato tuber during the autumn 2004 growing season.

Table II. Effect of increasing soil population densities of M. incognita at planting (Pi) on growth and yield of potato cv.
Spunta and on nematode population at harvest (Pf). Spring 2005 crop.

Pi
(eggs and juveniles/

cm3 soil)

Plant height
(cm) on 23

May

Fresh plant top
weight

(g)

Tuber yield per
microplot

(g)

Tubers
per

microplot

Pf
(eggs and juveniles/

cm3 soil)

0 74.9 490.4   815 14.3
0.062 68.2 425.6 1100 14.6     0.4
0.125 66.6 484.2 1200 16.1     0.7
0.25 69.0 367.5 1172 14.3     1.0
0.5 65.9 377.6   998 13.1     1.4
1 62.5 387.6 1157 16.1     1.4
2 65.2 402.4 1168 15.6     5.2
4 68.5 395.0 1180 14.4     7.2
8 62.7 389.4 1149 16.6   15.5
16 66.9 392.5 1089 16.6   57.5
32 68.1 365.5 1109 17.0 291.3
64 63.1 304.5   986 14.3 375.7
128 69.4 297.4   933 20.3 671.1

LSD at P ≤ 0.05   7.73 129.13   231.34   4.35 103.54
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though variable, were basically similar at Pi 0-64 eggs
and J2s/cm3 soil but a significant increase in their num-
ber (20.3) and reduction of the weight per tuber oc-
curred at Pi 128 eggs and J2s/cm3 soil.

In the microplots left fallow, the population density
of the nematode declined rapidly during the first (52%)
and second (72%) weeks after planting, declined slight-
ly until the end of May and had nearly disappeared by
harvest (23 June). In the infested microplots, the popu-
lation density of the nematode increased, reaching a
maximum of 671 eggs and J2s/cm3 soil at Pi 128 eggs
and J2s/cm3 soil. The reproduction rate of the nematode
decreased from 6.7 to 1.4 with the increase of Pi from 0
to 1 egg or J2/cm3 soil and was rather variable at larger
values of Pi, with a maximum value of 9.1. At harvest,
potato roots showed clear galling and the severity ap-
peared to increase with the increase of Pi. However,
most of the galls were small and devoid of or with only
small egg masses. Observation of the tubers did not re-
veal any symptom of nematode attack at harvest but
blisters were observed the following October-Novem-
ber (Fig. 3A) on the same tubers stored at room temper-
ature. Transverse sections of these stored tubers re-

vealed several nematode specimens at different stage of
development and egg masses (Fig. 3B).

DISCUSSION

Root-knot nematodes, Meloidogyne spp., are the most
damaging plant parasitic nematodes worldwide.
Meloidogyne hapla and M. chitwoodi Golden, O’Ban-
non, Santo et Finley are severe parasites of potato in Eu-
rope and North America (Brodie et al., 1993; Scurrah et
al., 2005) and M. fallax Karssen in a few countries in Eu-
rope (Waeyenberge and Moens, 2001). Also, the warm
season species M. incognita, M. javanica and M. arenaria
damage potato in tropical and sub-tropical areas (Brodie
et al., 1993; Scurrah et al., 2005). Damage by these
species of root-knot nematodes has also been reported
in the Mediterranean area (Lamberti, 1979; Vovlas et al.,
2005). In southern Italy, damage to potato (poor plant
growth and severe root galling) was observed in early
autumn but symptoms of nematode infection were never
observed on the tubers even though they were found to
be infected. The observation of damaged potato tubers
in late autumn-early winter in the Campania region of
southern Italy was thought to be an indication of the ag-
gressiveness to potato and tolerance to rather cool tem-
perature of the nematode population present in that
area. In potatoes planted in September, we observed re-
duction of plant growth and yield but no symptoms of
nematode attack were seen on the tubers soon after har-
vest nor even by the next summer on stored tubers. This
would indicate that the damage to tubers observed earli-
er in the field is not common and almost certainly was
due to an unusually warm autumn. In potatoes planted
in March, a small reduction of plant growth and yield
occurred only at the largest inoculum level, but symp-
toms of nematode attack on the tubers, although absent
at harvest, became obvious by the next autumn on the
stored tubers. However, early potatoes produced in
southern Italy are marketed immediately and, therefore,
their commercial acceptability is not reduced. As ex-
pected, the yield of potatoes of the March-June season
was much greater than that of potatoes grown in the
September-December season. 

The tolerance limit of potato to M. incognita estimat-
ed in our study (1.2 eggs and juveniles/cm3 of soil) is
larger than that of 50 eggs/250 cm3 soil for M. hapla
(Brodie et al., 1993) and 0.50-0.64 eggs and J2s/cm3 soil
for M. javanica in pot experiments in the glasshouse
(Vovlas et al., 2005). Santo and O’Bannon (1981) re-
ported the pathogenicity of M. chitwoodi and M. hapla
on potato under controlled conditions. However, Santo
et al. (1981) investigated the effect in the field of 10, 100
and 250 eggs/250 cm3 soil of both nematodes on potato
cv. Russet Burbank, in Washington State (USA), and
concluded that a threshold level may occur for M. hapla
but not for M. chitwoodi. All this suggests that the toler-
ance limit can be greatly affected by environmental con-
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Fig. 3. Small potato tubers collected in June 2005 and ob-
served the following October-November. A: Entire tubers
with blisters caused by M. incognita attack; B: sections of the
same tubers showing necrotic areas and clusters of females,
with an enlargement in the insert, that seems to have originat-
ed from a single female.
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ditions, potato cultivar and nematode species.
The dynamics of the nematode were probably affect-

ed by the different temperatures during the two crop-
ping seasons. In the September planting, the nematodes
invaded potato roots and induced the formation of
galls. However, by the time the tubers had begun to
form, the temperature had dropped to a level suppress-
ing nematode infection, thus allowing the tubers to es-
cape invasion. Moreover, the nematode could not com-
plete a single generation and, therefore, its soil popula-
tion density fell much below that at planting. On the
spring crop, although the nematodes invaded the potato
roots at a relatively late growth stage, a small proportion
were able to complete their life cycles, thus slightly in-
creasing the soil population density. Also, by the time
the tubers started to form the temperature had in-
creased, so they became infected and allowed the nema-
tode to continue developing after harvest and to cause
tuber swellings, as observed by Jatala et al. (1982). This
indicates that, as for the potato cyst nematodes G. ros-
tochiensis and G. pallida, the use of potato tubers har-
vested in late spring for planting in summer is risky as it
can spread the nematode.

Finally, we feel that while there is very little to no
chance for M. incognita to damage spring potatoes in
southern Italy, and probably in all the Mediterranean
basin, summer-sown potatoes can be severely damaged if
planting is in mid-August to early September, when soil
temperature is conducive to nematode infection and
damage.

ACKNOWLEDGEMENT

We wish to thank Dr. Gerrit Karssen, The Nether-
lands, for confirming the identity of the nematode
species, the “Dipartimento di Ingegneria Agraria e
Agronomia del Territorio”, Faculty of Agriculture, Uni-
versity of Naples “Federico II”, Portici (Naples), for
supplying the temperature data reported in Fig. 1, and
the “Dipartimento di Scienze del Suolo, della Pianta e
dell’Ambiente – Sezione di Scienze Chimico Agrarie”,
of the same University, for analysis of the soil texture.
The research was partially conducted within the frame-
work of the project ‘Miglioramento genetico della pata-
ta’ funded by MiPAF, Italy.

LITERATURE CITED

Brodie B.B., Evans K. and Franco J., 1993. Nematode para-
sites of potato. Pp. 87-132. In: Plant Parasitic Nematodes
in Temperate Agriculture (Evans K., Trudgill D.L and
Webster J.M., eds). CAB International, Wallingford, UK.

Coolen W.A., 1979. Methods for the extraction of Meloidogy-
ne spp. and other nematodes from roots and soil. Pp. 317-
329. In: Root-knot nematodes (Meloidogyne species) – Sys-

tematics, Biology and Control (Lamberti F. and Taylor
C.E., eds). Academic Press, London, UK. 

D’Errico F.P., 1984. Nematodi e Fusarium su tuberi di patata.
Informatore Fitopatologico, 24(11): 5.

Di Vito M., Greco N. and Carella A., 1985. Population densi-
ties of Meloidogyne incognita and yield of Capsicum annu-
um. Journal of Nematology, 17: 45-49.

Grammatikaki G., Vovlas N., Kaltsikes P.J. and Sonnino A.,
1999. Response of potato gametoclones to infection of four
root-knot nematode (Meloidogyne) species. Russian Journal
of Nematology, 7: 155-159.

Greco N., Di Vito M., Brandonisio A., Giordano I. and De
Marinis G., 1982. The effect of Globodera pallida and G.
rostochiensis on potato yield. Nematologica, 28: 379-386.

Greco N., D’Addabbo T., Brandonisio A. and Elia F., 1993.
Damage to Italian crops caused by cyst-forming nema-
todes. Journal of Nematology, 25(S): 836-842.

Hussey R.H. and Barker K.R., 1973. A comparison of meth-
ods of collecting inocula of Meloidogyne spp. including a
new technique. Plant Disease Reporter, 57: 1025-1028.

Jatala P., Booth R.H. and Wiersema S.G., 1982. Development
of Meloidogyne incognita in stored potato tubers. Journal of
Nematology, 14: 142-143.

Lamberti F., 1979. Economic importance of Meloidogyne spp.
in subtropical and Mediterranean climates. Pp. 341-357.
In: Root-Knot Nematodes (Meloidogyne species) - System-
atics, Biology and Control (Lamberti F. and Taylor C.E.,
eds). Academic Press, London, UK.

Marinari Palmisano A., 1967. Contributo alla conoscenza del-
la nematofauna italiana. I. Meloidogyne Goeldi, 1987. Re-
dia, 50: 381-397.

Santo G.S. and O’Bannon J.H, 1981. Effect of soil tempera-
ture on the pathogenicity and reproduction of Meloidogyne
chitwoodi and M. hapla on Russet Burbank potato. Journal
of Nematology, 13: 483-486.

Santo G.S., O’Bannon J.H., Nyczepir A.P. and Ponti R.P.,
1981. Ecology and control of root-knot nematodes on
potato. Proccedings of the 20th Annual Washington Potato
Conference, 3-5 February, Moses Lake, Washington, USA.
Washington State Potato Commission: 135-139.

Scurrah M.M., Niere B. and Bridge J., 2005. Nematode Para-
sites of Solanum and sweet potatoes. Pp. 193-219. In: Plant
Parasitic Nematodes in Subtropical and Tropical Agricul-
ture (Luc. M., Sikora R.A and Bridge J., eds). CABI Pub-
lishing, Wallingford, UK.

Seinhorst J.W., 1965. The relation between nematode density
and damage to plants. Nematologica, 11: 137-154.

Seinhorst J.W., 1986. Effects of nematode attack on the
growth and yield of crop plants. Pp. 191-209 . In: Cyst Ne-
matodes (Lamberti F. and Taylor C.E., eds). Plenum Press,
New York, USA.

Vovlas N., Grammatikaki G. and Sonnino A., 1994. Response
of anther culture derived diploid lines of potato to the
root-knot nematode Meloidogyne incognita. Nematologia
Mediterranea, 22: 237-240.

Vovlas N., Mifsud D., Landa B.B. and Castillo P., 2005. Path-
ogenicity of the root-knot nematode Meloidogyne javanica
on potato. Plant Pathology, 54: 657-664.

Waeyenberge L. and Moens M., 2001. Meloidogyne chitwoodi
and M. fallax in Belgium. Nematologia Mediterranea, 29:
91-97.

34

Accepted for publication on 20 February 2007.

04 Russo_29  26-06-2007  17:28  Pagina 34


