
Academic Editor: John P. Thompson

Received: 17 March 2025

Revised: 17 April 2025

Accepted: 22 April 2025

Published: 23 April 2025

Citation: Tzortzakakis, E.A.;

Palomares-Rius, J.E.;

García-Velázquez, A.; Salazar-García,

R.; Castillo, P.; Archidona-Yuste, A.

Life Cycle of the Dagger Nematode

Xiphinema israeliae and the Host

Suitability of Olive and Fig for X.

israeliae and X. italiae. Agronomy 2025,

15, 1013. https://doi.org/10.3390/

agronomy15051013

Copyright: © 2025 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license

(https://creativecommons.org/

licenses/by/4.0/).

Article

Life Cycle of the Dagger Nematode Xiphinema israeliae and the
Host Suitability of Olive and Fig for X. israeliae and X. italiae
Emmanuel A. Tzortzakakis 1,* , Juan E. Palomares-Rius 2 , Ana García-Velázquez 2, Rosana Salazar-García 2 ,
Pablo Castillo 2 and Antonio Archidona-Yuste 2

1 Institute of Olive Tree, Subtropical Crops and Viticulture, Department of Viticulture, Vegetable Crops,
Floriculture and Plant Protection, ELGO-DIMITRA, 32A Kastorias Street, Mesa Katsabas,
71307 Heraklion, Crete, Greece

2 Institute for Sustainable Agriculture (IAS), Spanish National Research Council (CSIC), Avenida Menéndez
Pidal s/n, Campus de Excelencia Internacional Agroalimentario, ceiA3, 14004 Córdoba, Spain;
palomaresje@ias.csic.es (J.E.P.-R.); agarciavelazquez@ias.csic.es (A.G.-V.); rasalazar@ias.csic.es (R.S.-G.);
p.castillo@csic.es (P.C.); antonio.archidona@ias.csic.es (A.A.-Y.)

* Correspondence: tzortzakakis@elgo.gr

Abstract: Xiphinema israeliae has been reported in the rhizosphere of olives in Crete, Greece.
Attempts were made to culture this nematode in pots planted with olive and fig seedlings,
using Xiphinema index as a control. In these conditions, X. index showed a high reproduction
rate on fig in a few months and none on olive. The experiments with X. israeliae indicated
that olive and fig are suitable hosts for this dagger nematode, since juveniles of various
life stages were found in plants inoculated exclusively with females, although the rate of
nematode reproduction was low. Xiphinema israeliae was proved to have a parthenogenetic
reproduction and a long life cycle, from female to female, taking more than nine months at
a 24–26 ◦C temperature to complete. Therefore, a quite long period, even a few years, may
be necessary to obtain a high number of nematodes in pots under experimental conditions.
In contrast, Xiphinema italiae did not reproduce on olive and fig after a seven-month period.
Accordingly, to our knowledge, this study increases the host range and knowledge about
the culturing of these species, as only seven species of Xiphinema have been successfully
cultured in pots till now. The potential of fig and olive for culturing X. israeliae gives an
opportunity for further studies of its biology and host range.

Keywords: ecology; plant-parasitic nematode; Mediterranean; life cycle

1. Introduction
The fitness of a plant as a host for plant-parasitic nematode species can be defined

as its capacity to support the nematode’s feeding and reproduction on it. Host suitability
may be stated objectively as the ratio of the number of nematode units recovered at the
end of a nematode-infection assay (final nematode population density (Pf)) to the number
of nematode units used to inoculate a plant (initial population density (Pi)) [1]. Xiphinema
israeliae (Luc, Brown and Cohn, 1982) [2] was firstly described in Israel in the rhizosphere
of Citrus sp. and golf greens with the description based exclusively on morphometric
characteristics [2]. The species in Israel had been earlier misidentified as X. diversicaudatum
from populations found in avocado and grapevines, indicating potential hosts for X. israeliae.
In greenhouse studies, the nematode multiplied slightly on grapevine and citrus, but the
life cycle was not completed during a nine-month period, probably due to unfavorable
culturing conditions [2].
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Recently, X. israeliae was found in the rhizosphere of cultivated and wild olives in
Crete, Greece. This was the first report of the nematode outside the area of its original
description, and its molecular profile (ribosomal and mitochondrial) was defined [3]. Males
were found only in one case of cultivated olive [3]. Further samplings in Crete indicated
its presence in 7.5% of cultivated olive (out of 146 samples) and 2.8% of wild olive (out of
36 samples) [4]. Additionally, Xiphinema italiae is another dagger nematode species, which
is quite common in the Mediterranean area [5]. In Crete, it was found present in cultivated
(7.5%) and wild (2.8%) olives out of 146 and 36 samples, respectively, as stated before for
X. israeliae [4].

The problems and difficulties of rearing Xiphinema and Longidorus nematodes under
artificial culture conditions were addressed 56 years ago [6]. This inability to culture
nematodes successfully in pots is a major limiting factor in conducting studies of nematode
biology and host suitability. For the majority of longidorid nematodes, the host range
is based on their occurrence in the rhizosphere of certain plants only [6]. In the work
described herein, several experiments were conducted with X. israeliae and one experiment
with X. italiae to determine the host suitability of these nematodes for reproducing in olive
and fig plants grown in pots. X. israeliae has a similar size to X. index and probably a similar
ability to thrive in fine sand. Since the substrate used in pots in the current work had
previously been found favorable for the development of X. index, X. index was used as a
control. Fig (Ficus carica L.) is a common tree in the Mediterranean area and a good host for
X. index [7,8]. Therefore, X. index was used as a positive control for the experiments on fig
and as a negative one for the experiments on olive, which is a poor host [7].

2. Materials and Methods
2.1. Substrates, Planting Material and Growing Conditions

The pots (250 mL and 1.5 L) were filled with fine sand, coarse sand and gravel. Fine
sand, commercially available for construction, originated from a quarry located 0.5 km from
the seaside. Coarse sand (with sizes >500 µm and <2 mm) and gravel (with sizes >2 mm
and <8 mm) were collected from the beach, sieved, thoroughly washed with running tap
water and dried. To improve drainage, a thin layer of gravel was placed at the bottom of
the 1.5 L pot and three further thin layers alternating with thick layers of fine sand in the
form of “sandwich”. Similarly, coarse sand was used at the bottom and between the fine
sand of the smaller pots. Fine sand was used as the top layer in all the pots to monitor their
irrigation needs.

Olive plants cv. Koroneiki, derived from rooted cuttings, were obtained from a nursery.
Fig plants were either raised from seeds [7,8] or from cuttings. Seeds were collected from
mature fig fruits, dried at room temperature and germinated in fine sand in a growth room
(Figure 1a). Fig cuttings were taken from a single fig tree at the end of winter and rooted in
the following spring.

The plants (olives and fig seedlings) grew in a growth room with artificial light and
a 16 h photoperiod (Figure 1c). The temperature in the growth room was regulated to a
minimum of 20 ◦C and a maximum of 28 ◦C with a heater and a fan from December 2019
until July 2020, and thereafter, until December 2023 when the study was finalized, it was
adjusted constantly to 24–26 ◦C with an air conditioner. The figs originating from rooted
cuttings grew outdoors in the shade of a shelter to protect them from direct sunlight.
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Figure 1. (a) Germinated seeds of fig. (b) Fig seedling in 100 mL cup. (c) Fig plants in growth room. 
(d) Olive plant cv Koroneiki after uprooting. (e) Root galls in fig roots caused by the feeding of X. 
index. Photomicrographs of females of (f) Xiphinema israeliae and (g) Xiphinema index, details of lip 
region, vulval and tail regions showing details of the mucro. 

  

Figure 1. (a) Germinated seeds of fig. (b) Fig seedling in 100 mL cup. (c) Fig plants in growth room.
(d) Olive plant cv Koroneiki after uprooting. (e) Root galls in fig roots caused by the feeding of X.
index. Photomicrographs of females of (f) Xiphinema israeliae and (g) Xiphinema index, details of lip
region, vulval and tail regions showing details of the mucro.
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2.2. Nematodes

The identity of all the nematode species populations was identified by integrative
taxonomy using molecular (ribosomal and mitochondrial) markers and morphological
characteristics (Figure 1f,g) as described previously [3].

Three nematode populations of X. israeliae were used: (1) X. israeliae population
138 collected from a very old olive tree in an abandoned orchard, in the south of the
province of Heraklion, Crete (OLI 138, Pyrgiotissa) [4] (the soil was extremely stony and
dry, and sampling was carried from December 2019 to April 2021); (2) X. israeliae population
94 collected from an old olive tree in a cultivated orchard, in the south of the province
of Lasithi, Crete (OLI 94 Kentri) [4], in December 2021 and March and October 2022; and
(3) X. israeliae population 95 collected from nearby to the previous olive orchard (OLI 95
Kentri) [4] in December 2021 and October 2022. The Xiphinema index that was used in
the experiments as control was extracted from fig plants (pot culture) and was originally
obtained from a grapevine in Crete.

The X. italiae originated from a grapevine in Crete, and the extracted specimens were
used immediately for inoculation.

The nematodes were extracted from field samples through sieves and separated from
debris through a modified extraction dish lined with a 95 µm net [9]. Nematodes collected
in the dish after 24–48 h were used for plant inoculation. These were selected under a
dissecting microscope, based on their activity and vitality, and immediately inoculated
into plants. In the case of females, only non-gravid females were selected. At the end of
each experiment, the plants were uprooted (Figure 1d), and the whole substrate of each
pot was checked for the presence of nematodes as described before. The extraction dish
was checked daily till nematode recovery ceased, and the total number of nematodes
per pot was determined. The reproduction factor (Rf) was estimated by dividing the
final population (Pf) with the initial one (Pi), excluding weak specimens and those with
a translucent body, suspected of being the original, almost dead, inoculated nematodes.
According to the nematode life stages recovered, the biology was characterized as following:
(a) Complete life cycle, if the number of females in the final population was higher to the
initially inoculated one. (b) Egg laying and development, when different juvenile life stages
were observed (the juvenile life stages were identified by their total length and the lengths
of the functional and replacement odontostyle [2]). (c) Survival, if active females were
found in numbers lower than the initial population used for inoculation. (d) Failure, when
no nematodes were found at the end of the experiment.

2.3. Preliminary Experiment with Xiphinema israeliae and Xiphinema index in Cups Planted with
Fig in Growth Room

Plastic cups of 100 mL (28 in total) filled with alternate layers of coarse and fine sand,
containing a single fig seedling (Figure 1b), were inoculated with 1–5 specimens (females
or juveniles) of X. index (20 cups) and 2–10 specimens (females or juveniles or both in equal
numbers) of X. israeliae (8 cups). They were slightly watered with a washing bottle when
the plants started indicating wilting symptoms and maintained in the growth room for five
months (20–28 ◦C). Specimens of X. israeliae from population 138 were used for inoculations.
Nematodes were extracted after a five-month period as described above and counted, with
the aim of investigating the ability of the nematode to develop and reproduce on fig.

2.4. Experiments with Olive and Fig Seedlings in Pots in Growth Room
2.4.1. Xiphinema israeliae

Four 1.5 L plastic pots were filled with alternating layers of the field soil (popula-
tion 138, collected in December 2019) and thin layers of gravel to ensure sufficient drainage.
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The field soil had been previously sieved through an 8 mm sieve to remove stones. Based
on the nematode density in field soil, it is estimated that in each pot, 30–40 nematode
specimens (ca.10–15 females and 15–30 juveniles) were present. An olive plant was planted
in each pot, and the plants grew in the growth room for six, eight or 10 months (20–28 ◦C).

One plastic pot of 1.5 L, filled with alternate layers of fine sand and thin layers of gravel
and planted with olive, was inoculated with 40 specimens (10 females and 30 juveniles)
and another one with seven specimens (3 females and 4 juveniles) extracted from the field
soil (population 138) and left to grow for 10 or 11 months (20–28 ◦C).

Further inoculations were carried out at different dates on olives grown in 1.5 L
pots, in the period 2020–2021, when adult nematodes from samplings were available
(Table 1); females only were exclusively used for inoculation, as males were not found in
any sampling.

Table 1. Reproduction factor (Rf) values of Xiphinema israeliae population 138 originating from the
field and developing in pots planted with olive and fig kept in a growth chamber.

X. israeliae Population 138

Nematodes from Field (5 Pots for Olive, 12 Pots for Fig) Nematodes from Pot Culture (8 Pots for
Olive, 3 Pots for Fig)

Complete Life
Cycle

Egg Laying,
Development Survival Failure Complete Life

Cycle
Egg Laying,

Development

Olive Fig Olive Fig Olive Fig Olive Fig Olive Fig Olive Fig
Pots a 1/5 3/12 2/5 6/12 1/5 1/12 1/5 2/12 2/8 2/3 6/8 1/3

Months 12 9–10 12 4–12 12 7 12 7–12 12 12 10–12 12
Pi 10 5–15 10 10 5 10 10 3–10 15 9–18 6–25 4
Rf 23.1 4–8.5 0.5–1 0.7–6 0.4 0.1 - - 5.3–11.5 0.8–6.4 0.7–4 0.5
Pf

females 52 6–20 2–4 1–5 2 1 - - 21–35 10–41 3–11 0

a Pots: number of pots/total number of pots; Pi: initial nematode population per pot by females; Pf: final
nematode population (females and juveniles) per pot excluding number of weak and with translucent body
females; Rf = Pf/Pi: reproduction factor; Pf females: final population of females per pot indicating completion of
life cycle if Pf females > Pi. Two values separated by dash indicate range of minimum and maximum values.

Fig plants grown in 250 mL or 1.5 L pots were inoculated exclusively with females.
Based on the results of the olives grown in pots filled with field soil, the olives were
uprooted after a period of 12 months (24–26 ◦C), while the figs were uprooted after a period
of 4–12 months. The figs that grew for a 4–6-month period had been planted in 250 mL
pots (20–28 ◦C), while those that grew for longer periods were in 1.5 L pots (24–26 ◦C).

The inoculations on olive and fig with the three nematode populations, originating
from the field, were as follows: (a) population 138 used to inoculate five olives and twelve
figs, (b) population 94 used to inoculate five olives and four figs and (c) population 95 used
to inoculate three olives and four figs.

To confirm that the females that were laid and developed in pots were able to re-
produce, extracted females from the pot substrate from some of the previous pots were
inoculated again on olive and fig plants and monitored as described before. The inocula-
tions on olive and fig seedlings, with females of the three nematode populations originating
from pots, were as follows: (a) population 138 used to inoculate eight olives and three
fig seedlings, (b) population 94 used to inoculate one olive and (c) population 95 used to
inoculate one olive and one fig.

2.4.2. Xiphinema index

Three pots of 1.5 L, filled with alternating layers of fine sand and gravel and planted
with olive, were inoculated with ten females of X. index and grew for eight to ten months
(24–26 ◦C). Four further olives were inoculated with ten females of X. index each and grew
for one year (24–26 ◦C). Plastic pots of 250 mL, filled with alternating layers of fine sand and
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coarse sand and planted with fig seedlings, were inoculated with X. index as follows: Two
pots were inoculated with 10 females of X. index and grew for four months (24–26 ◦C), and
one pot was inoculated with 15 females of X. index and grew for four months (24–26 ◦C).
Two pots of 1.5 L planted with fig seedlings were inoculated with three females of X. index
each and grew for 12 months (24–26 ◦C).

2.4.3. Xiphinema italiae

Olive and fig seedlings in 1.5 L pots (five per each plant species) were inoculated with
20 females of X. italiae and grew for seven months (24–26 ◦C).

2.5. Experiments with Xiphinema israeliae and Xiphinema index in Pots with Fig Outdoors

Figs originating from rooted cuttings and planted in 1.5 L plastic pots growing out-
doors, under a shelter, were inoculated with 20 females (three pots) and 20 juveniles
(one pot) of X. israeliae, from population 138, which was collected from the field in March
2020. Four pots were each inoculated with 20 females of X. index. The plants were uprooted
after six- and seven-month periods (March–November 2020) from nematode inoculation.

3. Results
3.1. Preliminary Experiment with Xiphinema israeliae and Xiphinema index in Cups Planted with
Fig in a Growth Chamber

Of the 28 plants in the 100 mL plastic cups, 23 survived (18 inoculated with X. index
and 5 inoculated with X. israeliae) and were checked for the presence of nematodes after
five months of incubation. In the case of X. index, nematodes were found only in one plant
inoculated with one female, where 17 juveniles were found (first, second and third life
stages), indicating that the female laid eggs and the juveniles were able to molt. In the
case of X. israeliae, nematodes were found in three plants. In one plant inoculated with
five females, there was found only one female, which had a translucent body and moved
sluggishly and was probably one of the originally inoculated females. In another plant
inoculated with three females and three juveniles, two active females were found after five
months, which were either those original inoculated or derived from the juveniles. Finally,
in the third plant inoculated with 10 females, 27 juveniles (of three different stages) and
3 active females were found. This indicates that fig is a suitable host for X. israeliae, since
the females laid eggs and the juveniles were able to develop and molt. However, it is not
known whether the females were newly developed inside the pot or correspond with those
originally inoculated.

3.2. Experiments with Olive and Fig in Pots in a Growth Chamber
3.2.1. Xiphinema israeliae
Olive

Xiphinema israeliae population 138
Two olives that grew in pots filled with field soil (ca. 10–15 females and 15–30 juveniles

per pot) were uprooted after six months. The Rf ranged from 0.6 to 1.0 (9–10 females and
17–22 juveniles), indicating that the nematode density did not change significantly. One
pot was checked after eight months, and the Rf ranged from 2.1 to 2.8 (28 females and
57 juveniles), but based on the number of females, it cannot be proved that the nematode
completed a life cycle. However, the increase in the number of females indicates that
juveniles molted. From the last pot, which was checked after ten months, the Rf was
estimated as from 11.2 to 14.9 (70 females and 377 juveniles). Since in this case the number
of females exceeded the initial population, composed by females and juveniles, it is proved
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that the nematode successfully completed a life cycle in a period more than eight and less
than ten months in these experimental conditions.

When nematode inoculation was performed with both females and juveniles in two
pots, it was considered that a life cycle was completed when the number of females in the
final population exceeded the total number of the initial population composed of females
and juveniles. From the two pots inoculated with females and juveniles, the results were
as follows: pot (1), where the Pi was composed of 10 females and 30 juveniles, the Pf was
16 females and 24 juveniles, which is an indication of nematode juvenile development to
females, since the number of females in Pf exceeds the number of females in Pi in a period
of ten months; pot (2), where the Pi was composed of 3 females and 4 juveniles, the Pf was
found to be 10 females and 21 juveniles, indicating that the nematodes also completed a
life cycle in a period of 11 months.

The results from the nematode inoculation of olives with females originating from the
field and from pots are presented in Table 1. In the five pots inoculated with nematodes
originating from the field, in a rate of 5–10 female nematodes per pot, the results were as
follows: (a) in one case the nematode completed a whole life cycle (Rf = 23.1) in a one year
period; (b) in two cases, egg laying and nematode development occurred (Rf = 0.5–1), since
at least one juvenile and various juvenile life stages were found; (c) in one case, two active
females were found out of the five inoculated, indicating a one year period of nematode
survival; and (d) in one case no nematodes were found.

In the case of the eight pots inoculated with females originating from pots, in a rate of
6–25 females per pot, the results were as follows: (a) in two cases, the nematode completed
a whole life cycle (Rf = 5.3–11.5) in a one-year period; (b) in six cases, egg laying and
nematode development occurred (Rf = 0.7–4), since juveniles of various stages were found.

Xiphinema israeliae population 94
Results are presented in Table 2. For nematodes originating from the field and inocu-

lated at a rate of 10–50 females per pot, out of the five pots the results were as follows: (a) in
four cases egg, laying and nematode development occurred (Rf = 0.2–1), since juveniles of
various life stages were found; (b) in one, case five active females, out of the ten originally
inoculated, were found, indicating a one-year period of nematode survival.

Table 2. Reproduction factor (Rf) values of Xiphinema israeliae population 94 originating from the field
and developing in pots planted with olive and fig kept in a growth chamber.

X. israeliae Population 94

Nematodes from Field
(5 Pots for Olive, 4 Pots

for Fig)

Nematodes from Pot
Culture

(1 Pot for Olive)

Egg Laying, Development Survival Complete Life Cycle

Olive Fig Olive Olive
Pots a 4/5 4/4 1/5 1/1

Months 12 12 12 12
Pi 10–50 14–50 10 2
Rf 0.2–1 0.07–2 0.5 3

Pf females 1–27 6–43 5 5
a Pots: number of pots/total number of pots; Pi: initial nematode population per pot by females; Pf: final
nematode population (females and juveniles) per pot excluding number of weak and with translucent body
females; Rf = Pf/Pi: reproduction factor; Pf females: final population of females per pot indicating completion of
life cycle if Pf females > Pi. Two values separated by dash indicate range of minimum and maximum values.

One pot was inoculated with two females originating from pots, and a life cycle was
completed (Rf = 3) within a period of one year.

Xiphinema israeliae population 95
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Results are presented in Table 3. For nematodes originating from the field and inocu-
lated at a rate of 25–30 females per pot, out of three pots the results were as follows: (a) in
one case, the nematode completed a whole life cycle (Rf = 8.4) in a one-year period; (b) in
one case, egg laying and nematode development occurred (Rf = 0.5), since juveniles of
various life stages were found; (c) in one case, 16 active females, out of the 25 originally
inoculated, were found, indicating a one-year period of nematode survival. One pot was
inoculated with 18 females originating from pots, and a life cycle was completed (Rf = 4.0)
within a period of one year.

Table 3. Reproduction factor (Rf) values of Xiphinema israeliae population 95 originating from the field
and developing in pots planted with olive and fig kept in a growth chamber.

X. israeliae Population 95

Nematodes from Field (3 Pots for Olive, 4 Pots for Fig) Nematodes from Pot Culture
(1 Pot for Olive, 1 Pot for Fig)

Complete
Life Cycle Egg Laying, Development Survival Complete Life Cycle

Olive Olive Fig Olive Olive Fig
Pots a 1/3 1/3 4/4 1/3 1/1 1/1

Months 12 12 12 12 12 12
Pi 30 25 7–30 25 18 8
Rf 8.4 0.5 0.4–2.3 0.6 4 8.8

Pf females 32 5 6–20 16 45 21
a Pots: number of pots/total number of pots; Pi: initial nematode population per pot by females; Pf: final
nematode population (females and juveniles) per pot excluding number of weak and with translucent body
females; Rf = Pf/Pi: reproduction factor; Pf females: final population of females per pot indicating completion of
life cycle if Pf females > Pi. Two values separated by dash indicate range of minimum and maximum values.

Fig

Xiphinema israeliae population 138
The results from the inoculation of fig with females originating from the field and from

pots are presented in Table 1. In the case of the 12 pots inoculated with females originating
from the field, with a rate of 5–15 females per pot, the results were as follows: (a) in three
cases, the nematode completed a whole life cycle (Rf = 4.0–8.5) in a 9–10 month period;
(b) in six cases, egg laying and nematode development occurred, since juveniles of various
life stages were found in a period of 4–6 months and in a period of 12 months (Rf = 0.7–6.0);
(c) in one case, one active female, out of the ten originally inoculated, was found, indicating
a 7-month period of nematode survival; (d) in two cases, no nematodes were found after
periods of 7 and 12 months.

In the case of the three pots inoculated with nematodes originating from pots, in a
rate of 4–18 females per pot, the results were as follows: (a) in two cases, the nematode
completed a whole life cycle (Rf = 0.8–6.4) in a one-year period; (b) in one case, egg
laying and nematode development occurred (Rf = 0.5) since juveniles of various life stages
were found.

Xiphinema israeliae population 94
Results are presented in Table 2. For nematodes originating from the field and inoc-

ulated at a rate of 14–50 females per pot, in all the four pots egg laying and nematode
development occurred (Rf = 0.07–2.0), since at least one juvenile and juveniles of various
life stages were found.

Xiphinema israeliae population 95
Results are presented in Table 3. For nematodes originating from the field and in-

oculated at a rate of 7–30 females per pot, in all the four pots egg laying and nematode
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development occurred (Rf = 0.4–2.3), since juveniles of various life stages were found. One
pot was inoculated with eight females originating from pots, and a life cycle was completed
(Rf = 8.8) within a period of one year.

3.2.2. Xiphinema index
Olive

From the seven pots inoculated with ten females of X. index each and checked after a
8–12 month period, active nematodes were recovered from four pots as follows: (a) four
females in one pot after eight months; (b) one female in one pot after nine months; (c) one
female and two juveniles of different life stages (Rf = 0.3) in one pot after ten months;
(d) one pot with one female after one year; and (e) three pots without the presence of
nematodes after one year.

Fig

The nematodes reproduced successfully and completed a life cycle within a four-
month period with an Rf = 3.8 in one pot inoculated with ten females. In the pot inoculated
with 15 females, a life cycle was also completed with an Rf = 58 in a four-month period. In
the two pots that were inoculated with three females and uprooted after one year, the Rf
values were quite high (217 and 411). In all cases, terminal root galls caused by the feeding
of X. index were observed (Figure 1e).

3.2.3. Xiphinema italiae
Olive

Two females per pot were recovered from four out of the five pots inoculated with
20 females each.

Fig

Two females were found in three pots, one female in one pot and six females in one
pot out of the five pots inoculated with twenty females each.

3.3. Experiments with Xiphinema israeliae and Xiphinema index in Pots with Fig Outdoors

Two fig plants inoculated with X. israeliae were uprooted after six months (March–
September 2020). From the one inoculated with 20 juveniles, only 1 active juvenile was
found, while from the one inoculated with 20 females no active specimens were found. Two
other pots that were inoculated with twenty females were uprooted after seven months; in
one pot two active females and juveniles of all life stages were found, while in the other
pot three active females and seven active juveniles of all life-stages were found, indicating
nematode reproduction and development in both cases. In contrast, X. index increased in
the four pots after six and seven months, respectively, with an Rf ranging from 11.5 to 22.5,
and it completed a life cycle (45–130 females).

4. Discussion
Host suitability to plant-parasitic nematodes can be evaluated by determining their

reproduction on plants after experimental inoculations [1]. The reproduction factor (Rf)
has been widely used in nematological studies to define the resistance and susceptibility
of plants to a nematode [10]. When a compatible host–parasite interaction has been es-
tablished by a nematode, infection of the plant can be followed by the reproduction of
the nematode species [11]. The life cycle and host range of Xiphinema israeliae are fairly
unknown. Attempts to culture this nematode on grapevine and citrus in a greenhouse
environment indicated that the nematode multiplied slightly, but after nine months the
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life cycle was not completed [2]. There are no details on the culturing conditions, but the
authors characterize both host plants as “unfavorable” [2].

The work described herein was an attempt to investigate whether this nematode can
be reproduced on olive and fig seedlings in pots, under controlled conditions. The main
difficulty was to obtain a sufficient number of active and vital non-gravid females from the
field for inoculating plants in pots. For that, several samplings were conducted. Therefore,
plants were inoculated whenever a limited nematode inoculum was available.

The culturing of X. index in quite small pots with a good host (fig and grapevine)
and inoculated with single females is feasible but with variations in the survival and
reproduction rate; some females do not survive, and these which are able to reproduce
vary in the number of progenies they lay [8,12,13]. In our work, in an attempt to culture
X. index and X. israeliae in 100 mL plastic cups, planted with fig seedlings, a high percentage
of plants survived. However, the ability of X. index to reproduce was quite low; only in
1 out of 18 plants were juvenile life stages found, despite each plant being inoculated with
4–5 specimens. For X. israeliae, the females laid eggs and juveniles developed only in one
out of five pots.

Also, in the X. israeliae population 138 experiment on olive grown in field soil, it is
not known whether the field soil contained eggs, and therefore, the initial population of
30–40 nematode specimens (10–15 females and 15–30 juveniles) per pot may have been
underestimated. However, even in this case, egg hatching would influence the number
of juveniles recovered and not of females within the ten months period, when the plant
was uprooted. Since the number of females was 4.7–7.0-fold that of the initial nematode
population, there is strong evidence that the nematodes completed a whole life cycle.

The experiments in 1.5 L pots proved that X. israeliae has a parthenogenetic reproduc-
tion. In the original description of X. israeliae [2], the presence of males was mentioned.
However, in the 12 populations which were found in wild and cultivated olives in Crete,
Greece, males were found only in one case [3,4]. The three populations used in this study
came from areas where males were not found in earlier and in recent samplings. Further-
more, this study indicates that the nematode has a long life cycle, which may take at least
ten months in olive and fig, in temperatures of 20–28 ◦C and 24–26 ◦C. Summing up the
results of the three X. israeliae populations tested in the growth room, in 19 out of the 23 pots
with olive and in 21 out of the 24 pots with fig, the nematode reproduced and juvenile life
stages developed, indicating that both plants are potential suitable hosts for X. israeliae.
The life cycle was completed in six cases for olive and fig and took more than nine months.
However, the nematode reproduction was quite low. The reasons for the slow increase in
the nematode population may be attributed either to the culturing conditions (e.g., the fine
sand in pots may not provide a favorable environment) or to the nematode biology (e.g., the
nematodes may have a low rate of egg laying). Moisture fluctuations and drenching with a
nutrient solution have been found to affect the multiplication of longidoridae in pots [14].
A nutrient solution was not applied in any pot with olive and fig in our experiments. The
temperature fluctuation in the growth chamber was low in most cases (24–26 ◦C), and that
probably did not have any negative effect on nematode biology. In contrast, in the four
figs that grew outdoors the temperature fluctuated, but despite that, signs for nematode
development and reproduction were recorded. Another point that is demonstrated in this
research is that X. israeliae females have a long living period, at least a one year survival.
In 3 out of the 23 olives and in 1 out of the 24 figs, active females without juveniles were
found, and these were probably the original females used for inoculation that survived and
were active for 7–12 months.

In contrast with X. israeliae, X. index had a population decrease in olive, as has been also
demonstrated [7]. Low reproduction rates (Rf = 0.4–1.2) have been recorded for X. index in
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olive in pot tests, but even these do not demonstrate that olive is a good host [15]. The life
cycle of X. index on fig seedlings was completed in less than sixteen weeks at 22 ◦C [7,12,16].
This agrees with our results, where X. index completed a life cycle in the growth chamber
in less than a period of four months and outdoors under a shed in less than six months.

Xiphinema italiae did not reproduce on olive and fig as after seven months, no juvenile
life-stages were found, and the original inoculated population of females decreased to
70–90%. For this nematode, there are only a few studies indicating that this species repro-
duces on grapevine in pots [6,17] and completes a complete life cycle in less than six months
at 28 ◦C [6]. The presence of X. italiae in the rhizosphere of olives in Crete, Greece [3,4] and
Spain [18] indicates that either it feeds and reproduces on weeds or occasionally on olive.
Probably, the substrates used for the pots and the growing conditions (e.g., moisture) were
not appropriate for the nematode’s development and reproduction in olive in pots.

The culturing of longidorid nematodes in the lab is an invaluable and crucial resource
for studies related to biology, molecular biology and virus transmission, since field sites
with nematodes may be at an inconvenient distance or subjected to adverse weather
conditions [19]. However, only a few species of Xiphinema have been successfully cultured
in pots. At the Scottish Crop Research Institute, large containers of 200 l filled with alternate
layers of washed coarse river sand and field soil kept at 20 ◦C in a greenhouse were used for
culturing certain Xiphinema and Longidorus species by planting appropriate host plants [19].
With this method, only three virus vectors Xiphinema species, X. index, X. diversicaudatum
and X. vuittenezi, have been successfully maintained [19]. Two of the X. americanum-group
species from Senegal, a population of X. ifacolum from Sierra Leone and a population of
X. vulgare from Florida have been successfully cultured in pots [20–22]. Accordingly, to our
knowledge, there is not any report of any other species of Xiphinema, except these seven
mentioned previously, that can be successfully cultured in pots.

Our results indicate that olive and fig are suitable hosts for culturing X. israeliae,
although the rate of nematode reproduction was low. Specific root damage was not
observed on either olive or fig in all cases of nematode development and reproduction. The
nematode was found in the rhizosphere of olives in Crete [3,4], but it is not known whether
it feeds preferentially and reproduces on herbaceous plants naturally occurring among
olive trees. By ensuring a high population level of the nematode, after a long period (a
few years) of growth in pots with olive and fig, sufficient vital specimens can be obtained
for further studies on the host range of the nematode and the possibility of its ability for
virus transmission.

5. Conclusions
In summary, the results obtained in this research indicated that olive and fig are

suitable hosts for X. israeliae, since juveniles of various life stages were found in plants
inoculated exclusively with females, although the rate of nematode reproduction was low.
It was also proved that X, israeliae has a parthenogenetic reproduction and a long life cycle,
from female to female, taking more than nine months at a 24–26 ◦C temperature to complete.
Xiphinema index, which was used as a control, reproduced successfully in fig but not in
olive. In contrast, Xiphinema italiae did not reproduce on olive and fig after a seven-month
period. The potential of fig and olive to culture X. israeliae gives the opportunity for further
studies of its biology and host range.
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