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The reniform nematode, Rotylenchulus macrosoma,
infecting olive in southern Spain
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Summary – Severe root infection of wild olive (Olea europea L. ssp. sylvestris), together with heavy soil infestation by the reniform
nematode Rotylenchulus macrosoma, was detected in a natural wild olive orchard on sandy soil in Cádiz province, Andalucía, southern
Spain. Most, but not all, of the morphometric characters of this population agreed with those reported for immature and adult females
and males in previouslystudied populations.Sedentary immature and mature females showed a semi-endoparasiticfeeding habit in wild
and cultivated olives (cvs Arbequina and Picual). Naturally infected roots of wild olive responded to nematode infection identically to
arti� cially infected olive planting stocks. The feeding site induced by R. macrosoma on olive roots consists of a stelar syncytium, which
originates from an endodermal cell enlarging by a curved sheet of pericycle cells formed by hypertrophy of pericycle cells adjacent to
the feeding cell. There were obvious anatomical differences between the feeding sites induced by R. macrosoma and R. macrodoratus
on olive roots.
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Reniform nematodes (Rotylenchulus spp.) are semi-
endoparasites of roots of herbaceous and woody plants,
mainly in tropical and subtropical regions throughout the
world. Currently, three Rotylenchulusspecies are reported
as parasites of woody plants, i.e., R. anamictus on Aca-
cia sp. (Dasgupta et al., 1968), R. macrodoratus on grape
(Vitis vinifera L.) (Dasgupta et al., 1968), olive (Olea eu-
ropaea L.) (Vovlas & Inserra, 1976), and pistachio (Pista-
cia vera L.) (Vovlas, 1983), and R. macrosoma on olive
(Cohn & Mordechai, 1988). Additional studies indicate
that the host range of R. macrosoma includes a number of
vegetable crops, including tomato (Lycopersicon esculen-
tum Mill.), peanut (Arachis hypogaea L.), bean (Phase-
olus vulgaris L.), corn (Zea mays L.), potato (Solanum
tuberosum L.) and soybean (Glycine max (L.) Merr.). This
species has been reported previously in Israel and Syria
(Cohn & Mordechai, 1988; Sikora & Greco, 1990) and
the host response was � rst studied on soybean (Cohn &
Mordechai, 1988). However, there was no information on
the geographical distribution outside those areas nor on
the histopathological response of woody hosts.
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Nematode surveys undertaken in May 2000 and June
2001 in natural wild olive (Olea europea L. ssp. sylvestris
(Miller) Hegi) orchards in southern Spain revealed se-
vere feeder root infections and heavy soil infestations by
R. macrosoma. This is the � rst recorded infection of wild
olive by this reniform nematode outside the Middle-East.
Therefore, the objectives of this paper were: i) to describe
and characterise the populationof R. macrosoma infecting
wild olive at southern Spain, giving additional morpho-
metric data for adult females; ii) to study the host-parasite
relationships; and iii) to determine the reproduction of R.
macrosoma on wild and cultivated olive (cvs Arbequina
and Picual).

Materials and methods

NEMATODE DIAGNOSIS

Samples of wild olive feeder roots, together with rhi-
zosphere and bulk soil, were taken from the upper 20-
30 cm of soil in a wild olive orchard, more than 80
years old, at Vejer, Cádiz province, southern Spain. Ma-
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ture females were collected directly from the sampled
roots while motile stages (including eggs, males, imma-
ture females and juveniles) were extracted from soil by
centrifugal-� otation (Coolen, 1979). For morphological
and diagnostic studies, specimens were killed by gentle
heat, � xed in a solution of 4% formaldehyde + 1% pro-
pionic acid, and processed to pure glycerin according to
Seinhorst (1966). Measurements were made using a cam-
era lucida attached to a light microscope.

HISTOPATHOLOGY

Infected roots from naturally infected wild olive trees
sampled at Vejer and from arti� cially infected cultivated
olive planting stocks (cvs Arbequina and Picual, repre-
sentative of the major cultivars grown in Spain) were se-
lected for histopathological studies. Roots were gently
washed free of adhering soil and debris, and individual
segments were � xed in a formaldehyde chromoacetic so-
lution for 48 h, dehydrated in a tertiary butyl alcohol se-
ries (40-70-85-90-100%)and embedded in 58±C melting
point paraf� n wax. Sections 12-15 ¹m thick were cut
from embedded material, mounted on plan slides, stained
at room temperature with 1% aqueous saffranin for 10 h
and 0.5% fast green in eugenol and 100% ethanol (1 : 1)
for 30 s, and mounted permanently in dammar xylene
(Johansen, 1940). Selected sections were examined and
micro-photographed and illustrated.

REPRODUCTION OF R. MACROSOMA ON WILD AND

CULTIVATED OLIVE PLANTING STOCKS

To study the reproduction of R. macrosoma on wild
and cultivated olive planting stocks, this population in
original infested soil was increased on tomato (cv. Roma)
in a growth chamber at 25 § 1±C. Three months after
inoculation, the free-living stages of the nematode (eggs,
juveniles, immature females and males) were extracted
from soil by centrifugal-� otation (Coolen, 1979). For
inoculum, nematode concentrations of free-living stages
were determined in ten 1 ml aliquots. Males were not
considered because they apparently do not feed, and
remain vermiform and free in the soil.

Single 6-month-old wild and cultivated olive planting
stocks were transplanted into 15 cm diam. clay pots
containing 0.5 dm3 of autoclaved potting mixture. Plants
were infected by adding 125 free-living stages (Pi) in
5 ml of sterile distilled water around the root ball of each
plant at transplanting. The number of nematodes used
to infect the olive plants was similar to that occurring

naturally in wild olive orchards infested by the nematode.
Plants were grown in the same conditions as above.
Plants were watered on alternate days with 100 ml of
water and fertilised weekly with 100 ml of a nutrient
solution (Hoagland & Arnon, 1950). Treatments were
replicated six times in a randomised complete block
design. After 3 months, roots of each plant were washed,
mature females attached to the olive roots were collected
and eggs, juveniles, males, immature and mature females
were extracted from soil and roots by centrifugal-� otation
(Coolen, 1979).

Data were analysed using Statistix (NH Analytical
Software, Roseville, MN, USA), subjected to analysis of
variance (ANOVA) and treatment means were compared
using Fisher’s protected least signi� cant difference test
(LSD) at P D 0:05. All data on nematode population
density (x/ were transformed into log10.x C 1/ (Gomez
& Gomez, 1984) before analysis.

Results

NEMATODE DIAGNOSIS

Nematode populations (eggs, juveniles, immature fe-
males and males) detected in naturally infested soil ranged
from 25 to 50 specimens/100 cm3 of soil. A large, gelati-
nous matrix covering the adult female was present at the
root surface, containinga limited number of eggs (ranging
from 0 to 25), juveniles, and occasionally males (0 to 2).
Young and adult females were observed partially embed-
ded in the wild olive-root tissues.

Detailed morphometric observations based on imma-
ture, mature females and males of this population are pre-
sented in Table 1 and illustrated in Fig. 1.

HISTOPATHOLOGY

Comparative histological observation of healthy
(Fig. 2A, B) and R. macrosoma-infected (Fig. 2C-I) olive
roots showed cellular alterations in tissues of the endoder-
mis, pericycle and vascular parenchyma induced by the
nematode.The infective stage of R. macrosoma penetrates
the cortical cell layers of the root and stops penetration at
an endodermal cell where it induces the feeding cell. Con-
sequently, a syncytium is formed by hypertrophy of peri-
cyclic cells adjacent to the feeding site (Fig. 2). Feeding
cell and syncytial cells are uninucleate, have granular cy-
toplasm with hypertrophied nuclei and nucleoli (Fig. 2I).
Females were embedded among disrupted cortical cells,
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Table 1. Morphometric data (in ¹m, means § sd and (range)) of immature and mature females and males of Rotylenchulus macrosoma
naturally infecting wild olive at Vejer (Cádiz province) southern Spain.

Immature Male Mature
Female female

n 12 11 8
L 453 § 28 467 § 13 609 § 94

(408-510) (449-495) (476-730)
Stylet length 16 § 1 14 § 1 15 § 1

(15-18) (12-15) (14-16)
DGO 25 § 2 23 § 2 21:8 § 0:4

(22-27) (19-26) (21.5-22.0)
O* 152 § 15 171 § 15 143 § 8

(126-183) (142-188) (138-148)
Pharynx length to valve 118 § 6 101 § 18 –

(109-128) (91-133) –
Pharynx total length 161 § 15 125 § 13 107 § 2

(138-181) (110-157) (105-108)
Pharyngeal overlap 46 § 14 27 § 8 23 § 3

(23-62) (20-36) (20-26)
Anterior end-excretory pore 91 § 3 89 § 4 –

(85-98) (81-96) –
Maximum body width 15 § 1 15 § 1 111 § 15

(14-17) (14-18) (95-134)
V or T 62 § 2 33 § 5 62 § 5

(59-64) (25-42) (57-69)
Tail length 34 § 4 34 § 2 30 § 5

(26-40) (30-36) (23-36)
Anal body width 10 § 1 11 § 1 17 § 2

(8-11) (9-12) (14-18)
h** 10 § 1 11 § 2 10 § 1

(9-12) (8-14) (10-12)
Spicules – 22 § 2 –

– (19-25) –
Gubernaculum – 9 § 1 –

– (8-10) –
a 29:8 § 2:1 31:5 § 2:1 5:6 § 0:9

(26.3-34.2) (27.5-34.0) (4.5-7.1)
b 3:9 § 0:3 4:7 § 0:7 –

(3.5-4.4) (3.5-5.2) –
b0 2:9 § 0:3 3:8 § 0:3 5:3 § 0:3

(2.3-3.2) (2.9-4.2) (5.1-5.4)
c 13.5 § 1:3 13:9 § 0:6 19:4 § 3:3

(11.7-16.8) (13.1-15.0) (16.1-24.5)
c0 3:7 § 0:5 3:2 § 0:4 1:8 § 0:5

(2.8-4.4) (2.6-3.9) (1.3-2.5)

* O D distance between stylet base and ori� ce of dorsal pharyngeal gland as percentage of stylet length (Perry et al., 1959)
** h D hyaline portion of tail (Dasgupta et al., 1968)
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Fig. 1. Rotylenchulus macrosoma. A: Anterior, immature female; B: Anterior, male; C, F: Posterior, immature and mature females;
D, E: Posterior, male; G: Mature female.

Fig. 2. Transverse sections of olive roots infected by Rotylenchulus macrosoma, at 2 months after inoculation. A, B: Healthy wild
olive and cv. Picual; C, D: Wild olive showing the nematode in semiendoparasitic feeding position and stelar syncytium formation;
E, F: Olive cvs Picual and Arbequina, showing large egg mass and stellar syncytium; G, H, I: Stelar syncytium (S) showing syncytial
cells with hypertrophied nuclei (hc), stelar distortion and compressed xylematic elements (xy) (C, cortex; E, endodermis; fc, feeding
cells; gm, gelatinous matrix; P, pericycle; V, vascular system).
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usually with the posterior portion protruding through the
root epidermis and the anterior portion perpendicular to
the stele.

REPRODUCTION OF R. MACROSOMA ON WILD AND

CULTIVATED OLIVE PLANTING STOCKS

Both wild and cultivated olives (cvs Arbequina and
Picual) were infected and allowed reproductionof R. ma-
crosoma. Free-living stages (eggs, juveniles, males and
immature females) and mature females in soil and roots,
as well as � nal population and reproduction rate, were
not signi� cantly (P > 0:05/ different among wild and
cultivated olives. Reproduction rates of R. macrosoma
were 2.5, 2.2 and 1.9 times Pi on the wild and two
cultivated olive planting stocks, respectively.

Discussion

The average body length of immature females of our
population (453 ¹m) is somewhat shorter than that of the
type population (520-640 ¹m) (Dasgupta et al., 1968) but
closer to that from Israel (490 ¹m) (Cohn & Mordechai,
1988). Similarly, the stylet length is also shorter (16 vs 18-
22 in the original description and 19.7 ¹m in the Israeli
population). The mature females are similar in general
morphology to those affecting olive in Israel (Cohn &
Mordecahi, 1988). Morphometric data are provided for
the � rst time for females to expand the scant published
data (Cohn & Mordechai, 1988).

Our histological studies revealed that wild and culti-
vated (cvs Arbequina and Picual) olive planting stocks
had a typical susceptible reaction to infection by R. ma-
crosoma. The stellar syncytiuminduced in olive roots was
similar to that in soybean (Cohn & Mordechai, 1988). The
feeding behaviour of R. macrosoma and disease response
on olive roots also resembled that observed for R. reni-
formis (Rebois et al., 1975), R. borealis (Vovlas & In-
serra, 1982) and R. parvus (Vovlas et al., 1985). How-
ever, the feeding behaviour of R. macrosoma and associ-
ated host response on olive markedly differed from that
of R. macrodoratus which, in all seven hosts examined so
far (including olive), induces a single, greatly hypertro-
phied uninucleate nurse cell of endodermal origin (Cohn
& Mordechai, 1977; Inserra & Vovlas, 1980).

Results on the reproduction of R. macrosoma on wild
and cultivated olive planting stocks agree with observa-
tions by Dasgupta et al. (1968) and Cohn and Mordechai
(1988) who found natural infections of R. macrosoma in

cultivated olive orchards. In addition, our results indicate
that wild olive (commonly used as rootstock in the olive
industry of the Mediterranean region), as well as the im-
proved cvs Arbequina and Picual that are grown on their
own rootstocks, are good hosts for this nematode.

The geographicaldistributionof this nematode in Spain
is limited to a small area of sandy soils in the province of
Cádiz. Although information on plant damage is lacking
and there are no records in commercial olive nurseries in
Andalucia (Nico et al., 2002), potential damage of this
nematode might be considered in the irrigated sandy soils
of the GuadalquivirValley of Andalucia where many new
olive plantations are established. Therefore, precaution-
ary regulatory measures are desirable to prevent spread
of R. macrosoma into olive nurseries and new olive plan-
tations in southern Spain, since reniform nematodes are
favoured by the moderately high temperatures and moist
environment prevailing in these soils (Robinson, 1994).
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