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LIFE STAGES IDENTIFICATION AND EMBRYOLOGY OF THE VIRUS-VECTOR
NEMATODE XIPHINEMA INDEX

N. Vovias and A. LARIZzZA

Summary. Xiphinema index life stages are illustrated and differentiated on the basis of body length and, functional and replacement odon-
tostyle. The length of the replacement odontostylet on one stage corresponds to the length of functional odontostylet of the previous stage.
Odontostyle length increased from 49+4.6 (38-55) um for the first stage juveniles to 135+2.8 (128-138) um for the female and male with a
growth rate of 61%, 35%, 30% and 13% compared to the previous stage for J,, J3, J4 and adults respectively. X. index completes embryogen-
ic development in 10-12 days at 2442 °C. The embryogenic development starts shortly after egg laying and the 2- and 4-cell stages are
reached after 22% of the total embryogenic development time. Thereafter divisions are more rapid, with gastrulation and juvenile after
about half (57%) of the total developmental time. The juvenile moves actively during elongation (s-stage phase) which is followed by 2-3
days quiescence. Shortly before hatching, activity is resumed and is accompanied by an evident flexibility of the egg membrane.

In spite of its importance as a natural vector of the
grapevine fanleaf nepovirus (GFLV), the life cycle and the
embryogenic development of Xiphinema index Thome et
Allen is not completely known. Moreover, since virus in-
fectivity is lost when vector nematodes moult, a correct
identification of the juvenile stages might be pecessary
during trials of virus transmission. Such identification is
made on odontostyle and replacement odontostyle length.

In this paper we identify the life stages of X. index in
relation to odontostyle formation and the growth rate of
the different juvenile stages and adults. The embryogenic
patterns were also studied to determine the intervals
between egg laying and hatching of the first stage juvenile
in a water-agar medium.

Materials and methods

Xiphinema index populations were cultured on fig (Fi-
cus carica L.) under glasshouse conditions at 24-26 °C,
Eggs, juveniles and adults were extracted from the soil by
magnesium sulphate centrifugation (Coolen, 1979). Stage
identification was done on nematodes extracted from soil,
killed by gentle heat and fixed in 4% formaldehyde + 1%
propionic acid, then dehydrated and permanently pre-
pared according to Seinhorst’s rapid method (Seinhorst,
1962).

Eggs used in this study were obtained from soil or laid
in 2% water-agar directly by gravid females. Embryogenic

development was studied in Petri dishes (with 2% water-
agar) maintained at room temperature 22-24 °C, examined
and observed every 12 hours and microphotographed.

Terminology of the differents parts of the spear (stylet)
is according to Coomans and De Coninck (1963), using
the term odontostyle for the functional anterior part of the
spear, odontophore for the basal portion and replacement
odontostyle for that which is present in the oesophagus of
juvenile stages and will become functional after moulting.
The abbreviations J;, J, J3, J are used throughout the text
and tables to denote the first, second, third and fourth
juvenile stages, respectively.

Results and discussion

Morphometric and allometric characters regarding the
process of spear development at different stages of X. in-
dex, directly extracted from the pot culture, are in Table I.

The four juvenile stages were distinguished from each
other on the basis of their body length, tail shape and
length of functional and replacement odontostyle. The
body length of X. index increased from 846171 (760-963)
um for the newly hatched J; juveniles to 31524205 (2716-
3533) um of female. The body length of each motile stage
increased by 41%; 58%; 32%; and 26% compared to that of
the previous stage after the moults of J;, J,, J3, J4 respec-
tively (Fig. 1.

Odontostyle length increased from 49+4.6 (38-55) um
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During each juvenile life stage the replacement odontos-
tyle is stored in the slender part of the oesophagus (Fig. 3).
The length of the replacement odontostyle is similar to the
functional odontostyle in the following life stage (Table D).

Moulting was observed on 45 juveniles placed in water
agar. The exsheathment process in X. index (Fig. 6) does
not differ from that observed in other members of the sub-
family Longidorinae (Radewald, 1962; Lamberti, 1969).

Embryology

Eggs obtained from the soil or from gravid females
were maintained in 2% water-agar in Petri dishes under a
20 mm diameter coverglass for embryogenic studies. The
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Fig. 3 - Oesophageal region of the first juvenile of X. index; s =
functional odontostyle, g = guiding ring, b = odontophore, r = re-
placement odontostyle. Scale bar = 20 um.

developmental patterns of X. index are given in detail in
Fig. 5, and are based on 35 eggs, of which 4 were ob-
served to hatching.

The structure in per cent of egg population of X. index,
under optimum glasshouse conditions (24-26 °C) with fig
as host, in June, revealed that 2% of the eggs were at single
cell-stage; 4% at 2-4 cells-stage; 7% multicellular; 25% gas-
trula; 7% becoming vermiform juveniles; 17% vermiform
juveniles and 38% at fully developed first stage juveniles,

Egg measurements

Intra-uterine eggs (n=10): Length = 17116 (161-179)
um; width = 3213 (25-34) pm; L/W ratio = 5.430.5 (5-6).

Embryonated eggs (n=19): Length = 15444 (149-161) pm;
width = 4532.3 (40-50) pum; L/W ratio = 3.540.2 (3.1-3.8).

Odontostyle of first stage juvenile inside the egg shell =
49+5 (38-55) pum. Fully-formed first stage juveniles folded
3-4 times within the egg shell (Fig. 3).

The single-cell stage (Fig. 4b) can be distinguished by
the single nucleus, which is well-visible in many intra-ut-
erine eggs.

Generally, within 24-72 hours after laying, the single cell
divides into two cells more or less equal in size (Fig. 4e).
Thereafter divisions are very rapid and the 2-4 cells stage is
reached after 22% of the total time of development. The
phases of the subsequent divisions does not seem to be
uniform and no defined pattern of gastrulation was ob-
served. The anterior region of the gastrula stage is pale with
undefined cells, while the posterior region is darker with
small cells with fine and granular content. Development
from single-cell stage to gastrula (Fig. 4f) occupied 4-5 days.

The folded vermiform juvenile occupies the length of
the egg and 48 hours later elongates rapidly, moving ac-
tively and when it has attained approximately two or three
folds the oesophagus begins to differentiate and the odon-
tostyle tip becomes visible in the anterior body portion.
Growth from the twice-folded stage of the juvenile to fully
formed J; (4 folds for X. index) is rapid, taking 21/, days.

In fully-formed juveniles the guiding ring of the primary
odontostyle becomes visible (Fig. 3) and the flanges of the
posterior portion of the odontophore begin to form. In the
first juvenile stage inside the egg the replacement odontos-
tyle is fully-formed 12 days after the first cell division.

For 24-36 hours after its formation, the juvenile contin-
ues to move actively within the egg, and the egg-shell ap-
pears to be flexible; the egg diameter increases slightly,
and a swelling on one side of the egg membrane shortly
before membranes rupture is observed (Fig. 2).

The developmental pattern of our population of X. in-
dex cultured on fig is similar to those described for some
Xipbinema and Longidorus species by Flegg (1968).

The embryogenic period observed (12 days at 24 °C) is
slightly longer than that reported for X. index (about a week)



Fig. 4 - Embryogeny of X. index: a, developmental stages of eggs on water-agar medium; b, single-cell phase; ¢, 2-cells phase just before
the second division; d, 4-cells phase; e, multicellular stage; f, gastrula; g, juvenile becoming vermiform; h, early stage of vermiform juvenile;
h and i, juvenile with developing replacement odontostyle; j, juvenile just before hatching; k and I, anterior end and entire first stage (J;) ju-
venile after hatching in agar. Scale bars: a = 100 pm; b-k = 20 um; | = 50 um.
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Fig. 5 - Time of the development of X. index eggs placed in 2%
water agar Petri dishes at 22-24 °C; L = laying; F = 2-4 cells; M =
multicellular; G = gastrula; L.B.V. = juvenile becoming vermiform;
V.L. = vermiform juvenile; F.F.L/ = fully formed juvenile (a =
active, b = passive, ¢ = active); Od. F = odontostyle formation;
R.Od = replacement odontostyle formation.
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by Radewald (1962) and Fisher (1962). The highly active pe-
riod (2-3 days) of the fully formed juvenile before hatching
in agar plates is about 35% of the total embryogenic devel-
opmental time and is not comparable with Radewald’s and
Fisher’s observations which refer to soil environments.
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Fig. 6 - Exsheathment stages of X. index in juvenile and adult specimens: a, juvenile (J4) specimen emerging from the (J3) cuticle; b, female
anterior body portion into the J4 cuticle; ¢, male posterior body portion into the (J4) cuticle just after fourth moult. Scale bar = 30 pm.
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