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Summary. The life cyclesof Heterodera avenae populations from three cereal growing areas in Spain with mediterranean continental climate,
showed similar biological characteristics to those from other mediterranean countries. Juvenile emergente starts in the autumn. Second
stage juveniles undergo a diapauseof four months,followedby a period,probablyof quiescence
in whichhatchingis possibleif moisture
is suitable. An increase of emergente was observed at the beginning of spring, and was more evident for populations from areaswith the
most extreme climatic characteristics. This can be considered as an adaptation of the nematode to climatic conditions that allow it to
develop in an area in which spring sowing is a frequent culturld practice.

Distribution of Heterodera avenae on cereal crops
throughout the world (Meagher, 1977;Ritter, 1982)has
been possible becauseof its biological adaptation to different environmental conditions. In the Northern European countries with cold winters and temperate summers,
second stage juveniles are dormantduring the winter and
emerge in the spring (Andersen, 1961; Kerry and Hague,
1974;), while in countries with a mediterranean climate
(hot, dry summers and cool winters) dormancy occurs in
summer and juveniles emerge in the autumn (Mezzetti,
1953; Meagher, 1970; Kyrou, 1976).
Rivoal (1978, 1979, 1982, 1983, 1986) has demonstratedthe existenceof two French raceswhich differ in
their biological behaviour (ecotypes). The northern race
(Fr4) has alife cycle similar to that from Northern European countries, and the southern race (Fr1) has a mediterranean lite cycle. The different cycles are maintained even
if populations are transferred to other regions with different climates.
This paper extends our previous work on the lite cycle
of H. avenae(Valdeolivas and Romero, 1986) and attemps
to explain someaspectsof inherentandenvironmentalfactors on its biology.

sites are in a sub-arid mediterranean continet:ltal climate; 1
and 2 are in the area with the most extreme climatic characteristics, 3 and 4 can be considered to be in a subcontinental climate and 5 represents an intermediate climatic situation.
The experiments were done at 'La Higueruela' Experimental Farm in 1983-84, and in the garden of the Instituta Espanol de Entotnologia in Madrid in 1984-85 and
1985-86. Every year, four blocks of 7x7 uralitecylinders
(20 cm long x 6 cm diameter) open at both ends were embedded in steamed sterilised soi! in 50 cm deep plastic
lined holes (Fig. 2). Three blocks were filled with infested
soi! tram the three regions and the other one with uninfested soi! (control). The experiments were situated in an

Materials and methods
Populations of H. avenae W 011.were selected tram
three representative cereal growing areas in the provinces
of Teruel, Sevilla and Toledo (Fig. 1) whose climatic characteristics are shown in Table I. Populations 1 and 3 were
substituted by 2 and 4 after one and two years respectively. According to Font Tullot (1983) alI the sampling

Fig. 1 - Location of sampling sites in the study of lite cycles of
Heteraderaavenaein Spain.
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especially in the population from Teruel, coincided with a
rise of temperature (Valdeolivas and Romero, 1986) and
was probably due to cold winter temperatures in this region inducing a second diapause for part of the juvenile
population. Results for 1986 are insufficient to support
this hypothesis, but even if emergenceis simply delayed,
thislate emergencemeans an adaptation of the nematode
to climatic conditions and allows it to develop in ODearea
in which spring sowing is a frequent cultural practice.
Th~ earlier appearanceof cysts in the population from
Sevilla compared with the other populations may also be
due to an adaptation of the nematode to the growing season of the plant in its originai area, which is at least ODe
month shorter than in the pròvince of Toledo and even
more than in Teruel.
Second stagejuveniles of Spanish populations undergo
a period of seasonaldiapause provoked by inherent factors, from June to the end of September in which they do
not emerge even if environmental conditions are apparently favourable, which agreeswith the results of Rivoal
(1983) for m~diterranean race of H. avenaeFr1. This is
followed by a period (until the end of October), that
should probably be considered as a quiescencewhen J2s
emergeif there is sufficient moisture even at high temperatures, which agreeswith the observations of Greco (1989)
and Meagher (1970).
We thank Mr. C. Lacasta and Mr. A. Duce for their
technical assistance.

Second stagejuveniles first emergedin late October or
early November in all populations, coinciding with temperatures of about 15°C, the start of autumn rains and
sowing time of the wheat crop (Fig. 4). The emergenceof
J2sincreasedto maximumnumberin January or February,
afterwards decreasing, though a new increase, particularly
evident for the population from Teruel was observed at the
middle of March or beginning of April. After this time,
numbers of J2s decreasedabruptly and disappeared; however, some specimensfrom Sevilla and T eruel populations
were exceptionally observed in May in 1986.
Two weeks after the beginning of emergence,J2s were
observed inside the roots, and penetration continued until
the middle of March or even the middle of April depending on the weather occurring during the year. J2s observed
in May in 1986 did not penetrate the roots.
In field experiments in 1986-87,J2s were present in the
roots of the wheat seedlingson 9 October. The crop had
been sown on 15 September in land that had previously
been irrigated when the temperature was 20-27 (23.8°C);
J2s were not found in the soil samplestaken on 21 July, 11
September or 1 October 1987. The rainfall on these occasions was 30.4, O and 10.3 l/m2 respectively and the average temperatures 28, 25.6 and 21.5°C respectively.
The time when J3s and J4s were present in the roots
varied among years, but females always appeared mid
March-early April in all populations and were present until
the middle or end of May. Cysts were first observed in the
populations from Sevilla from the beginning to mid April,
but in the other populations they did not appear until the
end of April or mid May.
The lite cycle ascertained in the field experiments did
not differ from that observed for the population mantained in the uralite cvlinders.

Literature cited
ANDERsEN S., 1961 - Resistens mod havreal Heterodera avenae.
Meddelelse. Kongelige Veterinaer-og Landbrugets Plantekultur, Copenhagen, n. 68, 179 pp.
BANYER R.J. and FISHER J.M., 1971 - Seasonal variations in
hatching of eggs of Heterodera avenae. Nematologica; 17: 225236.
FONT TULLOT I., 1983 - Climatologia de Espafia y Portugal. Instituto Nacional de Metereologia. Madrid, 266 pp.
GRECON., 1981 -l'{atching
of Heterodera carotae and Heterodera
avenae. Nematologica, 27: 366-371.
KERRY B.R. and HAGUE M.G.M.,
1974 - The invasion and development of the cereal cyst-nematode, Heterodera avenae in
the roots of autumn and spring-sown cereals.Ann. appl. Biol.,
78: 319-330.
KYROU N.C.,
1976 Biological notes on Heterodera avenae
Woll., 1924 studied on wheat in CentraI Macedonia. Ann.
Inst. Phytopathol. Benaki, Il: 187-192.
MEAGHERJ. W., 1970 - Seasonal fluctuations in numbers of lar-

Discussion
Each of the populations studied showed a biological behaviour similar to that from the other countries with mediterranean type climate. Second stage juveniles were dormant inside the cysts from June to the end of October or
early November. Hatching began earlier than in other European populations from France (Rivoal, 1978), ltaly
(Mezzetti, 1953) and Greece (Kyrou, 1976). Cysts from
Teruel and Toledo populations were observed at the same
time asin these countries, but occurred much earlier in the
Sevilla population.
Spanish populations behaved similarly to populations
from the South of ltaly (Greco, 1981), They do not require
cold stimulus to initiate hatching of eggsin the new cysts,
unlike those from the South of France (Rivoal, 1983)
which need a temperature of 5-10°C to emerge. This is
why the J2s emerged earlier in the Spanish populations
compared with French population Fr1.
The increase of emergencenear the middle of March,

vae of the cereal cyst nematode (H. avenae) and of Pratylenchus
minyus and Tylenchorhynchus brevidens in sciI. Nematologica,
16: 333-347.
MEAGHERJ.W., 1977 - World dissemination of the cereal- cyst
nematode (Heterodera avenae) and its potential as a pathogen
of wheat. J. Nematol., 9: 9-15.
MEZZETTI A., 1953 - Osservazioni sull'anguiIlulosi dei cereali in

Italia. Annali della Sperimentazione
Agraria, Nuova Serie,7: 743758.

NOMBELA G. and BELLO A.,

1983- Modificacionesal métodode

extraccion de nematodos fitoparasitos por centrifugacion en
azucar. Bol. SenI. Plagas, 9: 183-189.

48

RIVOALR., 1983 - Biologie d'HeteroderaavenaeWollenweber en
France. 111.Evolution des diapausesdes races Fr1 et Fr4 au
cours de plusieurs années consécutives; infIuence de la température. Revue Nématol., 6: 157-164.
RIVOALR., 1986 - Biology of Heteroderaavenaein France. IV.
Comparative study of the hatching cycles of two ecotypes aftertheir transfer to different climatic conditions. Revue Nématql., 9: 405-410.
VALDEOLIVAS
A. and ROMEROM.D., 1986 - The biology of Heteroderaavenaein Spain, pp. 287-290. In: Cyst Nematodes (Eds
F. Lamberti and C.E. Tavlor) Plenum PressoLondon.

RITTERM., 1982 - Importance des nematodes à Kystes des céréales. Bulletin OEPP, 12:307-316.
RIVOALR., 1978 - Biologie d' HeteroderaavenaeWollenweber en
France. I. Di££érencesdans les cycles d'éclosion et de développement des deux races Fr1 et Fr4. Revue Nématol., 1: 171179.
RIVOALR., 1979 - Biologie d'HeteroderaavenaeWollenweber en
France. Il. Etude des di££érencesdans les conditions thermiques d'éclosion des races Fr1 et Fr4. Revue Nématol., 2:
233-248.
RIVOALR., 1982 - Caractérisation de deux écotypescl'Heterodera
avenae en France par leurs cycles et conclitions thermiques
cl'eclosion. Bulletin OEPP. 12: 353-359.

Accepted for publication on 1 June 1990.

149

