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There is little information on the effect of temperature on the 
rate of development and hatching of migratory plant parasitic ne
matode eggs and yet it is essential that this relationship is understood 
and the minimum threshold temperature for development determi
ned if the population dynamics and epidemiology of the nematode 
in the field is to be understood and modelled. Flegg (1968; 1969) in
vestigating the embryology of Xiphinema diversicaudatum (Mico
letzky) Thorne found 25°C to be the optimum temperature for egg 
development while no development occurred at 5°C, and 30°C proved 
lethal. Wyss (1970; 1975) and Yassin (1969) found that Longidorus 
elongatlls (de Man) Thomas et Swanger completed its life cycle in 
nine weeks at 30°C while no egg development was observed at 10 DC. 
Investigations into the effects of temperature on the development and 
hatching of L. elongatus eggs and calculations on the minimum thresh
old temperature for development are reported in this paper. 

Materials and Methods 

Nematodes were extracted using a sieving and decanting techni
que (Boag, 1974) and from those collected gravid L. elongatus were 
taken and added to the roots of Lolium perenne L. seedlings growing 
in 0.75 % agar in sealed petri dishes. These were examined every 24 h 
and eggs which had been expelled from the females were collected 
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and added to micro-containers (Fig. 1). These micro-containers, which 
were similar in concept to the sieves produced by Moriarty (1963) and 
Yeates (1968) were produced from rings 5 mm deep cut from 15 mm 
diameter plastic sample tubes and their tops. The 15 !-tm diameter 
nylon mesh used as a base was stretched between the two rings. Ten 
eggs were placed in each of nine micro-containers which were main
tained in sealed petri dishes containing a piece of filter paper and 
just sufficient water to cover the eggs. These petri dishes were then 
placed in cooled incubators held at intervals from 5 to 35°C. The 
eggs were examined daily for seventy days under a low powered bino
cular microscope and their development stage recorded. Every three 
days the micro-containers were placed on dry filter paper which 
removed the water by capillary action. Fresh, aerated distilled water 
at incubator temperature was then added to the micro-containers 
and the petri dishes, which were resealed to reduce evaporation of 
the water, were returned to their respective incubators. 

Fig. 1 - Transverse section through petri dish and micro-container containing 
nematode eggs. 

To investigate the effect of a regime of fluctuating temperature, 
10 eggs were exposed to a 12 h diurnal rhythm of 10 °C and 20°C. 
The eggs were examined every 24 h and their developmental stage 
recorded. The effect of temperature on the hatching of L. elongatus 
eggs was analysed using the Maximum Likelihood Program (MPL) 
(Ross, 1980). 

Results 

The results indicated that eggs developed and hatched succes
sfully in the nylon based micro-containers. The percentage of eggs 
finally hatching varied with temperature. There was a direct rela-
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tionship between temperature and hatching time (Fig. 2). The equa
tion best fitting the data and accounting for 98.86% of the variability 

162.73 
was the rectangular hyperbola Y (days) = - 8.28. 
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Fig. 2 - Effect of temperature on the times to hatching of Langidarus elan
gatus eggs. 

The mImmum threshold temperature for development and accumu
lated day degrees above the threshold for development to hatching 
were calculated to be 8.28 °C and 162.73 days respectively. The support 
limits (which are similar to the 95% confidence limits) were found to 
range from 7.92 - 8.61 °C for the minimum threshold temperature and 
for the accumulated day degrees 153.10 - 173.04 days. 

Egg development under the fluctuating temperature regime (10 
and 20°C) was similar to that at a constant 15 °C. 
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Table I - The effect of temperature on the percentage hatching success of Lon
gidorus elongatus eggs. 
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The use of micro-containers for observing embryo development 
and hatching of L. elongatus eggs has the following advantages over 
the hanging drop technique (Taylor, 1961): it allows several eggs to 
be observed simultaneously, the depth of water in which the eggs 
develop can be controlled and the water can be changed without the 
risk of eggs being lost. 

The effects of temperature on the hatching of animal parasitic 
nematode eggs has recently been shown to follow a delayed gamma 
distribution and that an arrhenius equation well describes the rela
tionship between temperature and hatching time (Le Jambre and 
Whitlock, 1973; Young et al., 1980). Although less is known about the 
relationship between temperature and the hatching of eggs of migra
tory plant parasitic nematodes the results here show that a rectan
gular hyperbola satisfactorily explained the effect of temperature on 
the hatching of L. elongatus, accounting for 98.98% of the observed 
variability. The direct relationship between hatching time and tempe
rature permits accumulated day degrees to be used to model the in
fluence of temperature and to estimate the lower threshold tempera
ture below which development does not occur. The calculated threshold. 
temperature for L. elongatus is 8.3°C, which is higher than the 5°C 
base temperature used by Griffiths and Trudgill (1983) but lower than 
the temperature 10 DC at which no hatching was observed during 
the present experiment or by Wyss (1970). The reason for the discre
pancy between the calculated threshold temperature and the observed 
non-development and hatching of the eggs at 10°C is not known. 

The results also showed that the upper threshold temperature of 
hatching W:lS between 30-35°C and that at these high temperatures 
mortality was high. The optimum temperature range for both sur-
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vival and development was 20-25 °C when 90-100% of the eggs hatched. 
This percentage hatch was greater than the maximum of 60% repor
ted by Flegg (1969) for X. diversicaudatum. However, Flegg (1969) 
used eggs excised from uteri which may have been immature, whereas 
naturally delivered full term eggs were used in this study. 

Modelling nematode populations, especially of migratory plant 
parasitic nematodes, is in its infancy. However, the close relationship 
between temperature and the time taken for L. elongatus eggs to 
hatch as demonstrated in this study suggests that the concept of 
accumulated day degrees (Jones, 1975; 1977) can be extended to the 
hatching of migratory plant parasitic nematodes. 

I thank Mrs L. F. Ainsworth and Mrs I. E. Geoghegan for technical 
assistance and Dr P. B. Topham for assistance with the analysis of 
the results. 

SUMMARY 

Studies of the effect of temperature on the hatching time of Longidorus 
elongatus eggs is a necessary prerequisite for detailed investigations of the life 
cycle and population dynamics of this nematode. A technique was developed 
which enabled the development and hatching of many eggs to be observed 
concurrently. The results indicate that the relationship between temperature 
and hatching time of L. elongatus eggs could adequately be described by a 
rectangular hyperbolic equation. The basic threshold temperature for the 
development of eggs of L. elongatus was calculated to be 8.3°C and the accumu· 
lated day degrees 162.7 above the threshold for development to hatching. 
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