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Abstract: Rotylenchus robustus, Xiphinema diversicaudatum, and Hemicycgiophora conida 
were observed feeding over a range of temperatures  on perennial  rye-grass (Lolium perenne) 
seedlings grown on agar plates. R. robustus fed between 0.5 and 42.5 C, X. diversicaudatum 
between 5.0 and 37.0 C and H. conida between 5.0 and 34.0 C. Between 10 and 25 C there was a 
direct relationship between temperature  and rate of esophageal bu lb  contractions. Above 25 C 
the n umb er  of esophageal contract ions/min did not increase at the same rate and eventually 
decreased. At the extremes of tempera ture  range, abnormal  feeding behaviour  was observed. 
Rates of esophageal bulb  contraction did not  differ in the different nematode life stages and 
sexes, or at different feeding sites on the roots. Key Words: Perennial rye-grass, Lolium perenne, 
esophageal bulb  contraction. 

Although temperature is a major envi- 
ronmental  factor influencing the behaviour 
of plant parasitic nematodes (4), informa- 
tion is lacking on its effect on many aspects 
of nematode activity. The  feeding of a large 
range of plant-parasitic nematodes has been 
reviewed (2), but  the effect of temperature 
on feeding has not been investigated. The  
present work outlines a technique for study- 
ing the effect of temperature on the feeding 
of plant-parasitic nematodes, and reports 
observations on this relationship in three 
taxonomically diverse species. 

MATERIALS AND METHODS 

Rotylenchus robustus (de Man) Filipjev 
used in this study was obtained from soil 
around the roots of young Picea sitchensis 
(Sitka spruce), Xiphinema diversicaudatum 
(Micoletzky) Thorne  from mixed mature 
deciduous trees, and Hemicycliophora 
conida Thorne  from Lolium perenne in a 
glasshouse culture. Nematodes were ex- 
tracted with a sieving and decanting tech- 
nique (1), and added to Lolium perenne 
seedlings growing in 0.75 % agar on 75-ram- 
diameter coverslips, in sealed petri dishes. 
The  observations took place in a constant- 
temperature room where the temperature 
was varied gradually (never more than 1 
degree C/h)  between 0 and 45 C. Nematode 
feeding was observed with a high powered 
light microscope and video recorder. Perma- 
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nent recordings of the rate of esophageal 
bulb contractions were produced with a 
light pen-and-chart recorder (10). Also re- 
corded were nematode sex and develop- 
mental stage, and parts of the root on which 
the nematode was feeding. Statistical anal- 
ysis was carried out after the number of 
contract ions/minute had been transformed 
by log e (Y + 1). This  transformation was 
used to stabilize the variance of the contrac- 
tion rate over the range of temperatures at 
which observations were made. 

RESULTS 

More than 100 recordings were made of 
the feeding of each of the nematode species 
between 0 and 42.5 C. The  relation between 
the temperature at which nematodes fed 
and the rate of esophageal bulb contractions 
was represented best by three quadratic 
equations (Fig. 1) which accounted for 86% 
of the total variation. While this relation- 
ship appeared linear for each of the species 
over the temperature range 5 to 25 C, and 
the fitting of three independent  straight 
lines accounted for 85% of the variation, 
the improvement by fitting the quadratic 
equations was highly significant (F. ratio 
4.387; d.f. 4, 349; p < 0.5%). 

The  rate of contraction of the esopha- 
geal bulb was consistently greater for R. 
robustus (245 contract ions/min at 27 C) 
than for X. diversicaudatum (178 at 34 C) 
or H. conida (119 at 29 C). R. robustus also 
fed over a greater range of temperatures 
(0.5-42.5 C) than either X. diversicaudatum 
(5.0-36.0 C) or H. conida (5.0-34 C). 
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R. ROBUSTUS 
log (Y ) :  2 -662+0 -227X-0 -00393  X 2 

X. DIVERSICAUDATUM 
log(Y) = 2-44.0+0.162 X-  0-00238 X 2 

/ H. CONIDA 
log(Y) = 2.053+0.187 X-0-00319 X 2 
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FIG. l. Effect of temperature  on esophageal bulb  contractions. 

Between I and 35 C the contractions of 
the esophageal bulb  of R. robustus were ~0 
regular  (Fig. 2). At 0.5 C the muscles of the 
esophageal bulb  sometimes twitched, but  
the valves failed to open. Th i s  was followed 30 
by a quiescent phase of 3-5 seconds wi thout  
valve movement .  Above 35 C some nema- 
todes fed normal ly  with a m a x i m u m  of 440 ~ ~ 20 

cont rac t ions /min  at 37 C, some had short  ,~ 
tic 

periods of inactivity, and others had slower ~ lo 
regular contractions. Above 30 C some zE 

Lfl 
aberrant  feeding was observed with  X. 
diversicaudatum and H. conida, the esopha- 5 
geal bu lb  trying to contract  bu t  the valve 
remain ing  closed. T h e  propor t ion  of all 
three species feeding was considerably less 
at the extremes of tempera ture  than  be- 
tween 10 and 25 C. 

X. diversicaudatum usually fed on the 
root-t ip gall, H. conida aggregated and  fed 
a round  lateral root  buds, and R. robustus 
fed along the main  root. Each species fed 
occasionally on other  parts of the root,  bu t  
the rate of esophageal bu lb  contractions was 
unaffected by feeding site. No differences in 
rate of contract ion were found between 
male, female, or larvae in any of the species. 
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FIG. 2. Diagram from the chart  recorder show- 
ing the characteristic rhy thm of R. robustus 
oesophageal bulb  contractions for a range of tem- 
peratures. 

DISCUSSION 

Feeding of R. robustus, X. diversicau- 
datum, and H. conida has been observed 
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p rev ious ly  (5,6,11) b u t  l i t t l e  a t t e n t i o n  has  
been  g iven  to  the  t e m p e r a t u r e  a t  w h i c h  
feed ing  took  p lace  or  to  the  r a t e  of  esopha-  
geal  b u l b  con t rac t ions .  T h e  obse rva t ions  
r e p o r t e d  here  show tha t  t e m p e r a t u r e  affects 
the  r a t e  of  f eed ing  of  a l l  t h ree  n e m a t o d e  
species s imi la r ly .  Since the  r a t e  of  esopha-  
geal  b u l b  c o n t r a c t i o n  is r e l a t e d  d i r ec t ly  to 
t e m p e r a t u r e ,  these m a y  serve as a measu re  
of  n e m a t o d e  act ivi ty .  

T h e  ab i l i t y  of  R. robustus to  feed over  
a g rea t e r  r ange  of  t e m p e r a t u r e s  t han  X.  
diversicaudatum or  H. conida a n d  its 
g rea te r  r a t e  of  e sophagea l  b u l b  con t r ac t ions  
m a y  be e x p l a i n e d  by  differences  in  the  
m o r p h o l o g y  of  the  n e m a t o d e  p h a r y n x .  I t  
has been  sugges ted  t ha t  n e m a t o d e s  such as 
R. robustus wi th  sphe r i ca l  b u l b s  are  u sua l l y  
shor t e r  n e m a t o d e s  a n d  t ha t  these sphe r i ca l  
b u l b s  a re  r e q u i r e d  to p r o d u c e  h i g h e r  pres- 
sures t h a n  n e m a t o d e s  w i th  e longa t e  b u l b s  
(7,8). H. conida is a t y l e n c h i d  n e m a t o d e ,  
b u t  i t  does n o t  have  a typ ica l  sphe r i ca l  b u l b ,  
a n d  i t  has a l ong  s ty le t  c o m p a r a b l e  w i t h  
t ha t  of  X. diversicaudatum. 

T h e  h i g h e r  t e m p e r a t u r e  a t  w h i c h  the  
m a x i m u m  esophagea l  b u l b  con t r ac t i ons  oc- 
cur  for  X. diversicaudatum c o m p a r e d  w i t h  
the  o t h e r  two species m a y  ref lect  an  adap -  
t ion  to surv ive  in  a w a r m e r  c l ima t e  t h a n  
the o t h e r  two species (3). 

T h i s  s tudy  ind ica tes  the  i m p o r t a n c e  of  
r e c o r d i n g  the  t e m p e r a t u r e  w h e n  s t u d y i n g  
var ious  n e m a t o d e  act ivi t ies .  T a b u l a r  com- 
pa r i sons  of  f eed ing  b e h a v i o u r  of  d i f fe ren t  
n e m a t o d e s  (2) w o u l d  be  of  g rea te r  va lue  i f  
a c c o m p a n i e d  by  i n f o r m a t i o n  o n  t empera -  
tures  at  w h i c h  obse rva t ions  took  place.  

T h e  low t e m p e r a t u r e  a t  w h i c h  R .  
robustus feeds c o u l d  h e l p  e x p l a i n  w h y  the  

to le rance  of  car ro ts  to R. robustus decreases  
at  low t e m p e r a t u r e s  (9). T h e  n e m a t o d e  m a y  
feed a n d  d a m a g e  the  p l a n t  a t  t e m p e r a t u r e s  
be low those necessary for  g r o w t h  o f  ca r ro t  
roots.  
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