
thickness to that  of A. agrostis (4). How- 
ever, this may merely be a reflection of the 
extent  to which the cuticle has been re- 
absorbed at the t ime of fixation since the 
cuticles of all these Lts are part ial ly re- 
absorbed dur ing moult ing.  Also, the cuticle 
of the L~ of O. phyllobia appears  to be 
structurally more  complex than that  of A. 
agrostis since it has a distinct striated basal 
layer (Fig. 1A, D) which is reabsorbed at a 
later stage so that  the cuticle which sur- 
rounds the second-stage larva (L.,) consists 
mostly of epicuticle (Fig. 1B, C, E). T h e  
life of the Lx cuticle is short in all the nema- 
todes ment ioned  above, and it is possible 
that  striations in the basal layer may have 
been present for a brief period prior  to their  
reabsorpt ion in A. agrostis, al though they 
were never observed. 

I t  is clear from our observations that  O. 
phyIlobia does moul t  once in its egg; there- 
fore, the larva that  emerges on hatching is 
all L2. 
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A lilZ 

the nor thern  root-knot  nematode,  M. hapla 
Chitwood, are widely dis t r ibuted in the 
Pacific Northwest  (1,5). Al though M. chit- 
woodi appears  to be more widely distrib- 
uted on pota to  (Solanum tuberosum L.) 
than  M. hapla (3), bo th  species are able to 
infect and reproduce on sugarbeet  (Beta 
vulgaris L.) (4,5). T h e r e  is, however, a lack 
of in format ion  on the effect of ini t ial  

Fig. 1. TEM photomicrographs of transverse sections cut through eggs of Orrina phyl lobia  containing 
larvae in the process of moulting. A) Oblique section through part of a larvae at the commencement of 
moulting. The L 2 cuticle (C,,) is starting to form under the cnticle of the L~ (C1); the somatic muscle is 
shown cut obliquely and adjacent to part of a nucleus (n); part of the shell (s) is also visible. B) Transverse 
section through the anterior part of a larva after moulting, showing the L 2 cuticle (C2), the shed L~ cuticle 
(C1), and part of the egg shell (s). C) Transverse section through the posterior part of a larva after 
moulting, showing the L z cnticle (C2) and the moulted cuticle of the previous L 1 (Ci). D) High-powered 
photomicrograph showing part of an oblique section cut through the L 1 cuticle (Ca), the L 2 cuticle (Cz) 
in the initial stages of its formation, and the underlying hypodermis (hyp). E) High-powered photomicro- 
graph showing part of a transverse section cut through the L 2 cuticle (C,_,) and the moulted and partially 
reabsorbed L 1 cuticle (Ct). 
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popula t ion  densities of M. chitwoodi and 
M. hapla on sugarbeet  yields. A study was 
init iated to determine the relat ionship be- 
tween popula t ion  densities of M. chitwoodi 
and M. hapla and their effect on yields of 
sugarbeet.  

A M. chitwoodi popula t ion  obtained 
from a pota to  field at Ft. Hall ,  Idaho, and _~ 
a M. hapla popula t ion  from a lettuce -~ 
(Lactuca sativa L.) field at Ogden, Utah,  0. m were separately cul tured on tomato  z ~.2 
(Lycopersicon esculentum Mill. cv. Cal 
Pack) plants under  greenhouse conditions. 

Plastic pots (6 cm) containing sandy 0 
loam soil (72% sand, 18% silt, and  10% 
clay) fumigated with methyl  bromide  were 0.~ 
inoculated with a geometric  progression of o., 
ei ther M. chitwoodi and M. hapla eggs 
a n d / o r  second-stage juveniles (0, 0.125, 
0.25, 0.5 . . . . .  512/cm 3 of soil). T h e  inoc- 
u lum was obta ined from tomato  roots using 
a 0.8% sodium hypochlori te  solution (2). 
A single 15-day-old sugarbeet seedling 
(AH-14) was planted in each pot. Treat -  
ments ( inoculum densities) were random- 
ized on greenhouse benches and replicated 
six times. T h e  ambien t  t empera ture  in the 
greenhouse was main ta ined  at 25 -+- 3 C, 
under  a 19-h day with supplementa l  high- 
ou tpu t  flourescent lamps. At harvest (65 
days after t ransplanting) fresh tap root and 
top weights were recorded. Nematode  re- 
product ion was determined by count ing 
the eggs and second-stage juveniles of the 
eggs masses present in the roots by using 
the sodium hypochlori te  extract ion method 
(2). 

T h e  relat ion between sugarbeet tap root  
weights at harvest  and initial nematode  
popula t ion  density is shown in Fig. I. 
Both the curves fit the equat ion y = m + 
(1-m)z e-w (eq. i . )  for P 2> T and y = 1 for 
P ~ T (where y = relative yield, m = rel- 
ative m i n i m u m  yield; z < 1, P ---- initial 
nematode  density and z -T -- 1.05) (6). T h e  
curves show a tolerance l imit  (T) of sugar- 
beet to M. chitwoodi and M. hapla of 2.8 
and 0.6 eggs a n d / o r  second-stage juveniles 
per cm 3 of soil, respectively. T h e  relative 
m i n i m u m  yield (m) was similar for M. 
chitwoodi and M. hapla, result ing in a 60 
and 65% reduct ion in fresh tap root  weight. 
Since the m i n i m u m  yield increases as plants 
age (7), lower m i n i m u m  yields would be 

0.8 

0.6 y¢0.35 + 0.65 z p. T 

m-0 .35  

0,2 0~[ T= 2.80 

Meloidogyne chitwoodi 

. ~  ° 

; "  Meloidogyne hapla 
\ ,  

YBO.40+0.60 z P-T 

m=0,40 

T,O.SO " ' -  ~ 2  . . . . . . .  : 

0.2 
T 

0.125 0,25 0.5 2 8 32 128 512 

Eggs and 2nd-juveniles per cm' of soil at p l a n t i n g  

Fig. 1. Relat ionship between initial popula t ion  
densities of Meloidogyne chitwoodi and M. hapla 
on the tap root  growth of 15-day-old sugarbeet  
(Beta vulgaris L. cv. AH-14) t ransplants  grown in 
the greenhouse after 65 days. (The sugarbeet tap 
root yields are expressed as values of the percentage 
increase or decrease of inoculated plants  as com- 
pared to uninoculated controls. 1 = 100%; m = 
relative min imum yield: T = tolerance limit). 

expected if p regermina ted  seeds were used 
instead of sugarbeet seedlings. 

T o p  growth of the sugarbeet  plants was 
not significantly affected by nematodes,  ex- 
cept at tile largest initial popula t ion  density 
of M. chitwoodi, where growth was 32% 
less than tile control (P = 0.05). 

Reproduc t ion  of M. hapla on sugarbeet 
was significantly greater  than that  of M. 
chitwoodi at all initial  popula t ion  densities 
except at 0.25 eggs a n d / o r  second-stage ju- 
veniles per cm a of soil (Table  1). 

Al though bo th  M. chitwoodi and M. 
hapla reduced tap root  growth in this ex- 
periment ,  sugarbeet is a bet ter  host for M. 
hapla than for M. chitwoodi, as indicated 
by the greater  nematode  reproduct ion  and 
the lower T value for M. hapla. Since the 
detectable soil popula t ion  densities of these 
two nematode  species are rarely more  than  
1 nematode  per cm 3 of soil at t ime of plant- 
ing in the In t e rmoun ta in  or Pacific North-  
west areas of the Uni ted  States, it appears  



Table 1, Reproduction of Meloidogyne chitwoodi 
and M. hapla on 15-day-old sugarbeet (Beta vulgaris 
L. cv. AH-14) transplants grown in the greenhouse 
after 65 days. 

Inoculum density 
Eggs + second-stage 

juveniles/plant 
(Eggs + second-stage M. M. 

]uveniles/cm 3 soil) chitwoodi hapIa 

0.125 50 895* 
0.25 168 468 
0.5 243 1,772" 
1 511 2,013" 
2 394 1,875" 
4 3,252 11,136" 
8 13,786 39,083" 

16 15,489 78,208* 
32 26,092 232.250* 
64 18,945 199,083" 

128 51,388 211,875" 
256 29,364 173,241" 
512 38,040 missed 

Asterisks indicate significant (P = 0.05) differ- 
ences in reproduction between M. chitwoodi and 
M. hapla. 
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t h a t  M. hapla m a y  be  m o r e  p a t h o g e n i c  t h a n  
M. chitwoodi u n d e r  f ie ld  c o n d i t i o n s .  
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Mi u n d e r  m o d e r a t e  t e m p e r a t u r e s ,  b u t  i t  
has  b e e n  s h o w n  t h a t  a c o n s t a n t  h i g h  so i l  
t e m p e r a t u r e  o f  32 C w i l l  n u l l i f y  t h e  re-  
s i s t ance  (2,3,5). F u r t h e r m o r e ,  h i g h  soi l  t em-  
p e r a t u r e  d u r i n g  the  first  2 o r  3 days  a f t e r  
1 0 0 %  p e n e t r a t i o n  can  d e t e r m i n e  the  course  
o f  n e m a t o d e  d e v e l o p m e n t ;  for  e x a m p l e ,  re-  
s i s t an t  (Mi) N e m a t e x  p l a n t s  i n o c u l a t e d  
w i t h  s econd- s t age  j u v e n i l e s  a n d  m a i n t a i n e d  
at  32 C fo r  3 days,  a n d  s u b s e q u e n t l y  h e l d  a t  
27 C fo r  1 m o n t h ,  c o n t a i n e d  a b u n d a n t  gal ls  
a n d  eggs (2). I n  th is  r e p o r t  we  e x a m i n e  t h e  
effects  o f  v a r i o u s  l e n g t h s  o f  i n i t i a l  e x p o s u r e  
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