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slightly. Some hatching induced by host 
roots shortly after the heginning of the ex- 
pe r iment  may have occured. This  survival 
was 0.96 in pots with infested soil bu t  with- 
out  roots. T h e  two figures are not  signifi- 
cantly different. 

T h e  data do not  allow est imation of x. 
T o  calculate a curve for the relat ion be- 
tween Pf and P~ at P > 16 nematodes /cm :~ 
soil x can be assumed to be unity. Th i s  re- 
duces tile second term of the r ight  hand par t  
of equat ion ii to S(1-T)Pt. 

T h e  H. fici densities de termined in field 
samples are smaller than real densities be- 
cause eggs in eggs sacs are usually ignored. 
Also in this exper iment  this port ion of eggs 
was not  taken in account. There fore  advice 
on control should be based on a smaller 
value of T than that  derived from the result 
of the pot  experiment .  

T h e  very low value of m i n i m u m  yield, 
m = 0, depends upon  the very small seed- 
lings used in the experiment .  Braasch (1) 
reports  that  in o rnamenta l  fig the H. fici 
damage was higher in small seedlings than 
in older plants. T h e  value of m will un- 
doubtedly  increase with the plant  age (7). 
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We describe here our  method of obtain- 
ing clean Heterodera glycines eggs and 
hatched infective juveniles in quanti ty.  

Similar methods of obta ining eggs of 
other  nematode  genera have been published 
(1,2,4,7). Minigawa (5) compared  the ef- 
ficiency of a double layer centrifugal method  
(DCF) with extraction in Bae rmann  funnels 
and direct examina t ion  for recovery of 
nematodes f rom soil. He  concluded that  
DCF is unsui table  for quant i ta t ive  extrac- 
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tion of nematode eggs from soil. He  did not  
examine Heterodera spp. 

Collection of eggs: We collect cysts from 
soil oil a 60-mesh screen (250-/xm apertures) 
by elutr iat ion or by settling and decanting. 
Screenings are washed onto a 100-mesh 
sieve (150 t~m) and macerated by gentle 
rubb ing  with a rubbe r  s topper to release 
eggs. Eggs and debris are collected in a 
bucket  wi th  the aid of a gentle s tream of 
water, concentrated by centr i fugat ion at 
800 g for 5 min in 50-ml conical tubes in a 
swinging horizontal head rotor. T h e  super- 
na tan t  is s iphoned off unti l  about  2 ml re- 
main above the pellet. T h e  pellet is then 



stirred and the slurry is layered over a su- 
crose gradient  in a 50-ml conical centrifuge 
tube. 

~Ve prepare  the sucrose gradient  by suc- 
cessive addit ion of the following into 50-ml 
conical tubes: (i) 10 ml of 50% sucrose solu- 
tion (614.8 g sucrose + 1 liter water). Spe- 
cific gravity 1.23. (ii) 10 ml of 40% sucrose 
solution (470.6 g sucrose + 1 liter water). 
Specific gravity 1.18. (iii) l0 ml of 20% 
sucrose solution (216.2 g sucrose + 1 liter 
water). Specific gravity 1.08. Before use, 
tubes are held for 10 min  or overnight  in 
the refrigerator.  

During centr i fugat ion the clean em- 
bryonated eggs concentrate in a band  in the 
40% layer (Fig. I). In addition, the band 
may contain hatched juveniles and a few 
fungus spores. T h e  band is collected by 
siphon, caught on a 31-fire aper ture  nylon 
sieve, and rinsed gently with water. Other  
components  of the sample (mycorrhizal 
spores, fungus mycelia, or parasitized eggs) 
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accumulate  in other  parts  of the gradient.  
Empty  egg shells and other debris collect in 
the pellet. One-celled eggs usually accumu- 
late in the 20% layer. T h e  dis tr ibut ion of 
eggs and larvae collected from 900 cm 3 of 
soil and separated in a sucrose gradient  is 
shown in Figure 2. 

Hatching: Second-stage juveniles and 
spores of mycorrhizal  fungi are removed by 
passing the suspension through a 63-/~m 
nylon sieve. Eggs caught  in the 31-/~m sieve 
are transferred to a 41-fire nylon sieve for 
hatching. T h e  hatching apparatus  consists 
of upper  halves of two 50-ml plastic beakers. 
A nylon mesh cloth is suppor ted  by the two 
beakers inserted into each other. T h e  ap- 
paratus fits into a 60 × 20 m m  plastic petri  
dish or a syracuse dish. Sufficient water  to 
cover the eggs is added to the dish. T h e  uni t  
is held in a desiccator with the lid in place, 
water in the bot tom, and the pore to the 
a tmosphere  open. 

We routinely incubate the eggs at 30 C 
for 3-5 days. T h e n  the water  is replaced 
with 0.01 M ZnSO, or other hatching factor 
and incubated at 25 C (6). Problems with 
bacterial and fungal growth dur ing  incuba- 
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Fig. 1. A band (arrow) containing > 200,000 eggs 
of Heterodera glycines in the 40% layer of a sucrose 
gradient (10-40-50%) ~tfter centrifugation for 5 
min at 800 g. 
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Fig. 2. Distribution in a sucrose gradient of 
Heterodera glycines eggs and juveniles from 900 cm ~ 
of infested soil. 
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t ion  are  a v o i d e d  by  i m m e r s i n g  eggs in  0.5 % 
c h l o r h e x i d i n e  d i ace t a t e  ( H i b i t a n e )  for  15 
min ,  fo l lowed  by  a wa te r  r inse  p r e c e d i n g  
i n c u b a t i o n  a t  30 C. 

W e  have  n o t  d e t e r m i n e d  the  q u a n t i t a -  
t ive recovery  of  eggs f rom soil  or  the  hatch-  
ing  of in fec t ive  j uven i l e s  in  this  p rocedure .  
F o r  each  e x p e r i m e n t  we h a t c h  be tween  
100,000 a n d  500,000 eggs. U n d e r  ou r  condi -  
t ions,  m o r e  t han  50% of  the  eggs co l lec ted  
f rom g reenhouse  p o p u l a t i o n s  h a t c h  over  a 
p e r i o d  of  12 days,  w i t h  the  p e a k  h a t c h i n g  
5-8 days  af te r  t r ans fe r  to Z n S O ,  Clean ,  
v i ab le  eggs of  Meloidogyne incognita were  
also co l lec ted  by  ou r  m e t h o d  f rom egg 
masses s epa ra t ed  w i th  1% N a O C I  (3). 
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A Technique for Inoculating Field Sites 
with Meloidogyne Eggs 
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F i e l d  s tudy  sites in fes ted  w i t h  Meloido- 
gyne spp. are  n e e d e d  to e v a l u a t e  the  effect 
of these n e m a t o d e s  on  c r o p  g r o w t h  for 
economic  t h r e s h o l d  s tudies  (3,4) as wel l  as 
for o t h e r  b io log ica l  s tudies.  Since u n i f o r m ,  
n a t u r a l l y  in fes ted  test sites a re  difficult  to 
locate ,  a p r o c e d u r e  was d e v e l o p e d  to ar t i -  
f ically infes t  fields w i th  k n o w n  levels of  
Meloidogyne eggs. T h e  t e c h n i q u e  is a mod i -  
f icat ion of  a m e t h o d  d e v e l o p e d  to d i s t r i b u t e  
corn  r o o t w o r m  eggs, Diabrotica spp.,  i n  
field soils (6). Bo th  p rocedure s  u t i l i ze  a 
m e c h a n i z e d  system which  m i n i m i z e s  l a b o r  
a n d  p roduces  a u n i f o r m  in fes t a t ion .  

Eggs for  i n o c u l u m  were  o b t a i n e d  b y  
r e a r i n g  M. incognita on  tomato ,  Lycoper- 
sicon escuIentum cv. T r o p i c ,  roo ts  for  ap- 
p r o x i n l a t e l y  90 days,  w a s h i n g  roo t s  free of  
soil ,  a n d  co l l ec t ing  egg masses us ing  an  ex- 
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t r a c t i o n  t e c h n i q u e  s im i l a r  to  t h a t  of  B y r d  
et al.  (1). Since m a x i m u m  v i a b i l i t y  a n d  
n u m b e r  of  eggs was necessary,  egg masses 
on  roo t  t issue were  s t i r r ed  for  5 m i n  in  5 % 
c o m m e r c i a l  b l each  (0.25% NaOC1) to min -  
imize  phys ica l  a n d  chemica l  damage .  A f t e r  
s t i r r ing ,  the  roo t  a n d  egg suspens ion  was 
passed t h r o u g h  a 170-mesh sieve to r e m o v e  
r o o t  deb r i s  a n d  t h e n  t h r o u g h  a 500-mesh 
sieve to recover  i n d i v i d u a l  M. incognita 
eggs. Eggs were  r i n s e d  t h o r o u g h l y  w i th  
w a t e r  on  the  500-mesh sieve to  r e m o v e  resi- 
d u a l  b leach .  

Eggs of  M. incognita were  b a c k w a s h e d  
f rom the 500-mesh sieve i n t o  a 0 .125% aga r  
s o l u t i o n  a n d  t h o r o u g h l y  mixed .  T h i s  sus- 
pe ns ion  r e d u c e d  se t t l ing  a n d  f ac i l i t a t ed  a 
u n i f o r m  d i s t r i b u t i o n  of  the  eggs in a l i q u i d  
ca r r i e r  m e d i u m .  P a l m e r  et  al. (5) u t i l i z ed  
this p r o c e d u r e  to s u s p e n d  D. virgifera eggs 
to a r t i f ica l ly  infes t  corn  at  t ime  of  p l a n t i n g .  
I n  this  suspens ion ,  Meloidogyne eggs re- 
m a i n  evenly  d i s t r i b u t e d  for  severa l  hou r s  
( T a b l e  1). Egg ha t ch  in  0 .125% agar ,  22 .1% 
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