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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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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% 



Tab le  1. Sett l ing of Meloidogyne incognita eggs 
in 0.125% agar  so lu t ion  and  in water.  

Sett l ing 
t ime 

(minutes)  

N u m b e r  of eggs / ml  collected at 
var ious  dep ths  by p ipe t  sample  

Agar- -Eggs  Water - -Eggs  

2 cm 7 cm 2 cm 7 cm 

0 214b 200h 270b 372a 
40 228b 205b 43c 41c 
75 246b 2 l i b  7c 12c 

105 198b 202b --  - -  

240 200b 270b --  -- 

V a l u e s  followed by a le t ter  in c o m m o n  are not  
significantly different  (P = <0.05) according to 
Duncan ' s  mu l t ip l e - r ange  test. 

±5.6,  was not  significantly different from 
egg hatch in water, 19.4%__+9.0. 

T h e  egg suspension was placed in a 18.9- 
liter stainless steel canister pressurized to ap- 
proximately 1.4 Kg/cm 2 with bottled, com- 
pressed air. A pressure regulator on the air 
cylinder controlled pressure in the stain- 
less steel canister and a ball valve allowed 
flow control of the egg suspension. T h e  
pressurized l iquid was forced through 6.4- 
ram-i.d, vinyl tubing and directed behind 
fumigation shanks attached to a tractor 
tool bar. Inject ion shanks were run about  10 
cm deep directly under  the seed row. Seed 
was planted over this band of inoculum 
within 24 h and then followed by irrigation. 
Known amounts of M. incognita eggs were 
applied to the soil by calibrating canister 
pressure and ground speed as well as the egg 
concentrat ion in the agar suspension. 
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In a field trial during spring 1980, differ- 
ential levels of inoculum were applied to 
obtain various levels of infection. T o  evalu- 
ate the effectiveness and uniformity of this 
artifical inoculat ion technique, 20 plants 
from each plot were rated for root  galling 
at time of harvest. A 0-8 rating scale was 
used and t ranformed to a 0-100 scale (2). 
T h e  rate of increase of gall index relative to 
inoculum density apparent ly decreased at 
higher inoculum densities (Fig. 1). We 
speculate that the nonlinear  relationship 
between inoculum density and gall index is 
indicative of mult iple  penetrations or in- 
creased competi t ion for available feeding 
sites at the higher densities (7). I t  would 
also be possible to satisfactorily describe 
the relationship with a l inear function, but  
with a somewhat lower r ~. T h e  gall index 
was closely related to the calculated num- 
ber of eggs deposited per foot of row (r~= 
0.76) by tile selected model, suggesting that 
the technique resulted in uniform infesta- 
tions of M. incognita on tomato roots in 
most plots of this trial. 

To m a to  plantings on this site dur ing the 
1981 growing season were heavily infested 
with M. incognita, indicating that a popu- 
lation had been established from the previ- 
ous year's inoculation. 
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Fig. I. Re la t ionsh ip  be tween  n u m b e r  o f  eggs deposi ted per  meter ,  u s ing  a mechan ica l  inocu la t ion  sys- 
tem,  and  a gall  index.  
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Technique for Gnotobiotic Cultivation of Heterodera glycines 
Ichinohe on Glycine max (L.) Merr? 
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T h e  soybean cyst nematode (SCN), 
Heterodera glycines Ichinohe is one of the 
most destructive pests of soybean, Glycine 
max (L.) Merr., and causes soybean yield 
reduction that  results in economic loss when 
fields are heavily infested. Studies by 
Ichinohe (1,2) have contr ibuted signifi- 
cantly to our current  unders tanding of the 
growth and development  of tile SCN. How- 
ever, the results of these early reports  in- 
trtxluced exper imenta l  variables that  were 
inherently associated with greenhouse and 
field conditions. Gnotobiot ic  cult ivation of 
SCN provides a controlled env i ronment  
that  enhances studies concerned with nema- 
tode development  and host-parasite rela- 
tionships. Th is  study reports the successful 
gnotobiot ic  cult ivation of SCN; pre l iminary  
results were reported earlier (3). 

T h e  SCN, Race 3, used in this study 
originated from infested soybean fields in 
western Tennessee. Nematodes  were in- 
creased on the susceptible soybean cv. Essex 
in greenhouse pot cultiures. Cysts and egg 
masses from the pot cultures were provided 
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by Dr. L. D. Young, USDA, Jackson, Ten-  
nessee. All equ ipment  and solutions used 
for the isolation of SCN were sterilized by 
autoclaving at 15 p.s.i, for 15 min and all 
procedures were done aseptically. Cysts and 
egg masses were placed on six layers of tis- 
sues (Kimwipes R) snppor ted  by a wire 
screen in a petr i  dish (5) containing 20 ml  
of an aqueous solution of 50 p p m  strepto- 
mycin sulfate (SS) aud 20 p p m  of 8-quino- 
linol sulfate (QS). After  24 h, tile wire 
screen was removed and the aqueous solu- 
tion containing second-stage larvae (L-2) 
which had passed through the tissues was 
poured  onto six layers of tissues with sup- 
port ing wire screen ill another  petri  dish. 
Ti le  original solution was decanted and re- 
placed with 20 ml of a fresh solution of SS 
plus QS. T h e  L-2 which passed through the 
second set of tissues after 24 h were con- 
centrated by centr i fugat ion at 1,500 r p m  
for 5 min. T h e  L-2 were washed three times 
by resuspension in distilled water. Ti le  
washed L-2 were resuspended and treated 
three times for 20 min each with a solution 
of 1,000 p p m  SS. T h e  treated L-2 were 
collected on a 10-/~m filter (Millipore a) 
and washed three times with distilled water. 
T h e  L-2 were resuspended in distilled water  
and used immedia te ly  for inoculat ion of 
the soybean root  cultures. 

Axenic soybean root  cultures were pre- 
pared according to the following method.  
Soybean seeds (cv. Kent) were sonicated in 
a 0.1% detergent  solution (Ultrasonic 
Cleaner, Cavi-clean R, Mett ler  Electronics 
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