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A Technique for the Collection of Larvae of Meloidogyne 
spp. and a Comparison of Eggs and Larvae as Inocula 

T. C. VRAIN 1 

T h e  infectivity of second-stage larvae of 
Meloidogyne spp. is a function of soil 
temperature,  aeration, moisture,  texture, 
and density, as well as a funct ion of the 
distance the second-stage larvae have to 
travel pr ior  to root  penetra t ion (3, 4). 
Because eggs may require  up  to 2 weeks to 
hatch under  greenhouse conditions, infec- 
tion periods with larvae are normal ly  
shorter than those with eggs. Larvae inoc- 
u lum is easily obta ined by placing galled 
roots with egg masses in a container  over a 
funnel in a mist chamber.  However,  a large 
percentage of larvae become noninfective or 
they die wi thin  12 to 24 h when numbers  
accumulat ing in the funnel stem exceed a 
few thousand. 

T h e  object of this investigation was to 
compare  the yield of larvae of Meloidogyne 
ineognita (Kofoid and White)  Chitwood 
obtained f rom egg masses in a mist 
chamber,  and that  obta ined with a new 
technique that  allows for longer periods of 
accumulat ion of larvae wi thout  loss of 
infectivity. T h e  infectivity of the larvae 
hatched on the sieve was compared  to that  
of larvae hatched from intact  egg masses 
and from eggs released from egg masses by 
a sodium hypochlori te  (NaOC1) solution 
(2). 

Method for collection of infective 
larvae: Heavi ly  galled roots f rom three 
tomato  plants (Lycopersicon esculentum) 
'Manapa l '  infected with M. incognita were 
washed clean of soil, cut in 2- to 5-cm seg- 
ments, mixed,  and weighed. Ha l f  of the 
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root segments were divided into fifths and 
placed on top of five funnels in a mist 
chamber  at 23 C. T h e  remain ing  roots were 
treated to release the eggs f rom the egg" 
masses by means of a procedure modified 
f rom Hussey and Barker  (2). T h e  root  
pieces were stirred for 3 min  in 4 liters of 
a 0.53% NaOC1 solution at 23 C. T h e  egg 
suspension was poured through four nested 
metall ic sieves (20-cm diam) with decreas- 
ing pore size from top to bot tom: 420 /,m 
(40 mesh), 149 t~tn (100 mesh), 53 /,m (270 
mesh), and 26 /zm (500 mesh). T h e  eggs 
were quickly rinsed with tap  water  and 
washed down onto the bo t tom sieve. T h e  
number  of eggs collected was de termined 
before they were placed on top of a 28-/~m 
plastic sieve in a closed chamber  with suf- 
ficient water  to cover the eggs. T h e  numbers  
of larvae obtained with both techniques 
were de termined every 24 h and trans- 
formed to percentage of the number  of eggs 
placed on the sieve. 

Comparison of infectivity of various 
inocula: Three  types of inocula were 
evaluated: (i) intact  egg masses, (ii) eggs 
released from egg masses with NaOC1, and 
(iii) larvae hatched from NaOCl-treated 
eggs on the sieve. T e n  egg masses containing 
100 to 400 eggs each, or 1,000 eggs released 
from egg masses by dissolution of the mat r ix  
in 0.53% NaOC1 solution, or 2,000 second- 
stage larvae hatched on the sieve in 24 h 
were mixed with I00 cm 3 of a sterilized 
loamy sand (texture: 82% sand, 14% silt, 
4% clay) in plastic cups. A 2-week-old 
tomato  seedling was t ransplanted into each 
cup. A complete range of t reatments  was 
placed in an air-conditioned greenhouse at 
24 ± 2 C. In  addit ion,  tomato  seedlings in 
cups inoculated in the same manner  with 
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2,000 larvae each were placed in ano the r  
greenhouse  at 30 -+- 5 C. All t rea tments  
were repl ica ted  3 to 5 times. Af ter  20 
days, the roots were washed, s tained wi th  
acid-fuchsin lac tophenol ,  and  examined  
microscopical ly  for larval penet ra t ion .  Eggs 
released f rom egg masses wi th  NaOC1 and  
placed on tile sieve ha tched  at a low rate  
for the first 3 days and  at an increased ra te  
for the next  4 days (Fig. 1). U n h a t c h e d  
second-stage larvae were very sensitive to 
NaOC1 after the l ipoid m e m b r a n e  had  been 
enzymat ical ly  digested (1). Th i s  fact ap- 
paren t ly  was responsible for the observed 
delay in hatching.  M a x i m u m  larval  emer- 
gence f rom egg masses on  the roots  in the 
mist  chamber  occurred  after  24 It (Fig. 1). 
T h e  second-stage larvae accumula ted  at the 
b o t t o m  of the funnels  in h igh  numbers ,  and  
60-80% of them were immobi le .  T h e  num-  
bers of larvae collected on  succeeding days 
decreased, bu t  the percentage  of  immobi l e  
larvae remained  high.  I nocu la t i on  wi th  
these larvae usual ly resul ted in poor  in- 
fections (2). 

Oxygen  (O~) sa tura t ion  measurements  
(Oxygen m o n i t o r  53, Yellow Spr ing  Instru-  
ments,  Yellow Spring, Ohio)  of  water  in 
the funnel  s tem showed a lmost  comple te  
dep le t ion  of  O2 in 3-10 h when  10,000 to 
50,000 larvae were placed in  a funnel.  W i t h  
fewer l a r v a e / f u n n e l  (5,000), the percentage  
of  immob i l e  larvae was relat ively low bu t  
increased wi th in  24 h, even t hough  O~ 
sa tura t ion  decreased only  to 12-6%. Since 
Meloidogyne javanica (Treub)  Ch i twood  
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FIG. 1. Daily hatch of Meloidogyne incognita 
larvae from NaOCl-treated eggs on a 28-#m sieve 
(o) and from roots with egg masses in a mist 
chamber (A). 

second-stage larvae have been  shown to 
re ta in  infectivity for 24 days in  soil wi th  an  
a tmosphere  con ta in ing  2-3% 02 (3), and  to 
wi ths tand  comple te  lack of  02 in  wate r  for 
4 days (5), the h igh  densi ty  of  larvae in the 
stern of  the funnels and  the accumula t i on  
of  their  own  excret ions may  be ma jo r  
causes for loss of  infect ivi ty  in this 
collection technique.  

Infect iv i ty  was also affected by tempera-  
ture in the greenhouse,  as significantly 
fewer larvae pene t ra t ed  roots  at  30 +__ 5 C 
than  at 24 ± 2 C (Tab le  1 ) . A t  24 C, roo t  
pene t ra t ion  by larvae ha tched  f rom eggs in 
egg masses was similar  to t ha t  by  larvae 
ha tched  f rom NaOCl- t rea ted  eggs on the 
sieve. T h e  a m o u n t  of  roo t  pene t ra t ion  by 
larvae ha tched  f rom NaOCl - t r ea t ed  eggs 
used as i n o c u l u m  was lower  than  tha t  of  
the o ther  two inocula  sources. 

TABLE 1. Influence of inoculum type and 
temperature on infectivity of Meloidogyne incognita. 

Greenhouse 
Type of temperature Inoculum Infection a 

inoculmn (C) level % 

Larvae b 24 2,000 46.5 
Larvae b 30 2,000 17.8 
Egg masses 24 2,640 e 51.4 
Eggs (NaOC1) 24 1,000 19.8 

LSD: P=0.5 7.6 
P=0.01 10.5 

"Percentage of numbers of larvae (or eggs inoculated 
that yielded infective larvae) inside tomato roots 
after 20 days. 
bLarvae hatched from NaOCl-treated eggs on 28-#m 
sieve. 
~Average number of eggs from 10 egg masses. 

T h e  da ta  presented here in  show some 
of the problems encoun te red  when  inocula  
of Meloidogyne species are used. T h e  
l imi ta t ions  of  egg masses (2), the low in- 
fectivity resul t ing  f rom t r ea tmen t  of  eggs 
wi th  NaOC1, and  the sensitivity of  larvae 
to relat ively h igh  tempera tures  should  be 
considered in selecting the type of  i n o c u l u m  
for exper iments  involv ing  Meloidogyne spp. 
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A Comparison of Two Methods of Synchronous Inoculation 
of Cotton Seedlings with Meloidogyne incognita 

W. W. CARTER, S. NIETO JR., and J. A. VEECH ~ 

Several methods of inoculating host tion towels are superimposed, moistened 
plants with larvae of Meloidogyne incognita 
Chitwood have been developed. Chapman 
and Eason (1) enumerated desirable criteria 
for inoculating plants with endoparasitic 
nematodes. They  introduced the use of 
Miracloth® to maintain moisture and pro- 
vide a support  medium for nematode 
penetration.  McClure and Robertson (4) 
developed an inoculation method that 
provided uniformly invaded roots of com- 
parable age and pathological development.  
The i r  technique utilized observation boxes, 
described by Minton (3), and incorporated 
two superimposed strips of Miracloth be- 
tween which the cotton-root tips are 
inserted and upon which the inoculum is 
placed. By controlling the time and tem- 
perature of incubation and the width of the 
Miracloth strip, they accurately controlled 
the period of inoculation and thereby 
allowed synchrony in pathological develop- 
ment. The i r  method works well, but  if 
used in large experiments it is time- 
consuming and expensive. 

We report  a "ragdoll" method of 
inoculation applicable to screening plants 
for resistance to Meloidogyne spp. and for 
obtaining large quantities of uniformly 
inoculated root segments for physiological 
studies. T h e  ragdoll is constructed with two 
sheets of commercial seed-germination towel 
(30 x 45 cm), a half sheet of similarly sized 
waxed paper (23 x 30 cm), and two strips 
of Miracloth (2 x 45 cm). T h e  germina- 
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with distilled water, and steam-sterilized. 
Twenty-five surface-sterilized cotton seeds 
are arranged in a single row between the 
two sheets of germination towel. T h e  
seeded towels are rolled into a cylinder and 
wrapped with waxed paper to prevent 
desiccation. T h e  seeded ragdolls are incu- 
bated in a beaker containing water about  
10 cm deep until  roots develop. When the 
seedlings are ready for inoculat ion with 
larvae, they are removed from the ragdoll 
and a strip of Miracloth is placed on the 
exposed germination towel. T h e  seedlings 
are reset about 1 cm apart  with their root  
tips extending 3-4 mm over the upper  edge 
of the Miracloth strip. T h e  second strip of 
Miracloth is superimposed over tile first to 
cover tile root  tips. M. incognita larvae are 
applied onto the upper  Miracloth in 0.1-ml 
aliquots/seedling. T h e  ragdoIls are rerolled 
and incubated in a beaker containing water. 
This  method of inoculation was used for 
each of the following experiments. 

Ill our first experiment  (Fig. 1), we com- 
pared tile ragdoll and McClure-Robertson 
(4) methods of inoculat ion with 'Deltapine 
16' (root-knot susceptible) and 'Clevewilt' 
(compartively root-knot resistant) cultivars 
of cotton, Gossypium hirsutum L. T h e  
boxes and ragdolls were incubated in the 
dark at 30 C for 48 h to initiate seed germi- 
nation. Tile seedlings were then inoculated 
with 200 freshly hatched M. incognita 
larvae/seedling and incubated in a growth 
chamber at 30 C with daily periods of 12 h 
light and 12 h dark. After 4 days, the root  
tissues between the Miracloth strips were 
removed and root  segments were stained in 
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