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On the Methodology of Nematode Extraction from Field Samples: 
Density Flotation Techniques 

DAVID R. VIGLIERCHIO and TOM T .  YAMASHITA 1 

Abstract: Density flotation has been frequently used for the extraction of nematodes from 
field samples. Density flotation curves for four nematode species and five solutes have been 
prepared. The curves confirm that flotation was governed by several factors: solute density, 
solute osmotic activity, and physiological properties of the nematode species. Nematode viability 
and function can be adversely affected by improper selection of solute for density extraction of 
nematodes; nevertheless, some nematode species can be enriched from mixtures by density and 
solute selection. Key words: osmosis, viability. Journal of Nematology 15(3):444-449. 1983. 

Densi ty f lotat ion is one  of  the more  com- 
m o n  methods  used for the ext rac t ion of  
nematodes.  R e c o m m e n d a t i o n s  (1,4,5,6,7) 
of ten involve sugar sohtt ions at a densi ty of  
app rox ima te ly  1.2 g m / m l .  Th i s  m e t h o d  is 
adequa te  if the demands  made  on the 
process r emain  modest ;  i.e., if the need em- 
phasizes cleanliness or  compar i son  of the 
same k ind  of  n e m a t o d e  f rom near ly  iden- 
tical sample  sources ra ther  than  biological  
qua l i ty  of  the product .  

T h e  g rowing  need of  the agr icul tura l  
c o m m u n i t y  for quan t i t a t ive  de te rmina t ions  
of  nematodes  in soil samples, and  of  the 
necessity to the science to preserve the bio- 
logical qua l i ty  in nema tode  extract ions  
f rom soil, requires  more  c i rcumspect ion  in 
separatory procedures.  I t  seems naive to ex- 
pect  the thousands  of  species of  nematodes  
to behave ident ical ly  in sucrose solutions of  
specific densi ty 1.2 g m / m l  or  tha t  their  bio- 
logical qua l i ty  should  r ema in  h ighly  pre- 
served. Th i s  r epor t  explores the behaviora l  
and  sed imenta t ion  propert ies  of  four  species 
of  nematodes  in solutions of  different  den- 
sities p repa red  f rom five different solutes. 
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M A T E R I A L S  A N D  M E T H O D S  

Clean stocks of  Pratylenchus vulnus 
(Alien & Jensen,  1951), Criconemella xeno- 
plax (Raski, 1952) Luc  & Raski,  1981, 
Xiphinema index ( T h o r n e  & Allen,  1950), 
and  Meloidogyne incognita (Kofoid 8¢ 
Whi te ,  1919) Chi twood,  1949 were ob ta ined  
f rom labora to ry  or  greenhouse  cultures by 
ex t rac t ion  methods  o ther  than  densi ty flota- 
tion. Densi ty solut ions were p repared  f rom 
chemical ly  pure  zinc sulfate, magnes ium sul- 
fate, commercia l  household  sugar, Ficoll, 
and  Percoll.  Ficoll  is a synthetic,  h igh mole- 
cular  weight  po lymer  of sucrose and  epich- 
lorohydr in ,  whereas Percoll  is composed  of  
colloidal  silica coated wi th  polyvinyl  pyr- 
ro l idone;  bo th  are used in density grad ien t  
cen t r i fnga t ion  of cells, p rov ide  low osmolal- 
ity, and  are avai lable f rom Pharmac ia  Fine 
Chemicals.  

T h e  densi ty  separa t ion was carr ied ou t  
in the fo l lowing manne r :  an  a l iquan t  of  
50-100 nematodes  were placed in to  15-ml 
conical  centr i fuge tubes wi th  add i t iona l  
water  so tha t  the nematodes  were in suspen- 
sion in a 15-ml volume.  T h e  suspension was 
cent r i fuged  for 1 m in  at 700 × g after  wh ich  
the supe rna t an t  was decanted.  Densi ty solu- 
t ion (15 ml) was added  to the pellet  and  
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Fig. 1. The responses of Pratylenchus vulnus to solutions 
of different specific gravities prepared with the five solutes 
indicated. Open circles indicate the motility percentage of 
the recovered population at each specific gravity tested. Filled 
circles indicate the percentage of the motile population re- 
covered from suspension. Standard deviation (SD) for averages 
of the motile population recovered from suspension are in- 
dicated; absence of indicators means the SD lies within the 
point. Osmolarity of solutions are indicated for the rapidly 
changing portions of the curve. 

the suspens ion  stirred v igorous ly  then  again 
centr i fuged for 1 m i n  at 700 × g. T h e  sus- 
pens ion  was poured  through  a 38-~M mesh  
Screen; the screenings were  rinsed off in to  a 
petri  dish w i th  water  and counted.  T h e  
pe l l e t  was washed  in to  another  petri  dish 
w i t h  water  and the n e m a t o d e s  counted .  
Each n e m a t o d e  was tested for mot i l i ty ;  a 
m o t i l e  n e m a t o d e  was def ined as one  which  
m o v e d  spontaneous ly  or responded  to a 
touch s t imulus .  Os mo la l i t y  was d e t e r m i n e d  

w i t h  a freezing po in t  o s m o m e t e r .  T h e  ex- 
p e r i m e n t  was  repl icated  s ix  t imes.  

R E S U L T S  A N D  D I S C U S S I O N  

T h e  percentage  of  m o t i l e  n e m a t o d e s  
suspended  in five different  so lute  so lut ions  
of  varying densi t ies  and the percentage  of  
m o t i l e  n e m a t o d e s  in the p o p u l a t i o n  at these 
different densi t ies  are s u m m a r i z e d  in Figure  
1 (Pratylenchus vulnus), Figure 2 (Cri- 
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Fig. 2. T h e  responses of  Criconemella xenoplay to solutions 
of different specific gravities p repared  with the five solutes 
indicated.  Open circles indicate the moti l i ty percentage of the 
recovered populat ions  at each specific gravity tested. Filled 
circles indicate tile percentage of the moti le  popula t ion  re- 
cnvered from suspension. Standard deviat ion (SD) for averages 
of the moti le  popula t ion  recovered from suspension are indi- 
cated; absence of indicators means the SD lies wi thin  the 
point.  Osmolarity of solutions are imlicated for the rapidly 
changing port ions  of the curve. 

conemella xenoplax), Figure 3 (Xiphinema 
index), and Figure 4 (Meloidogyne incog- 
nita). 

For a nematode to remain in suspension 
or to float, the density of the bathing solu- 
tion must be equal to, or greater than, the 
average density of the nematode particle. 
T h e  body wall separates the nematode from 
the environment;  within the wall an effec- 
tive semipermeable membrane  serves to pre- 
serve the solute balance between the body 

fluids and the bathing solution. I t  is known 
that nematodes respond differently, depend- 
ing upon the solute used in making up the 
hypertonic solution (3,8). In solutions of 
low hypertonicity, the nematode shrinks 
more longitudinally than radially; with in- 
creasing hypertonicity o[ salt solutions, the 
nematode continues to exosmose and shrink 
so that the body wall takes on an accordion- 
like appearance after which the body dis- 
torts and collapses. In hypertonic solutions 
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Fig. 3. The responses of Xiphinema index to solutions of 
different specific gravities prepared with the five solutes indi- 
cated. Open circles indicate the motility percentage of the re- 
covered populations at each specific gravity tested. Filled 
circles indicate the percentage of the motile population re- 
covered from suspension. Standard deviation (SD) for averages 
of the motile population recovered from suspension are indi- 
cated; absence of indicators means the SD lies within the 
point. Osmolarity of solutions are indicated for the rapidly 
changing portions of the curve. 

of  sugar, the nematode,  after the initial 
shrinkage, exosmoses and collapses to a 
r ibbon form. 

Nematodes  treated with hypertonic solu- 
tions may or may not  recover when  trans- 
ferred back into  water, depending upon the 
solute used to make up the hypertonic me- 
dium, the strength of the hypertonic  me- 
dium, the length of treatment, and the 

nematode  species involved. Ficoll  and Per- 
coll constitute a different class of  com- 
pounds in that they can be dissolved in 
water to increase density but are osmotical ly 
much  less active than the other compounds  
used. Nematodes  immersed in solutions of 
these substances exosmose very little; more 
oF the animals remain spontaneously  active, 
not  only  after transfer to water, but while  
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Fig. 4. The responses of Meloidogyne incognita to solutions 
of different  specific gravities prepared with the five solutes 
indicated. Open circles indicate the motility percenlage oi the 
recovered populations at each specific gravity tested. Filled 
circles indicate the percentage of the motile population re- 
covered from suspension. Standard deviation (SD) for averages 
of the  mot i le  population recovered from suspension are indi- 
cated; absence of indicators means the SD lies within the 
point. Osmolarity of solutions are indicated for the rapidly 
changing portions of the curve.  

immersed in density solutions. Unfortu- 
nately, the motility evaluation is an im- 
precise determination; normally when 
nematodes immersed in osmotically active 
solutions are transferred into water, the 
proportion of animals that are spontane- 
ously active to those that are responsive to 
touch stimulus decreases with increasing 
solute density. The  decrease in motility for 
all four nematodes at high densities of mag- 

nesium sulfate, as well as for C. xenoplax 
and X. index in sugar solutions, is reflective 
of increasing injury to nematodes with in- 
creasing hypertonicity. Furthermore, the 
different responses illustrate the differential 
sensitivity of nematodes to density and, per- 
haps more important, to hypertonicity and 
other solute properties. It is clear that in all 
cases, except for X. index immersed in solu- 
tions of approximately 1.28 sp gr prepared 
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w i t h  m a g n e s i u m  sul fa te  or  sugar ,  m e m b r a n e  
func t ion  exis ted.  I n  b o t h  excep t ions ,  mot i l -  
i ty  a n d  b u o y a n c y  fall  to zero. T h i s  suggests 
a co l lapse  in  m e m b r a n e  f u n c t i o n  the reby  
a l l o w i n g  free exchange  of i m m e r s i o n  solu- 
t ion  t h r o u g h  the  X.  index b o d y  wal l ;  u n d e r  
c e n t r i f u g a t i o n  the d e a d  n e m a t o d e s  p rec ip i -  
ta te  a n d  col lect  in  the  pel le t .  T h e  m o t i l i t y  
d e t e r m i n a t i o n  cons t i tu tes  a c rude  a p p r o x i -  
m a t i o n  of n e m a t o d e  i n j u r y  w i th  inc reas ing  
dens i ty  so lu t ions .  T h e  dens i ty  at  wh ich  
o t h e r  n e m a t o d e  p r o p e r t i e s  (e.g., d i spers ion ,  
sensory func t ion ,  p e n e t r a t i o n ,  d e v e l o p m e n t ,  
a n d  r e p r o d u c t i o n )  become  i m p a i r e d  have  
yet  to  be  d e t e r m i n e d .  I f  dens i ty  f lo ta t ion  is 
to be used  as an  e x t r a c t i o n  p r o c e d u r e  for  a 
t a rge t  nema tode ,  i t  appea r s  p r u d e n t  to  
u t i l i ze  the  lowest  effective dens i ty  us ing  a 
so lu te  p r o d u c i n g  the lowest  osmot ic  activ- 
ity. Never theless ,  o t h e r  factors a re  invo lved ;  
e.g., X.  index-Ficoll, where  a p o l y m e r  at  low 
dens i ty  a n d  very low osmot ic  ac t iv i ty  re- 
duces  m o t i l i t y  as does  MgSO4 at  the  same 
dens i ty  b u t  a t  h ighe r  osmola l i ty .  T h e  mech-  
an i sm by wh ich  a s u p p o s e d l y  b e n i g n  syn- 
the t i c  p o l y m e r  p r e p a r a t i o n  reduces  m o t i l i t y  
of X. index b u t  no t  the  o t h e r  n e m a t o d e s  is 
open  to specu la t ion .  T h e s e  resul ts  have 
been  based  u p o n  the  use of  p u r e  n e m a t o d e  
p o p u l a t i o n s ,  p u r e  so lu te  solu t ions ,  a n d  one  
o p e r a t o r  f a i t h fu l l y  e n d e a v o r i n g  to r ep ro -  
duce  each  ope ra t i on .  I t  r e m a i n s  to be  estab- 
l i shed  to  w h a t  degree  va r ious  soil  types, 
associa ted  debr is ,  or  d i f fe ren t  o p e r a t o r s  have  

on  the  r e l i a b i l i t y  of the  e x t r a c t i o n  process.  
I n  s u m m a r y  i t  a ppe a r s  tha t  there  m a y  be  
m o r e  a p p r o p r i a t e  so lu te  so lu t ions  t h a n  the 
c o n v e n t i o n a l  sucrose s o l u t i o n  for the  ex- 
t r ac t i on  of  ce r t a in  n e m a t o d e s  (2). F u r t h e r -  
more ,  resu l t s  suggest  t ha t  ce r t a in  n e m a t o d e  
species m a y  be  s e p a r a t e d  to over  75% pur -  
i ty  by  the  a p p r o p r i a t e  se lec t ion  of  solutes  
a n d  dens i t ies .  
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