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Extraction Efficiency of Belonolaimus Iongicaudatus 
from S a n d y  Soi l  1 

R. McSoRT.EY AND J. J. FREDERICK 2 

Abstract: Numbers of Belonolaimus longicaudatus extracted from sandy soils (91-92% sand) by 
sieving and centrifugation were only 40-55% of those extracted by sieving and incubation on a 
Baermann tray. Residues normally discarded at each step of  the sieving plus Baermann tray ex- 
traction procedure were examined for nematodes to obtain estimates of  extraction efficiencies. For 
third-stage and fourth-stage juveniles, males, and females, estimates of  extraction efficiency ranged 
from 60 to 65% in one experiment and 73 to 82% in another. Estimated extraction efficiencies for 
second-stage juveniles were lower (33% in one experiment, 67% in another) due to losses during 
sieving. When sterilized soil was seeded with known numbers of B. longicaudatus, 60% of second- 
stage juveniles and 68-76% of other stages were recovered. Most stages of B. longicaudatus could 
be extracted from these soils'by sieving plus Baermann incubation with an efficiency of 60-70%. 

Key words: Belonolaimus longicaudatus, extraction efficiency, nematode, population estimation, Pra- 
tylenchus brachyurus, quantitative nematology, sting nematode. 

Extraction efficiency is a useful concept 
in quantitative nematology, but reported 
extraction efficiencies range widely (6). 
This is expected, because of  differences in 
soil type, nematode population structure, 
slight modifications to standard extraction 
techniques, operator variability, and the 
experimental procedure  by which extrac- 
tion efficiency is estimated. Extraction ef- 
ficiency can be determined by artificial 
seeding and recovery of nematodes from 
soil samples, by direct examination of  small 
soil samples, or by examining residues dis- 
carded during extraction for nematodes 
that would be lost. Because er ror  is in- 
volved in the estimation of  extraction ef- 
ficiencies, it may be undesirable to rou- 
tinely apply extraction efficiencies to all 
quant i ta t ive  n e m a t o d e  data  (8). When  
comparing counts obtained by the same 
methodology, similar relative errors may 
occur in all samples. However, in studies 
requiring accurate population estimates, 
particularly at low densities, an estimate of 
extraction efficiency may aid in interpre- 
tation of  data. 

The  sting nematode,  Belonolaimus longi- 
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caudatus, can be damaging at low popula- 
tion levels (7), requiring accurate estimates 
of  low densities. No estimates of  extraction 
efficiency are available for this nematode,  
and few recommendations on extraction 
methodology exist. In North Carolina, re- 
coveries of  B. longicaudatus by centrifuga- 
tion and by Baermann funnels were similar 
for various sampling times and locations 
(1). Baermann methodology continues to 
be modified and improved (12), however, 
and there has been some concern that large 
nematodes may not be extracted as well by 
cen t r i fuga t ion  (6). For  example ,  m o r e  
Xiphinema index were recovered from three 
types of  soil by sieving and Baermann fun- 
nel than by sieving and centrifugation (16). 
Potential loss of  large nematodes is a major 
concern with B. longicaudatus because adults 
are longer than Xiphinema spp. The  range 
of lengths observed amongB, longicaudatus 
life stages may require the development of 
stage-specific extraction efficiencies (14). 

The  objectives of  this study were to com- 
pare sieving and centrifugation to sieving 
and Baermann incubation for extraction 
of B. longicaudatus and to estimate the ef- 
ficiency for extracting B. longicaudatus us- 
ing sieving and Baermann incubation. Ex- 
t rac t ion  efficiencies were  es t imated  by 
examining nematode losses in extraction 
residues and by adding known numbers of  
nematodes to samples. 
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MATERIALS AND METHODS 

Comparison of Baermann tray vs. centrifu- 
gation: This experiment was conducted 
twice in August 1989. Soils used were an 
Arredondo fine sand (92% sand, 3% silt, 
5% clay; pH 6.1; < 1% organic matter) 
collected from a sugarcane (Saccharum sp.) 
field and a similar soil (91% sand, 3 % silt, 
6% clay; pH 6.0; 1.2% organic matter) ob- 
tained from an alyceclover (Alysicarpus spp.) 
field infested with Pratylenchus brachyurus 
as well as B. longicaudatus. The fields were 
1 km apart on the University of  Florida 
campus in Gainesville. 

A 3-liter sample of each sandy field soil 
naturally infested with B. longicaudatus was 
collected and mixed. Sixteen 100-cm 3 sub- 
samples were removed for extraction, eight 
by Baermann tray and eight by centrifu- 
gation. The  procedure used for extracting 
B. longicaudatus in Baermann trays is out- 
lined in Figure 1. The  incubation chamber 
was a covered plastic sandwich box, 13.5 
cm square x 4 cm high. The residue rinsed 
from the 38-~m sieve was placed on two 
layers of  tissue paper (Kimwipes, Kimberly- 
Clark Corp., Roswell, GA) supported on a 
1-mm-mesh window screen glued between 
two 10.5-cm-i.d. polyvinylchloride pipe 
sections (I 3); the upper section was 15 mm 
high and the lower section was 8 mm high. 
The  total volume of  water in the tray was 
ca. 100 ml. Samples for extraction by cen- 
trifugation were sieved similarly (Fig. 1), 
but residues from the 38-#m sieve were 
placed in a sucrose solution (454 g/ l i ter  of  
water) in 50-ml centrifuge tubes for fur- 
ther extraction (5,9). 

Extraction efficiency based on losses during 
extraction: Eight 100-cm s subsamples of the 
sugarcane field soil were extracted by the 
standard Baermann tray procedure out- 
lined in Figure 1. At the steps designated, 
residues which would normally be discard- 
ed were saved and checked for nematodes. 
These counts represent nematodes that 
would be lost during the extraction pro- 
cedure and are reported as numbers lost 
per 100 counted from a standard extrac- 
tion. If  losses per 100 nematodes counted 

are summed over all steps in the proce- 
dure, then extraction efficiency (9) is given 
by the following: Extraction efficiency = 
100/(100 + sum of all losses). 

This experiment was repeated with the 
alyceclover soil, a l though  some check 
points in Figure 1 were omitted because 
few adult B. longicaudatus were found at 
these points in the previous experiment. 

Extraction efficiency based on numbers added 
to soil: Belonolaimus longicaudatus were 
reared on bermudagrass (Cynodon dactylon) 
in a shadehouse and extracted on Baer- 
mann trays set up 3 days before inocula- 
tion. After 2 days of  extraction, nematodes 
obtained from all trays were mixed and 
divided into 24 equal portions. Nematodes 
in each portion were counted and main- 
tained at 24 C in a watchglass overnight. 

Soil (ca. 3 liters) for the experiment was 
obtained from the sugarcane field and 
placed in an oven at 100 C for 24 hours. 
The  four treatments, each replicated six 
times, involved addition of  known num- 
bers of  nematodes at different points of the 
extraction procedure (Fig. 1). In the  first 
treatment, "addition to soil," nematodes 
were added to the 100-cm 3 soil subsample 
immediately before extraction (prior to step 
#1). For "addition to soil suspension," a 
100-cm 3 subsample was extracted, and 
nematodes were added directly to the soil 
suspension (prior to step #3). For "addition 
to Baermann with residue," a clean residue 
was added to the Baermann tray (step #4) 
and nematodes were added to the extrac- 
tion at this point. Finally, Baermann trays 
without any soil residues were prepared 
and nematodes were added in water above 
the  tissue for  " add i t i on  to Bae rmann  
without residue." For all treatments, nema- 
todes extracted after 48 hours were count- 
ed, percentages recovered were deter- 
mined, and treatment differences (P - 
0.05) were tested by analysis of variance, 
followed by mean separation using Dun- 
can's multiple-range test (3). 

A second experiment was conducted to 
determine the effect of residue in the Baer- 
mann trays on extraction efficiency. Belono- 
laimus longicaudatus was obtained from aly- 
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STANDARD BAERMANN TRAY PROCEDURE 

1. Suspend 100-cm 5 soil sample in 
1,800 ml water in pitcher. 

¢ 

2. Allow suspension to settle 
10 seconds. 

¢ 

3. Pour suspension through 20-cm-d 
38-pro sieve held at 45 ° angle. 

A , B  

4. Rinse residue caught on sieve 
into Baermann tray. 

¢c 
5. Incubate covered tray for 

48 hours at 24C. 

6. Remove screen and filter 
paper from tray. 

IPD 
7. Pour contents of tray 

through 25-pro sieve. 

E,F 

8. Rinse residue caught on 
sieve into counting dish. 

G, H 

CHECK POINTS FOR 
EXTRACTION LOSSES 

A. Catch material passing 
through 38-pm sieve on 
25-pm sieve. 

B. Resuspend soil residue 
and repeat entire 
procedure, except 
substituting 8-cm-d 
25-pro sieve for 38-pm 
at step #3. 

C. Re-rinse sieve and count. 

D. Set screen and filter 
aside to check drippings and 
rinse underside of screen. 

E. Catch water passing 
through sieve and check. 

F. Re-rinse tray and count. 

G. Re-rinse sieve and count. 

H. Put Baermann tray back 
together and re-examine 
after 96 and 168 hours. 

FIG. 1. Steps involved in extraction of nematodes using sieving followed by incubation on a Baermann 
tray, and points at which extraction residues were checked for losses of  nematodes. 

ceclover  field soil by the p r o c e d u r e  
descr ibed  for  the  b e r m u d a g r a s s  soil. 
Treatments  consisted of  three different 
kinds of  residues added to Baermann trays 
along with nematodes (step #4). Residues 
were obtained by extracting 100-cm s sub- 
samples of  either sand or potting soil, both 
of  which were nematode free. The  three 
treatments were potting soil residue (3.58 
+ 0.19 g dry weight of  residue per  tray, 
mostly organic matter), sand residue (0.1 
+ 0 g dry weight of  residue per tray), and 

no residue. Other  methods and data anal- 
ysis were identical to those of  the previous 
experiment. All extractions in every de- 
scribed experiment were conducted by the 
same operator,  in an effort to avoid the 
variability which can result from changing 
operators (8). 

RESULTS 

Comparison of Baermann tray vs. centrifu- 
gation: In both experiments and for all life 
stages, more B. longicaudatus were extract- 

1 
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T~d~J,E 1. N u m b e r s  o f  n e m a t o d e s  ex t r ac t ed  f r o m  sug a r c a ne  o r  alyceclover field soil (100 cm s) u s ing  s ieving 
p lus  c en t r i f uga t i on  o r  s ieving p lus  B a e r m a n n  tray. 

Belonolaimus longicaudatus Pratylenchus 
brachyurus 

Extraction method J2 t  J 3 - 4 t  Males Females All stages (all stages) 

Cen t r i f uga t i on  (CF) 30.2 ± 2.2 
B a e r m a n n  t ray (BT) 74.8 + 8.4 

CF as % o f  B T  40 .5% 

C e n t r i f u g a t i o n  (CF) 19.6 _+ 3.1 
B a e r m a n n  t ray (BT) 43.6 ± 3.4 

CF as % o f  B T  45.0% 

S u g a r c a n e  soil 

23.9 ± 1.8 5.6 + 1.0 19.6 + 1.7 79.4 + 3.3 --z~ 
44.1 ± 4.9 12.8 ± 1.7 41.2 + 4.9 172.9 ± 19.0 

54.1% 44.1% 47.6% 45.9% - -  

Alyceclover  soil 

17.8 + 1.8 1.7 ± 0.5 4.2 + 1.0 43 .4  ± 4.6 40 .9  + 3.1 
40.6 ± 2.5 4.1 + 0.8 10.1 + 0.8 98.5 + 3.8 59.4 ± 6.2 

43 .7% 42.5% 42.0% 44.0% 68.8% 

All data are means _+ standard error of eight replications. In all cases, numbers obtained using the Baermann tray were 
greater (P -< 0.05) than those obtained using centrifugation, according to an F-test. 

t J2 = second-stage juveniles; J3-4  = third-stage and fourth-stage juveniles. 
z~ No P. brachyurus recovered. 

ed by sieving plus Baermann tray extrac- 
tion (P _< 0.05) than by sieving plus cen- 
trifugation (Table 1). Numbers  extracted 
by centrifugation were only 40-54% of 
those extracted on Baermann trays, a dif- 
ference that was fairly consistent in both 
experiments and for all stages. In contrast, 
numbers ofP.  brachyurus extracted by cen- 
trifugation were almost 69% of those ex- 
tracted on Baermann trays. 

Extraction efficiency based on losses during 
extraction: Detailed examination of  residues 
discarded during Baermann tray extrac- 
tion revealed losses at many points during 
the 48-hour extraction period (Table 2). 
The  greatest loss was in the soil residue 
remaining behind after sieving the soil sus- 
pension (step #3). When this residue was 
resuspended and the extraction process re- 
peated, an additional 22-23 B. longicau- 

TABLE 2. Es t ima ted  losses ofBelonolaimus longicaudatus per  100 c o u n t e d  in a s t anda rd  coun t  d u r i n g  s ieving 
p lus  B a e r m a n n  t ray ex t r ac t i on  o f  soil f r om a s u g a r c a n e  field. 

Extraction loss t J2 J3-~4 Male Female 

Passed  t h r o u g h  38-#m sieve (A) 20.4 + 2 ,4  4,0 _+ 0,9 0.4 + 
Passed t h r o u g h  25-um sieve (A) 3.1 ± 0.7 0 0 
R e c o v e r e d  a f te r  r e su spens i on  o f  soil (B) 22.9 ± 5.5 23.1 + 4.9 21.9 + 
Passed t h r o u g h  sieve d u r i n g  r e suspens i on  

o f  soil (B, A) 1.2 + 0.7 0 0.1 _+ 
R e c o v e r e d  af te r  2 n d  r e suspens i on  o f  soil 

(B) 3.7 ± 1.7 2.0 + 0.8 4.7 + 
R insed  f r o m  38-/zm sieve (C) 0.2 + 0.2 0.9 + 0.6 0.1 + 
Dr ipped  f r o m  sc reen  (D) 0.3 ± 0.3 0 0.1 ± 0.1 
Passed  t h r o u g h  25-/zm sieve (E) 11.5 + 2.7 0.5 + 0.5 0.1 + 0.1 
Rinsed  f rom tray (F) 0.3 + 0.3 0 0.1 ± 0.1 
Rinsed  f r o m  25-tim sieve (G) 0.8 ± 0.6 0.9 + 0.6 0.2 ± 0.1 
Recovery  at  96 h o u r s  (H)z~ 92.9 ± 15.9 23.8 + 5.3 18.9 + 4.2 
Recove ry  at  168 h o u r s  (H)~ 46.0 + 6.4 11,1 + 3.3 6,6 + 1.2 

T o t a l  losses 203.3 66.4 53,2 
Ex t rac t ion  efficiency§ 33.0% 60.1% 65,2% 

0.2 0.4 ± 0.2 
0 

2.7 22.9 ± 3.2 

0.1 0 

0.8 6.3 ± 1.3 
0.I  0 

0 
0.4 ± 0.2 
0.7 + 0.2 
0.3 + 0.2 

20.5 + 3.9 
9.2 + 2.9 

6O.7 
62.2% 

A standard count is the number of  nematodes recovered after 48 hours following the steps in Figure 1. J2 = second-stage 
juveniles; J3 -4  = third-stage and fourth-stage juveniles. 

t Losses refer to check points A-H  in Figure 1. 
~. These are considered losses because the standard count is made at 48 hours, at which time these residues would normally 

be discarded. 
§ Extraction efficiency = 100/(100 + total losses). 
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TABLE 3. Es t ima ted  n e m a t o d e  losses p e r  100 c o u n t e d  in a s t anda rd  c o u n t  d u r i n g  s ieving p lus  B a e r m a n n  
t ray  ex t r ac t i on  o f  soil f r o m  an  a lyceclover  field. 

Belonolaimus longicaudatus 

Extraction loss'l" J2 J3-4  Male Female 

Pratylenchus 
brachyurus 
(all stages) 

Passed  t h r o u g h  38-/~m sieve (A) 10.1 + 1.6 
R e c o v e r e d  af te r  r e su spens i on  o f  soil (B) 13.1 --- 2.4 
Recove r e d  a f te r  2nd  r e suspens i on  o f  soil (B) 1.8 + 0.7 
R e c o v e r e d  af te r  3 rd  r e suspens i on  o f  soil (B) 0 
Passed  t h r o u g h  25-gm sieve (E) 3.4 + 1.0 
Rinsed  f r o m  t ray  (F) 6.6 + 0.4 
R insed  f r o m  25-~m sieve (G) 1.4 + 0.8 
Recovery  at  96 h o u r s  (H)~ 11.4 + 1.9 
Recovery  at  168 h o u r s  (H):~ 7.1 + 2.1 

T o t a l  losses 48 .8  
Ex t rac t ion  efficiency§ 67.2% 

1.2 + 0.6 0 0 8.4 _+ 2.3 
15.9 + 3.0 13.6 + 4.4 8.1 + 2.3 29.2--+ 6.5 

0.9 "4- 0.4 3.1 + 3.1 0 19.2 _+ 7.9 
0.6 + 0.4 0 0 6.6 + 3.5 

0 0 0 23.7 --+ 2.5 
0.6 + 0.4 0 1.3 ----- 0.9 0.3 --+ 0.3 
0.3 ----. 0.3 0 0.8 + 0.8 2.6 + 0.6 

11.0 + 1.5 5.0 + 5.0 7.6--+ 2.1 70.4--+ 6.5 
6.3----. 1.4 6.9 + 3.6 3.7 + 1.2 77.2--+ 8.0 

36.9 28.6 21.6 237.4  
73.1% 77.8% 82.3% 29.6% 

A standard count is the number of  nematodes recovered after 48 hours following the steps in Figure 1. J2 = second-stage 
juveniles; J3-4  = third-stage and fourth-stage juveniles. 

Losses refer to check points A-H  in Figure 1. 
z~ These are considered losses because the standard count is made at 48 hours, at which time these residues would normally 

be discarded. 
§ Extraction efficiency = 100/(100 + total losses). 

datus could be obtained for each 100 
counted. Other  losses, such as the number  
of  nematodes passing through the sieves, 
were greater for second-stage juveniles (J2) 
than for third-stage and fourth-stage ju- 
veniles (J3-4) or  adults. When Baermann 
trays were put  back together,  many addi- 
tional nematodes (particularly J2) were ex- 
tracted from them at 96 and 168 hours. 
This represents an additional and fairly 
large loss, since the standard 48-hour in- 
cubation time was insufficient to extract 
these nematodes from residues. Resulting 
extraction efficiency for J2 was only 33%, 
compared to 60-65% for other  stages. 

In the experiment using a different soil 
(Table 3), losses were not as great, with 
67% of J2 and 73-82% of  other  B. longi- 
caudatus stages extracted. In contrast, the 
ca lcula ted  ex t r ac t ion  efficiency for  P. 
brachyurus from this soil was only 30%, since 
many individuals remained in the residue 
on the tray up to 96 or  168 hours. 

Extraction efficiency based on numbers added 
to soil: When nematodes were added di- 
rectly to sterilized sugarcane field soil (92% 
sand), 60-76% were recovered in a stan- 
dard 48-hour Baermann extraction (Table 
4). Recovery was similar whether  B. longi- 
caudatus were added to the soil, to the soil 

suspension in water, or  to residues in the 
Baermann trays, but  was increased (P _ 
0.05) for J2 or all stages totalled if nema- 
todes were added to Baermann trays with- 
out a residue. The  importance of  the tray 
residue on extraction efficiency is illustrat- 
ed by the second experiment (Table 4) in 
which residues from potting soil resulted 
in lower extraction efficiencies of  B. lon- 
gicaudatus (33-46%) than did residues from 
sand (83-92%) or no residues (87-95%). 
Residue on the tray had less effect on P. 
brachyurus recovery (Table 4). 

D I S C U S S I O N  

The  relatively high recovery of  B. lon- 
gicaudatus from sand residues on Baer- 
mann trays is encouraging and probably 
applicable in most field situations, because 
the nematode is usually found in soils with 
high sand content (11). If  soil organic mat- 
ter is less than 1-2%, however, extraction 
efficiency should be checked, because or- 
ganic matter  on the trays can affect recov- 
ery. 

Although for many nematode species ex- 
traction by centrifugation is considered to 
be more efficient than by modified Baer- 
mann methods (6), we found that B. lon- 
gicaudatus was extracted much more effi- 



516 Journal of Nematology, Volume 23, No. 4, October 1991 

0 

e~ 
fi 

2 
09 

N 

e~ 

0 ¢. 

e~ 

o 

$ 

Z 

M 

k~ 

-t4- 

+l +t +{ +1 +1 +1 +1 

~a +1 +1 +1 +1 +1 +1 +1 

, - :~6~, i  " " " 

0 

~ +,+,+1+, ~ +,+,+, 

o ~ 

• ~ "~, 

+, +, +, +, .~ +, +, +, 

+1 +1 +1 +1 +1 +l +1 

o = ~ .~ 

- - ~  ~ 
-~-~ 

2 2 2 o  ~-~ 

e~ 

. ~ d  "_~ 

I +' +' +' 

o 

2 
8 

o 

VI 

0 

o 

7~ 

8 
._= 

',- "r. 

~ s 

i- k 
N 

~ g 

el . 

ciently on  Bae rmann  trays. This  contrasts  
with results f rom N o r t h  Carol ina (1) which 
indicate similar ex t rac t ion  o f  B. longicau- 
datus by cen t r i fuga t ion  and a Bae rmann  
funnel  technique.  T h e r e  were  differences 
in soil types used in studies at the  two lo- 
cations (sandy loam or  loamy sand in N o r t h  
Carol ina vs. sand in Florida),  bu t  m o re  im- 
por tan t ,  the  Bae rmann  t echn ique  di f fered 
in the  two studies. O u r  t echn ique  includes 
sieving be fo re  incubat ion  instead o f  d i rect  
incubat ion  o f  soil. 

Ext rac t ion  efficiencies es t imated f ro m  
cumulat ive  losses were  lower fo r  J2 than  
for  o th e r  life stages o f  B. longicaudatus. In 
the  alyceclover  soil, this d i f ference  prob-  
ably was due  to losses t h r o u g h  sieves; in 
the  sugarcane soil, a large p ro p o r t i o n  o f  
J2  did not  e m e r g e  f ro m  residues until  a f te r  
48 hours. This  increase in emergence  could 
be due  to egg ha tch  or  in differences in J2  
vigor  be tween  the  two field populat ions.  
T h e r e  was some evidence that  J2  did not  
move  t h r o u g h  residues on  the  t ray as easily 
as the o th e r  stages did. Egg ha tch  in Baer- 
mann  trays can occur  over  t ime (2), and it 
is also possible tha t  this e m e r g e n c e  o f  J2  
af ter  48 hours  was due  to egg hatch.  Re- 
covery o fP .  brachyurus increased marked ly  
af te r  48 hours ,  possibly also due  to egg 
hatch,  but  e m e r g e n c e  o f  Pratylenchus spp. 
f rom roo t  f ragments  also occurs  commonly  
in Bae rmann  funnels  (1). 

For  life stages o f  B. longicaudatus o t h e r  
than  J2,  some differences were  observed  
be tween  es t imated ex t rac t ion  efficiencies 
f rom the  sugarcane field soil (60-65%)  and  
the alyceclover  field soil (73-82  %). Slightly 
h igher  estimates were  expec ted  with the  
alyceclover  soil, since fewer  check points  
were  evaluated  for  losses. Despite the sim- 
ilarity o f  the soils used in b o th  exper i -  
ments ,  t he re  may be u n m e a s u r e d  differ- 
ences in the  association o f  nematodes  with 
the  soil particles, or  in the  heal th  and ac- 
tivity o f  the  two popula t ions  o f  B. longicau- 
datus. We hypothes ize  dif ferences  in pop-  
ulat ion s t ruc ture  be tween  the  two sites 
because o f  the increase in J2  recovery ,  pos- 
sibly f ro m  egg ha tch  in the  sugarcane field 
soil. 
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In addi t ion  to examina t ion  o f  losses in 
ext rac t ion  residues, artificial seeding o f  soil 
samples or  d i rec t  examina t ion  o f  soil (6) 
can also be used to es t imate  ex t rac t ion  ef- 
ficiency. We found  d i rec t  examina t ion  o f  
soil too tedious and samples too dir ty to 
est imate n e m a t o d e  number s  reliably, and 
t h e r e f o r e  we did no t  comple te  any exper-  
iments  with this technique .  T h e  a m o u n t  o f  
soil typically examined  in d i rec t  examina-  
t ion studies (10) is much  less than  the  100- 
cm s used in o u r  s tandard  ex t rac t ion  pro-  
cedure ,  which poses an addi t ional  difficulty 
in c om p a r i n g  methods .  In o u r  exper i -  
ments ,  es t imat ion o f  ex t rac t ion  efficiency 
by artificial seeding and  recovery  yielded 
estimates o f  6 8 - 7 6 %  for  J 3 - 4 ,  males, 
and females o f  B. longicaudatus. Compa-  
rable  estimates o f  6 0 - 6 5 %  were  ob ta ined  
for  the same soil by tabulat ing ex t rac t ion  
losses. Both  me thods  o f  est imating effi- 
ciencies are  subject  to  some er rors .  Despite 
t h o r o u g h  checking  o f  many  ex t rac t ion  
steps, some losses p robab ly  went  unnot -  
iced, and  so estimates o f  6 0 - 6 5 %  extrac-  
tion efficiency obta ined  by this m e t h o d  may 
be slightly high. W h e n  samples are  artifi- 
cially seeded,  nematodes  may not  be  com- 
pletely inco rpora t ed  into soil aggregates  
(4), and the re fo re  ext rac t ion  efficiency may 
be overes t imated .  Similar r ecovery  o f  B. 
longicaudatus, w h e t h e r  they were  added  to 
soil, to suspensions, o r  to  residues on  trays, 
suggests incomple te  inco rpora t ion  into the 
soil by the seeding p r o c e d u r e  used. 

A l though  d i f ferent  me thodo logy  would 
be  expec t ed  to resul t  in somewhat  d i f ferent  
est imates o f  ex t rac t ion  efficiency, results 
ob ta ined  in the  various expe r imen t s  h e r e  
were  fairly similar. Fo r  the  p r o c e d u r e  out-  
l ined here ,  ex t rac t ion  efficiencies for  most  
stages ofB. longicaudatus were probably  6 0 -  
70%. Cent r i fuga t ion  was only abou t  45% 
as efficient as B a e r m a n n  tray ext rac t ion ,  
giving p robab le  ex t rac t ion  efficiencies fo r  
cen t r i fuga t ion  o f  2 7 - 3 2 % .  Because o f  in- 
creased losses t h r o u g h  sieves, ex t rac t ion  
efficiency for  J2  was slightly less than  for  
the  o th e r  stages. 

Some est imate o f  the  egg f rac t ion  o f  a 
B. longicaudatus popula t ion  could be  ob- 

rained by observing  recovery  o f  J2  b ey o n d  
the  no rma l  48 -hour  incubat ion  t ime, bu t  
addi t ional  studies o f  the ex t rac t ion  effi- 
ciency for  eggs are  needed .  In most  cases, 
ex t rac t ion  efficiency can be  increased by 
incubat ion  b ey o n d  48 hours.  Th is  is par- 
t icularly t rue  for  Pratylenchus spp. (15), 
which can e m e r g e  f ro m  eggs and ro o t  frag- 
ments  in soil ove r  a week o r  more .  T h e  
length  o f  t ime for  B a e r m a n n  incubat ion  
depends on  the goals o f  the part icular  study, 
and a 48 -hour  incubat ion  t ime is, in a sense, 
a compromise  be tween  two ex t remes .  I f  
every  infect ive unit  (adults, juveni les ,  eggs 
in soil; all stages in roots)  is to be assayed, 
t hen  a long incubat ion  t ime is p re fe rab le .  
I f  an ins tantaneous  examina t ion  o f  popu-  
lation s t ruc tu re  is desired,  t h en  a very  rap- 
id m e t h o d  such as cen t r i fuga t ion  is pre-  
fe r red .  Lo n g  incubat ion  will resul t  in an 
incor rec t  impression o f  popula t ion  struc- 
ture ,  since m o r e  eggs will ha tch  and be 
coun ted  as juveniles .  
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