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Disc-Electrophoretic Studies of Soluble Proteins and Enzymes of 
Meloidogyne incognita and M. arenaria ~ 

R. S. HUSSEY, J. N. SASSER, and D. HUISINGH 2 

Abstract: Soluble-protein and eight enzyme profiles obtained by polyacrylamide-gel electrophoresis were 
compared between Meloidogyne incognita and M. arenaria. Esterase, malate dehydrogenase, and 
~-glycerophosphate dehydrogenase patterns were distinctly characteristic for each species. Peroxidase and 
oeglycerophosphate dehydrogenase isoenzyme patterns varied when nematodes were propagated on different 
host plants. Similar profiles were obtained for two populations within each species. Antigenic proteins of 
these two species were compared following separation by electrophoresis. Key words: peroxidase, root-knot 
nematodes, characterization, antigens. 

Electrophoresis of proteins is a promising 
tool for identification and characterization of 
nematodes (1, 4, 5, 6, 7, 10, 18). Soluble 

Rece ived  for publ i ca t ion  5 N o v e m b e r  1 9 7 1 .  

I Journal  Series  Paper No .  3 6 1 4  of  the  N o r t h  Carolina 
State  Univers i ty  Agricultural  E x p e r i m e n t  Stat ion,  
Raleigh,  N o r t h  Carolina.  S u p p o r t e d  by  Cooperat ive  
State  Research Service U S D A  Grant  N o .  916-15-10 .  
The  use  of  trade n a m e s  in this  pub l i ca t ion  d o e s  n o t  
i m p l y  e n d o r s e m e n t  b y  t h e  N o r t h  Carolina 
A g r i c u l t u r a l  E x p e r i m e n t  Stat ion  over  similar 

2 product s  n o t  m e n t i o n e d .  
D e p a r t m e n t  o f  Plant Patho logy ,  North  Carolina State  
Univers i ty ,  Raleigh,  North  Carolina 2 7 6 0 7 .  T h e  
authors  a c k n o w l e d g e  the  technica l  assistance o f  
Lteselotte  Connl f f  and D a n n y  Powel l ,  and figures b y  
Marvin Williams. 

protein and certain enzyme patterns were 
characteristic for the genera Meloidogyne, 
Heterodera, Ditylenchus, and Aphelenchus (4, 
5). Interspecif ic  differences in the genus 
Meloidogyne were also noted for certain 
electrophoretic patterns (4, 5). Ishibashi (12) 
reported that certain enzyme patterns of M. 
incognita varied, depending on the host plant 
used for propagating the nematodes. He also 
r e p o r t e d  m u l t i p l e  f o r m s  o f  l a c t a t e  
dehydrogenase for M. incognita. These results 
were  d i f f e r e n t  from results obtained by 
Dickson et al. (4). 

V a r i a t i o n  in results of electrophoretic 
analyses of nematode proteins can occur for 
many different reasons; e.g., 0)  methods of 
collecting and storing nematodes; 0i) stage of 
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nematode development; (ili) protein extraction 
procedure; (iv) storage of protein extract; and 
(v) methods of enzyme analysis. All of these 
may have a profound influence on either the 
electrophoretic mobility of the proteins, the 
number of isoenzymes that can be detected, or 
bo th .  Resul ts  of  p ro te in  analyses by 
e lec t rophores i s  ob ta ined  by d i f f e ren t  
investigators will be useful for nematode 
taxonomic and phylogenetic studies only if 
standardization of procedures is adopted; 
otherwise meaningful comparisons cannot be 
made. Chrambach and Rodbard (2) recently 
discussed the versatility of polyacrylamide-gel 
electrophoresis and the conditions necessary for 
pattern reproducibility. 

The objectives of our investigation were: to 
improve methods for electrophoretic analyses 
of  pro te ins  of  Meloidogyne species; to 
determine if differences can be detected 
between nematode populations; to determine if 
the host plant influences nematode enzyme 
patterns; and to compare antigenic proteins of 
two Meloidogyne species. 

MATERIALS AND METHODS 

Preparation of  protein extract. Adult 
f ema le s  of  two popu la t ions  each of  
Meloidogyne incognita (from Taiwan and Peru) 
and M. arenaria (from Virginia and Greece) 
were obtained as described previously (8). 
Adult female nematodes were washed with 
distilled water and suspended (1:1.5 v /v) in  
cold buffer at pH 7.4, freshly prepared from 
0.05 M potassium phosphate, 0.85% NaC1, and 
0.001 M MgC12. Nematodes were homogenized 
with the aid of powdered glass (200 mesh) in a 
Con-Torque® (Eberbach Corp., Ann Arbor, 
Mich.) powered Ten-Broeck tissue homogenizer 
cooled in an ice-water bath. The homogenate 
was centrifuged at 20,000 g for 30 min at 4 C, 
and the supernatant fluid was used as the 
source of proteins. During centrifugation, a 
viscous lipid layer collected on top of the 
supernatant fluid. Therefore, the supernatant 
fluid was carefully removed with a Pasteur 
pipette to prevent mixing with the lipid layer. 
Amount of proteins in the preparations was 
determined by the method of Lowry etal. (14) 
on trichloroacetic acid precipitate dissolved in 
0.1 N NaOH with bovine albumin as the 
standard. Protein preparations were stored on 
ice and used within 48 hr after homogenization. 

Electrophoresis.  Proteins of the two 
Meloidogyne species were separated by 

polyacrylamide-gel electrophoresis (3, 15). 
Sucrose (60 mg/ml) was added to the protein 
preparations to increase the density of the 
solution which then was layered on top of the 
spacer gel. Purified acrylamide (Ortec Inc., Oak 
Ridge, Tenn.) was used in these experiments. 
Since the concentration of the proteins in the 
preparations varied from 3.9-5.5 mg/ml, the 
volume of the preparation layered on top of the 
spacer gel was adjusted (35-50 ~liters) in order 
to apply approximately 200/ag of proteins/glass 
column of 5mm i.d. Electrophoresis was 
conduc ted  in a Po lyana ly s t®  (Buchler 
Instruments Division, Fort Lee, N.J.) at 3 
ma/column in an anionic system at 4 C and 
terminated when the marker dye migrated 
50 mm in a 7% separating gel. 

Soluble protein and enzyme analyses. 
Soluble proteins referred to in this paper are 
proteins soluble in dilute aqueous salt solutions 
(buf fer ) .  So lub le -pro te in  patterns were 
developed by electrophoretically destaining gels 
which had been incubated for 16-24 hr in a 
solut ion of 0.5% Buffalo Black NBR (a 
non-specific protein stain) in 7% acetic acid. 
Destained gels were scanned at 595 nm with a 
Gilford spectrophotometer Model 240 (Gilford 
Instruments Laboratories, Inc., Oberlin, Ohio). 

Sites of enzymes were determined by 
incubating gels after electrophoresis in freshly 
prepared substrate solutions. 

Demonstration of malate dehydrogenase 
(MDH) and lactate dehydrogenase (LDH) 
activities were made using the method of 
Laycock et al. (13). This method, with the 
subs t i t u t i on  o f  DL-a-glycerophosphate  
disodium (5 mg/ml) for L-malic acid was used 
to detect c~-glycerophosphate dehydrogenase 
(a-GPDH) activity. For the detection of 
glucose-6-phosphate dehydrogenase (G6PDH) 
or 6-phosphogluconate (6-PDH), nicotinamide 
a d e n i n e  d inuc l eo t i de  phospha te  and 
D-glucose-6-phosphate disodium (5 mg/ml) or 
6-phosphogluconate  (5 mg/ml) in O.05M 
Tris-HCl (pH 7.0) were appropr i a t e ly  
substituted in the procedure. 

Peroxidase activity was detected with a 
benzidine-guaiacol cosubstrate mixture (16). 
Other cosubstrates and incubation procedures 
previously described were also used to confirm 
the peroxidase activity (10, 11). Catalase 
a c t i v i t y  was  d e t e r m i n e d  with  the 
s ta rch-potass ium iodide procedure (11). 
Non-specific esterase activity was detected by 
incubating gels in the dark at 25 C in a solution 
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of 50 ml Of 0.04 M Tris-HC1 (pH 6.6), 1 ml of 
1% a-naphthylpropionate, and 25 mg of Fast 
Blue RR. Better results were obtained in 
preliminary tests with a-naphthylpropionate as 
the substrate than with a-naphthyl acetate, 
a-naphthylbutyrate, or naphthyl AS-D acetate. 
Prior to incubation in a substrate medium for 
determining acid phosphatase (AcP) activity 
(17), gels were first incubated in 0.2 M acetate 
buffer (pH 5.0) for 15 rain. 

Controls consisted of gels heated in test 
tubes in boiling water for 10min or gels 
incubated in a reaction mixture minus the 
substrate. Electrophoretic mobility (El')values 
were determined directly on the gel columns by 
comparing the migrating distance of the protein 
band with that of the bromophenol blue 
marker dye. 

Influence o f  host plant. Enzyme analyses 
were made on protein preparations from the 
Taiwan population of M. incognita propagated 
on two additional hosts, Nicotlana tabacum L. 
'Hicks', and Phaseolus vulgaris L. 'Burpee's 
Stringless'. 

Antigenic proteins. Nematode antisera and 
agar medium used in these tests were prepared 
as described by Hussey (9). Polyacrylamide-gel 
columns after electrophoresis were placed in 
100-mm plastic petri plates containing 15 mi of 
molten agar medium. Antisera was added to 
troughs cut parallel to and 1 cm from the 
embedded gel column 1.5 hr after the medium 
solidified. Plates were incubated at 24.5-25.5 C 
in a moist chamber and examined after 48 hr. 

RESULTS 
Soluble -pro te in  and enzyme analyses. 

Characteristic soluble-protein patterns were 
obtained for M. incognita and M. arenaria (Fig. 
1). Many of the soluble proteins from both 
species, however, had similar migration rates as 
determined when samples were separated in the 
same electrophoretic run. Although 30 protein 
bands were visible in the stained gels, only 25 
and 21 protein bands were recorded by the 
spectrophotometer for 31. incognita and M. 
arenaria, respectively. The last peak on the right 
of each scan represents a protein that migrated 
with the marker dye. The major protein bands 
recorded in the scans were reproducible. Some 
variation in migration rates, however, occurred 
among electrophoretic runs with some of the 
weakly stained proteins. Due to some variation 
in the number of minor bands, the total 
number of stained proteins visible in the gels 
ranged from 24 to 32 for M. incognita. Similar 
variation in number of visible protein bands was 
observed after separation of proteins of M. 
arenaria. Soluble-protein profiles for the two 
populations within each species were similar. 

Characteristic esterase, MDH, and a-GPDH 
patterns were demonstrated for these two 
species. Although the same number of sites of 
esterase activity were detected for both species, 
characteristic differences did occur with respect 
to the relative activity at certain sites and Ef 
values (Fig. 2). The fastest migrating esterase 
for M. incognita had an average Ef of 0.41, 
whereas an Ef of 0.46 was obtained for the 

o 

A 

FIG. 1. Scans of profiles of soluble proteins from adult females of A. Meloidogyne incognita populations 
from Peru and Taiwan; and B. M. arenaria populations from Greece and Virginia, separated by 
polyacrylamide-gel electrophoresis. Last peak on the right of each scan represents a protein band that migrated 
with the tracking dye. 
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FIG. 2. Enzyme patterns obtained by 
electrophoretic separation of proteins of adult females 
of (a) Meloidogyne incognita populations from Peru 
and Taiwan; and (b) M. arenaria populations from 
Greece and Virginia. EST = esterase; MDH = malate 
dehydrogenase; OtGPDH = ot-glycerophosphate 
dehydrogenase; PER = peroxidase; CAT = catalase; 
G6PD = glucose-6-phosphate dehydrogenase; LDH = 
lactate dehydrogenase; AcP = acid phosphatase; and 
6PDH = 6-phosphogluconate dehydrogenase. The 
amount of activity detected at each site is represented 
by the differences in the width of the individual 
bands, with the exception of CAT, LDH, and G6PD, 
where the dotted bands indicate these activities were 
diffuse in the gels. 

fastest migrating esterase of M. arenaria. One 
site (Ef 0.39) with strong esterase activity was 
detected for M. incognita, whereas two sites 
(Ef0.43 and 0.46) with strong activity were 
detected for M. arenaria. Six and five sites of 
weak esterase activity were observed for M. 
incognita and M. arenaria, respectively (Fig. 2). 
In two separate experiments after separation of 
proteins of M. arenaria, two esterase sites 
(Ef0.31 and 0.38) normally having medium 
a c t i v i t y  had weak  a c t i v i t y .  In several 
experiments with both populations of each 
species, some of the sites with weak esterase 

activity were not observed. No staining was 
observed in control gels. 

After electrophoretic separation of extracts 
of M. arenaria, four and three sites of activity 
were d e t e c t e d  for  MDH and a-GPDH, 
respectively (Fig. 2). Separation of extracts of 
M. incognita, however, revealed only three sites 
of MDH activity and one site of a-GPDH 
activity. 

Profiles obtained for the other enzymes, 
with the exception of 6-PDH which was only 
tested for M. incognita, were similar for both 
species and populations (Fig. 2). All enzyme 
profiles for the two populations within each 
species were similar. 

The activity of the peroxidase isoenzymes 
varied slightly when different phenols and 
aromatic amines were used as cosubstrates. In 
general, the isoenzymes had greater activity 
wi th  ca f f e i c  acid, chlorogenic acid, and 
p - p h e n y l e n e d i a m i n e  than with catechol, 
hydroquinone,  and gallic acid. In certain 
e x p e r i m e n t s ,  weak activity also occurred 
immediately above each of the two peroxidase 
i s o e n z y m e s .  This  t y p e  of  activity was 
inconsistent and, therefore, was not considered 
to be the result of additional peroxidase 
isoenzymes. Strong peroxidatic activity was 
detected for the catalase with gallic acid, 
pyrogallol and hydroquinone. 

The activities for three enzymes, CAT, 
G6PDH, and LDH, were diffuse in the gels, 
i nd ica t ing  that  these enzymes were not 
migrating in a compact band. The activities of 
two of these enzymes, CAT and G6PD, were 
strong. Two enzymes, LDH and 6PDH, were 
detected only in approximately 50% of the 
experiments. One site of AcP activity was 
detected; this was obtained when gels were first 
incubated in 0.2 or 0.05M acetate buffer 
(pH 5.0) for 15 min. When first incubated in 
0.2M buffer for 3 hr at 4C,  however, a 
different and more diffuse site of activity 
(Ef 0.16-0.20) was observed. 

T h e  p ro f i l e  for  each  e n z y m e  was 
reproducible for both Meloidogyne species; 
however, variation in migration rates existed 
between different experiments even though 
procedures were standardized. This variation 
occurred for all the isoenzymes within a single 
pattern. For example, the variation among Ef 
values for a-GPDH of M. incognita in four 
experiments was + 0.03 Ef units. Therefore, Ef 
values used in the text, with the exception of 
those presented for enzymes from nematodes 
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propagated on the different host plants, are an 
average of values obtained from electrophoretic 
analyses of a minimum of three different 
extracts. 

Influence o f  host plant. The enzyme profiles 
obtained for nematodes propagated on tobacco 
were  s imi lar  to those  from nematodes 
propagated on tomato with the exception of 
p e r o x i d a s e .  Peroxidase activity was not 
detected in gels after separation of proteins of  
nematodes propagated on tobacco. When the 
same nematode was propagated on bean, 
differences were noted with two enzyme 
patterns. One site of weak peroxidase activity 
was detected at Ef0.42, and an additional site 
of weak c~-GPDH activity was detected at 
Ef0.32. 

A n t i g e n i c  p r o t e i n s .  T h i r t e e n  
i m m u n o p r e c i p i t a t e s  developed with 3//. 
incognita antiserum and 12 formed with M. 
arenaria a n t i s e r u m  in an i m m u n o d i s c  
electrophoresis test (Fig. 3). Based on band 
position, most of the immunoprecipitates were 
of  c o m m o m  origin .  The  mos t  intense 
immunoprecipitate was formed at the anodic 
end of the gel adjacent to the marker dye, and 
the largest number of immunoprecipitates were 
formed adjacent to the upper half of the gel. 
No immunoprecipitates were formed when 
normal serum was used. 

DISCUSSION 

The results of this study confirm earlier 
r e p o r t s  (4, 5, 6) that polyacrylamide-gel 
electrophoresis of  proteins can be used to 
identify specific enzymes and aid in the 
t a x o n o m y  o f  n e m a t o d e s .  Meloidogyne 
incognita and M. arenarla can be distinguished 
reliably by their esterase, MDH, and a-GPDH 
p a t t e r n s  a n d  less r e l i ab ly  by  the i r  
soluble-protein patterns. Although differences 
were present in the soluble-protein patterns 
between these two species, these differences 
were not as striking as the differences in 
enzyme patterns. 

Electrophoresis was superior to serological 
analyses of proteins for detecting differences 
between M. incognita and M. arenarla. In 
serological tests, one immunoprecipitate was 
un ique  wi th  M. incogni ta ,  and eight 
immunoprecipitates, based on band position 
and coalescence, were common for both species 
when antigens of these two species were tested 
against M. ineognita antisera (9). 

Very similar soluble-protein and enzyme 

FIG. 3. Serological detection of proteins, 
separated by polyacrylamide-gel electrophoresis, from 
adult females of Meloidogyne incognita using 
homologous antiserum and antiserum to M. arenaria. 
A gel column (2) containing separated proteins of M. 
incognita is embedded in an agar medium between a 
trough containing homologous antiserum (las) and 
one containing M. arenaria antiserum (3as). Arrow 
points to an immunoprecipitate which formed in the 
agar medium adjacent to the anodic end of the gel. 

profiles were obtained for the two populations 
of each MeloMogyne species even though the 
populations originated from widely separated 
geographical regions of the world and had 
s l ight ly  different host ranges. Evans (6), 
h o w e v e r ,  reported differences in esterase, 
amylase, and acid phosphatase profiles among 
seven isolates of Aphelenchus avenae. 

Comparison of the results of this study with 
those reported by Dickson et al. (4, 5) for M. 
incognita and M. arenaria indicates the need for 
ca re fu l  s t a n d a r d i z a t i o n  of  procedures.  
Differences in certain Ef values and number of 
isoenzymes detected were found between the 
two  s tudies .  Since some uncontrollable 
variation in Ef values was observed in this 
study, the number of forms of an enzyme 
detected was considered the most reliable 
characteristic for distinguishing these two 
species. More sites of  esterase activity for M. 
incognita and M. arenaria, and two additional 
sites of  a-GPDH activity for M. arenaria, are 
reported in this study than were previously 
reported by Dickson et al. (4). The populations 
they investigated were different from those we 
used. Although scans of soluble-protein profiles 
for the same species were similar to those of 
Dickson et aL (5), a larger number of proteins 
are r e p r e s e n t e d  in our  scans (Fig. 1). 
Apparently, more proteins were extracted with 
the method reported here. 

Ishibashi (12) reported the detection of 
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multiple forms of LDH for M. incognita; the 
number and migration rates of the LDH 
isoenzymes  differed markedly "from those 
reported herein and by Dickson et aL (4). In 
our study, only one site of LDH activity was 
detected, whereas Ishibashi (12) reported 5-6 
sites of LDH. He also reported esterase activity 
near the anodic end of the gel; in our study, 
esterase activity was only detected in the upper 
half of the gel. In the same study, some 
variation occurred in esterase profiles when 
nematodes were propagated on different host 
plants. This was contrary to that reported by 
Dickson et al. (4). In our study, no differences 
were found in esterase patterns ofM. incognita 
propagated on three different host plants. 
D i f f e r e n c e s  were  detected,  however, in 
peroxidase and a-GPDH activities. The changes 
in p e r o x i d a s e  a c t i v i t y  are particularly 
i n t e r e s t i ng .  These  changes suggest that 
nematode peroxidase may have a role in the 
estabfishment of the host-parasite relationship, 
perhaps in initiating giant cell formation in 
certain host plants. Furthermore, if peroxidase 
from Meloidogyne is determined to be involved 
in host-parasite relationships, this enzyme could 
also be one of the important factors responsible 
for eliciting a resistant (necrotic) reaction in 
certain plants. Actual secretion of peroxidase 
by a nematode would have to be demonstrated 
before this enzyme could be implicated. Hussey 
and Krusbe rg  (10)  did not detect any 
peroxidase activity in extracts of Ditylenchus 
dipsaci after separation by polyacrylamide-gel 
e lec t rophores is .  Two catalase isoenzymes, 
however, were detected and both possessed 
strong peroxidatic activity. Dickson et aL (4) 
did not find any differences in a-GPDH profiles 
when nematodes were propagated on tobacco, 
cucumber, or wheat. In the present study, 
differences were detected when nematodes 
were propagated on bean, but not when 
propagated on tobacco. Raising A. avenae 
under different cultural conditions had little 
i n f luence  on soluble-protein and enzyme 
profiles (6). Therefore, host influence on either 
nematode enzyme production, activity, or both 
varies with enzymes and host plants. 

The exac t  nature of the phosphatase 
a c t i v i t y ,  e i ther  acid or alkaline, is still 
uncertain. Dickson et al. (4) detected acid and 
alkaline phosphatase activity at the same site in 
the gels. In our study, only acid phosphatase 
activity was detected; no activity was detected 
with an alkaline phosphatase reaction mixture 

1972 

(17). Slightly different reaction mixtures were 
used in our study than were used by Dickson et 
al. (4) in an attempt to elucidate the type of 
phosphatase activity. Activity similar to that 
reported by Dickson et al. (4), however, was 
obtained when their reaction mixtures were 
used. 

The reaction of proteins of M. incognita 
with homologous and M. arenaria antisera 
d e m o n s t r a t e s  tha t  most proteins of M. 
incognita and M. arenaria are antigenically 
s i m i l a r .  A g r e a t e r  n u m b e r  o f  
immunoprecipitates were formed with the 
immunodisc electrophoresis procedure than 
wi th  gel diffusion tests (9). The former 
t e c h n i q u e  m a y  be more  va luab le  for 
demonstrating serological differences between 
nematode species or populations. 

In the present study, only soluble anionic 
proteins were investigated; other differences 
might be detected if cationic proteins were to 
b e  e x a m i n e d .  T h e  c a p a b i l i t y  o f  
p o l y a c r y l a m i d e - g e l  e l e c t r o p h o r e s i s  to 
differentiate and characterize nematode species 
makes  it a useful technique; through its 
application, taxonomic ranks can be better 
defined. The possibility, however, of  detecting 
differences in enzyme profiles of nematode 
populations that are associated with differences 
in pathogenicity, although potentially very 
valuable, still needs to be demonstrated. 

LITERATURE CITED 

1. BENTON, A. W., and R. F. MYERS. 1966. 
Esterases, phosphatases, and protein patterns 
of Ditylenchus triformis and Panagrellus 
redivivus. Nematologica 12:495-500. 

2. CHRAMBACH, A., and D. RODBARD. 1971. 
Polyac~ylamide gel electrophoresis. Science 
172:440-451. 

3. DAVIS, B. J. 1964. Disc electrophoresis. II. 
Methods and application to human serum 
proteins. Ann. N. Y. Acad. Sci. 121:404-427. 

4. DICKSON, D. W., D. HUISINGH, and J. N. 
SASSER. 1971. Dehydrogenases, acid and 
alkaline phosphatases and esterases for 
chemotaxonomy of selected Meloidogyne, 
Ditylenchus, Heterodera and Aphelenchus 
spp. J. Nematol. 3:1-16. 

5. DICKSON, D. W., J. N. SASSER, and D. 
H U I S I N G H .  1970.  C o m p a r a t i v e  
disc-electrophoretic protein analyses of 
s e l ec t ed  Meloidogyne, Ditylenchus, 
Heterodera, and Aphelenchus spp. J. 
Nematol. 2:286-293. 

6. EVANS, A. A. F. 1971. Taxonomic value of gel 
e l e c t r o p h o r e s i s  of  prote ins  from 
mycophagous and plant-paxasitic nematodes. 
Int. J. Biochem. 2:72-79. 



Elec t rophore t i c  Studies  on Meloidogyne: Hussey et al. 189 

7. GYSELS, H. 1968. Electrophoretic observations 
on the protein composition of free-living and 
plant-parasitic nematodes, with a special 
r e f e r e n c e  to some components showing 
digestive activity. Nematologiea 14:489-496. 

8. HUSSEY, R. S. 1971. A technique for obtaining 
quantities of living Meloidogyne females. J. 
Nematol. 3:99-100. 

9. HUSSEY, R. S. 1972. Serological relationship of 
Meloidogyne incognita and 114. arenaria. J. 
Nematol. 4:101-104. 

10. HUSSEY, R. S., and L. R. KRUSBERG. 1971. 
Disc-electrophoretic patterns of enzymes and 
soluble proteins of Ditylenchus dipsaci and D. 
triformis. J. Nematol. 3:79-84. 

11. HUSSEY, R. S., and L. R. KRUSBERG. 1970. 
Histopathology of and oxidative enzyme 
patterns in Wando peas infected with two 
p o p u l a t i o n s  o f  Dity lenchus  dipsaci. 
Phytopathology 60:1818-1825. 

12. ISHIBASHI ,  N. 1970.  Variations of the 
e l e c t r o p h o r e t i c  p ro t e in  pa t t e rn s  o f  
H e t e r o d e r i d a e  (Nematodea: Tylenchida) 
depending on the developmental stages of the 
nematode and on the growing conditions of 
the host plant. AppL Entomol. Zool. 5:23-32. 

13. LAYCOCK, M. V., D. A. THURMAN, and D. 
BOULTER. 1965. An improved method for 
the  d e t e c t i o n  o f  dehydrogenases using 
tetrazolium salts. Clin. Claim. Acta 11:98-100. 

14. LOWRY, O. H., NIRA J. ROSEBROUGH, A. L. 
FARR, and ROSE J. RANDALL. 1951. 
Protein measurement with the folin-phenol 
reagent. J. Biol. Chem. 193:265-275. 

15. ORNSTEIN, L. 1964. Disc electrophoresis. I. 
Background and theory. Ann. N.Y. Acad. 
Sci. 121:321-349. 

16. SCHRAUWEN, J. 1966. Nachweis yon enzymen 
nach e l e k t r o p h o r e t i s c h e r  t r ennug  an 
polyacry lamid-s~ulchen .  J. Chromatogr. 
23:177-180. 

17. SHAW, C. R., and ANN L. KOEN. 1968. Starch 
gel  zone  e l e c t r o p h o r e s i s  of enzymes, 
p .  3 2 5 - 3 4 6 .  In I.  S m i t h  [ e d . ] .  
C h r o m a t o g r a p h i c  and e l ec t ropho re t i e  
techniques. II. Zone eleetrophoresis. John 
Wiley and Sons, Inc., New York. 

18. TRUDG1LL, D. L., and J. M. CARPENTER. 
1971. Disc electrophoresis of proteins of 
Heterodera species  and pathotypes of 
Heterodera rostochiensis. Ann. Appl. Biol. 
69:35-41. 

Xiphinema americanum as Affected by Soil Organic Matter and Porosity 1 

PAUL E. P O N C H I L L I A  :~ 

Abstract: The effects of four soil types, soil porosity, particle size, and organic matter were tested on 
survival and migration of Xiphinema americanum. Survival and migration were significantly greater in silt 
loam than in clay loam and silty clay soils. Nematode numbers were significantly greater in softs planted 
with soybeans than in fallow softs. Nematode survival was greatest at the higher of two pore space levels in 
four softs. Migration of X. americanum through soft particle size fractions of 75-150, 150-250, 250-500, 
500-700, and 700-1,000 t~ was significantly greater in the middle three fractions, with the least occurring 
in the smallest fraction. Additions of muck to silt loam and loamy sand soils resulted in reductions in 
survival and migration of  the nematode. The fulvic acid fraction of muck, extracted with sodium 
hydroxide, had a deleterious effect on nematode activity. I conclude that soils with small amounts of 
air-filled pore space, extremes in pore size, or high organic matter content are deleterious to the migration 
and survival of X. ameHcanum, and that a naturally occurring toxin affecting this species may be present 
in native soft organic matter. 

R e c e i v e d  for publ icat ion 29 November 1971. 

1 journa l  Paper No. J-7049 of the  Iowa Agriculture 
and Home E c o n o m i c s  E x p e r i m e n t  Stat ion,  Ames, 
Iowa. Project No. 1337. Supported by Grant No. 
12-14-100-9168(34),  Agricultural  Research Service. 
U.S. Depar tment  of Agriculture. 

2 F o r m e r l y  D e p a r t m e n t  o f  Botany and Plant  
Pa tho logy ,  Iowa State University,  Ames, Iowa. 
P r e s e n t  Address :  Division of Plant  Industries,  
T e n n e s s e e  Depar tment  of Agriculture,  Box 40627,  
Melrose Stat ion,  Nashville, Tennessee 37204.  The 
au thor  expres se s  d e e p e s t  apprecia t ion  to Don C. 
Nor ton  for his guidance th roughout  the study.  

Most studies per taining to soil poros i ty  
suppor t  the theory  that  l ighter  soils provide a 
be t t e r  env i ronmen t  for some plant-parasit ic 
nema todes  than  do heavier  ones (3, 4, 9, 16, 
18). Litt le work  has been c o n d u c t e d  measur ing 
poros i ty  per  se, but  the impor tance  o f  pore size 
was demons t ra t ed  by  Wallace (22,  23).  He 
found that  soils wi th  small part icles con ta ined  
pores t oo  small to allow nema tode  passage, and 
that  soils wi th  large part icles conta ined  pores so 
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