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Abstract: E x a m i n a t i o n  of d ispers ional  characterist ics of Pratylenchus scribneri and  
Hoplolaimus galeatus indica ted  tha t  there  were pa tches  wi th in  soybean fields in which  bo th  
survival  and  reproduction wexe enhanced  in spi te  of  a p p a r e n t  homogene i ty  of  soil type and  
topography .  T r e a t m e n t  wi th  ca rbofuran  reduced  the pa tchiness  (or increased the  dispersion) for 
H. galeatus while  it h ad  the  opposi te  effect for P. scribneri. P. scribneri was less h igh ly  dispersed 
in convent iona l  tillage plots  t h a n  in the  zero ti l lage plots.  Popu la t ions  f rom quadra t s  conta ined  
ent irely wi th in  the  patches  could  be described by the  no rma l  d i s t r ibu t ion  (in the  case of P. 
scribneri) or  by the  Poisson d i s t r ibu t ion  (in the  case of H. galeatus), while  popu la t i ons  f rom 
quad r a t s  conta ined  ent i re ly  outs ide  the  patches  could be described by the  Poisson d i s t r ibu t ion  for 
bo th  nematodes .  None  of the  d i s t r ibu t ions  tested (Poisson, normal ,  negat ive binomial ,  Neyman 's )  
gave an  adequa te  fit when  popu la t i ons  f rom bo t h  inside and  outs ide  the  patches  were considered 
together .  In  all instances,  logx0 and  In t r ans fo rmat ions  reduced the goodness  of fit of  the  da ta  to 
all of  the  d i s t r ibu t ions  tested. Even wi th  logar i thmic  t rans format ions ,  pa rame t r i c  statistics were 
no t  appropr ia t e  for analysis of  da ta  in mos t  instances.  Key words: nema tode  f requency,  popula-  
t ion ecology, index of dispersion,  plot  size selection, da ta  t r ans fo rmat ion .  

J o u r n a l  of  Nemato logy  15(3):418-426. 1983. 

The  nematode pests of soybeans, Praty- 
lenchus scribneri Steiner and Hoplolaimus 
galeatus (Cobb) Filipjev and Shuurmans 
Stekhoven, are widespread in Indiana and 
invariably exhibit  a patchy occurrence. 
Other workers (1) have observed that sev- 
eral plant parasitic nematode species tend 
to occur in distributions characterized by 
patches of high nematode concentration sur- 
rounded by, and contained within, areas of 
low or moderate concentration. Goodell and 
Ferris (4) discussed the necessity for des- 
cribing these distributions in order to de- 
termine whether the assumptions which 
underl ie  parametric statistical tests are met. 
Proctor and Marks (10) described methods 
of determining normalizing transformations 
for nematode count  data. It  would be de- 
sirable to use all analytical method which 
does not assume any particular type of fre- 
quency distr ibution to quantify patchiness 
in order that spatial distribution could be 
perceived and studied more efficiently. 

MATERIALS AND M E T H O D S  

Sites used in the tillage and chemical 
pesticide studies were located within a 
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single field in southern Indiana which con- 
tained a moderately to well drained silt 
loam. Th a t  area of the field used for the 
tillage study was planted to the soybean cul- 
tivar 'Bonus.' T h e  area used in the chemical 
pesticide study was planted to the cultivar 
'Cutler 7 1 / C a r b o f u r a n  10G was applied in 
a 7-in band at the rate of 33.6 g a.i./100 m 
of row in treated plots. For each study, plots 
were arranged in a randomized complete 
block design with six replications. One rep- 
licate was dropped from the tillage study 
analysis because of excessive weediness, thus 
reducing that study to five replications. 

Sites used for determining the effect of 
plot (quadrat) size on estimates of disper- 
sion and distribution o[ Pratylenchus scrib- 
neri and Hoplolaimus galeatus were located 
in a second field with a moderately to well 
drained silt loam and were planted to the 
soybean cuhivar  'Wells II. '  Each of these 
quadrat  size studies consisted of nested 
large, intermediate, and small quadrats. A 
straight line running  diagonally across the 
study area was sampled every 20 m with a 
25-mm-d soil probe to ascertain approxi- 
mate patch size and location. Quadra t  size 
study areas were established so that each 
area would completely contain a patch of 
high nematode concentrat ion and an area of 
low nematode concentration. Each of eight 
large quadrats was divided into quarters to 
form tile intermediate size quadrats. Eight 
adjoining intermediate quadrats were di- 
vided into quarters to form 32 small quad- 



rats. T h e  sizes of the large, intermediate, 
and small quadrats were 50 x 50 m, 25 x 
25 m, and 12.5 x 12.5 m, respectively, for 
the areas with P. scribneri, and 100 x 100 m, 
50 x 50 m, and 25x 25 m, respectively, for 
the areas with H. galeatus. 

Each soil sample consisted of twenty 2.5 
x 20-cm cores taken such that ten equally 
spaced cores were obtained along each 
diagonal of an X pat tern within a plot. 
During the growing season, samples were 
taken within 7.5 cm of the plants in order 
that the full effect of the chemical treat- 
ments could be obtained. Nematodes were 
extracted from a 500-cm 3 al iquot port ion 
of each sample by a decanting and sieving 
technique, followed by suspension of the 
residues in Baermann funnels. T h e  nema- 
todes thus extracted were killed by gentle 
heat and fixed in 5% formalin. T w o  ali- 
quot  portions, each representing 1 / 100th of 
the total sample, were counted and added 
together. T h e  total number  of nematodes 
counted was thus taken to represent nema- 
todes per 10 cc of soil. 

The  whole root system of each of five 
plants was taken on each sampling date. 
One plant was removed approximately half- 
way along each leg of the X pat tern de- 
scribed above, and the fifth plant was taken 
near the intersection of the plot diagonals; 
i.e., the center of the X. All root  systems 
from each plot were processed by incubating 
in aerated water for 2 weeks. T h e  nema- 
todes were removed and counted and the 
water replaced at the end of the first week. 
Nematodes were removed and counted and 
the water discarded at the end of the sec- 
oral week. T h e  two counts were added to- 
gether and divided by five to standardize 
to nematodes per plant. 

Dispersion of P. scribneri and H.  
galeatus was measured using the Morisita's 
I~ index of dispersion (6,7,8) as follows: 

~X n ,(X~- 1) 

T ( T -  1) 

rl 

Where  T = XXt 
i = l  

and Xl is the number  of individuals 
in tile ith sample. 

This  index is related to Lloyd's patchi- 
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~t 

mess, m, named C by Pielou (9), by the fol- 
m 

lowing equation: 

N I~ =--ffsyc 

In cases where the frequency distribution of 
sample counts can be described by a nega- 
tive binomial distribution, I~ is related to 
the parameter  k by the following equation: 

1 
1-k 

In cases where the Poisson distribution de- 
scribes the count  data (8): 

I~ -- 1.0 

Frequency distributions were tested for 
goodness of fit using the Kolmogorov- 
Smirnov test from the N P A R  nonpara- 
metric statistical analysis package version 
40.09 from the computer  institute for Social 
Science Research at Michigan State Uni- 
versity, East Lansing, Michigan. Differences 
in popula t ion level were tested using the 
median test described in Siegel (11). 

R E S U L T S  

Pratylenchus scribneri 

Fluctuations in the levels of I ~ )  (based 
on soil samples) and I~,.) (based on root  
samples) over the growing season are 
depicted in Figure 1 and the median values 
for the soil (number  per 10 cc) and root 
(number  per root  system) counts in Figure 
2. Counts were expressed as log10 values for 
ease of representation. Prior to planting, 
] ~ )  rose slowly with time (Fig. 1), whereas 
the soil nematode counts decreased (Fig. 2). 
After planting, neither soil nematode counts 
nor I~,) appeared to follow any part icular  
pattern in the untreated plots, a l though 
l ~  fluctuations tended to be in directions 
opposite those of the soil counts. I~(r~ in the 
untreated plots was generally (but not  con- 
sistently) higher than the corresponding 
I ~ )  and followed a more easily discernable 
seasonal pat tern characterized by a slight 
rise through the early growing season and a 
decline in the late season through plant 
senescence. T h e  root  counts in the un- 
treated plots had a pat tern similar to that 
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Fig. 1. 16 for Pratylenchus scribneri in u n t r e a t e d  a nd  ca rbofu ran  t reated plots. Ju l i an  dates (JD) on  

X-axis  wi th  JD 130 = 10 May, p l an t i ng  date  = JD 152 = 1 June ,  and  JD 285 = 12 October.  Each po in t  
represents  six observat ions.  
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Fig. 2. Log10 of  l + m e d i a n  n u m b e r  of  P. scribneri per  root  system and  per  10 cc soil in u n t r e a t e d  and  

ca rbofuran  t reated plots.  Ju l i an  da tes  (JD) on  X-axis  wi th  JD 130 ~ 10 May, p l a n t i n g  date  = JD 152 = 1 
June ,  a n d  JD 285 = 12 October.  Each po i n t  represents  six observat ions.  



of In(r), bu t  a slight decline did not occur 
unti l  senesence. 

Effect of chemical treatment: T h e  trend 
for I~(r~ in the chemically treated plots 
paralleled that  of the untreated plots, bu t  
the absolute values were greater (Fig. 1). 
T h e  trend for root counts in the treated 
plots, however, was opposite that  of the un- 
treated plots for most  of the growing season. 
Of interest is the rise in root  counts for the 
treated plots on the last sampling date (Fig. 
2). 

Effect 01 tillage treatment: T h e  effect of 
tillage t rea tment  on I6(s ~ and  I~c, is 
depicted in Figure 3 and the effect on soil 
and root  counts in Figure 4. T h e  seasonal 
patterns within these plots were similar to 
those exhibi ted by the untreated plots dis- 
cussed above with little difference between 
the conventional  tillage plots and the zero 
tillage plots in 1~(~ (Fig. 3) or soil counts 
(Fig. 4). I6~) followed parallel pat terns in 
the two treatments  with lower absolute 
values for the zero tillage plots (Fig. 3). 
T h e  root  counts in the two treatments  were 
roughly parallel,  a l though the counts in tile 
zero tillage plots were lower between 26 
Ju ly  (Jul ian date 207) and  23 August  
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(Julian date 235) (P < .10) (Fig. 4). T h e  
difference was not  statistically significant for 
12 October (Julian date 285). 

Effect of quadrat size: T h e  effect of  p lot  
size selection as utilized in this study was to 
alter the relat ionship between the size of the 
area sampled and the patch size, thus pro- 
viding plots with a wide range of popula-  
tion densities. T h e  I6 values for the quadra t  
size study are presented in T a b l e  1. T h e  
greatest I6 value occurs for the in termediate  
size quadrats  and the smallest in the small 
quadrats.  T h e  late season sampling gave 
similar results, with the in termediate  size 
quadrats  re ta ining the highest value for I~ 

Table 1. Effect of quadrat size on 16 values for 
P. scribneri. 

Ea.rly Late No. of 
Quadrat size I6 (s) 16 (r) quadrats 

Large (50)< 50 m) 1.45 1.26 8 
Intermediate 

(25 × 25 m) 2.69 1.96 32 
Small (12.5 X 12.5 m) 

Inside patch .96 1.20 32 
Outside patch 1.14 1.13 32 
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Fig. 3. I 0 for P. scribneri in conventional and zero tillage plots. Julian dates (JD) on X-axis with JD 152 

= 1 June, planting date = JD 174 = 23 June, JD 207 = 26 July, JD 235 = 23 August, and JD 285 = 12 
October. Each point represents five observations. 
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servations. 

and the small quadrats  re ta ining the lowest 
values. 

When  counts of nematodes from the 
small quadrats  which occurred outside the 
patches were tested against a Poisson distri- 
but ion,  they gave D values of 0.1496 and 
0.1125 for left and r ight  skew and a two- 
sided probabi l i ty  of fit of 0.91. T h e  counts 
f rom the small quadrats  inside the patches 
gave D values of 0.1859 and 0.1122 for left 
and r ight  skew when compared  to a normal  
distr ibution,  result ing in a two-sided prob- 
ability of fit of 0.72. In both instances, the 
log10 and In t ransformation of the nema- 
tode counts greatly reduced the goodness of  
fit. At tempts  to fit negative b inomial  dis- 
tr ibutions failed for bo th  the in termediate  
size and small plots, even though highly 
efficient estimators of k were found using 
the m a x i m u m  liklihood method  of Bliss (3). 
A better  (P = 0.50) but  still insufficient fit 
was obta ined when a Neyman ' s  dis t r ibut ion 
with Beall and Rescia's (2) parameter  n set 
equal to 1 was tested against the inter- 
mediate  size plots. No a t tempt  was made to 
fit a frequency distr ibution to the largest 
quadrats  since there were only eight of them 

aud it was felt that  this was an inadequate  
sample to obta in  a good fit. 

Hoplolaimus galeatus 

T h e  seasonal levels of I~(~ and 16(,.) for 
the carbofuran treated and untreated plots 
are depicted in Figure 5 and the soil counts 
in Figure 6. I6(~ increased in vahte prior  to 
p lant ing  (Fig. 5). In  the untreated plots, 
a large increase in I~(,~ (Fig. 5) and a de- 
crease in soil count  (Fig. 6) occurred when 
tile soybeans germinated.  (A few H. galeatus 
were detected on this sampling date even 
though the median popula t ion  level was 0.) 
This  high degree of patchiness moderated as 
the growing season progressed. 

Effect of chemical treatment: I6(r) could 
not be calculated for the treated plots on 
the first sampling date on which root  sam- 
ples were taken because no H. galeatus were 
detected in the roots. I~ , )  values and root  
populat ions were lower in the treated plots 
than in the untreated plots for most of the 
growing season (Figs. 5, 6). 

Effect of quadrat size: H. galeatus showed 
a pat tern  of I~ values similar to that  for P. 
scribneri for the early sampling, with the 
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Fig, 5. 18 for Hoplolaimus galeatus in untreated and carbofuran treated plots. Julian dates (JD) on 
X-axis with JD 131 = 11 May, planting date = JD 160 = 9 June, and JD 288 = 15 October. Each point 
represents six observations. For legend, see Figure 1. 
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Fig. 6. Log10 o[ 1 + median number of H. galeatus per root system and per 10 cc soil in untreated and 
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intermediate size quadrats  having the great- 
est Is values (Table  2). In the later (early 
bloom) sampling, however, the Is value for 
the large quadrats was greatest. T h e  I6 
values for the small quadrats remained 
small relative to those for the larger quad- 
rats. 

An excellent fit (D left = 0.0637, D 
right -- 0.0925, two-sided probabil i ty 0.99) 
was obtained when the nematode counts in 
the small quadrats established inside a 
patch were compared to a Poisson distribu- 
tion. T h e  small quadrats outside the patches 
also produced a good fit (D right = 0.1151, 
D left = 0.0993, two-sided probabil i ty 0.97) 
when compared to a Poisson distribution. 
No fit could be obtained to the negative 
binomial distr ibution or to any of Neyman's 
distributions. As with P. scribneri, no at- 
a t tempt  was made to fit any distr ibution to 
the nematode count  data from the largest 
quadrats. 

DISCUSSION 

Is was formulated to behave similarly 
for samples taken from any type of under- 
lying frequency distribution. ]a increases in 
value as populat ions become less highly dis- 
persed and more patchy or clumped. Values 
of Is for a plot will not  change as long as 
areas of high and low populat ion levels 
within the plot retain the same relative 
numbers of organisms, even though the ab- 
solute numbers may change. By contrast, 
the parameter k decreases in value as popu- 
lations become less highly dispersed and 
may be altered if the absolute densities 
change, unless the populat ion can be de-  
s cr ibed  by a negative binominal  distribu- 
tion (9). 

I t  must be emphasized that all count  
data in this study were means computed 

Table 2. Effect of quadrat size on I~ values for 
H. galeatus. 

Early Late No. of 
Quadrat size Ia(B) IS(r) quadrats 

Large (100)< 100 m) 1.31 1.67 8 
Intermediate 

(50)< 50 rn) 1.85 1.53 32 
Small (25 >( 25 m) 

Inside patch 1.03 1.01 32 
Outside patch 1.07 .94 32 

3, July 1983 

from the entire sample and would thus re- 
sult in lower values of 1~ than if individual 
root systems or individual cores of soil were 
processed and counted separately. Further- 
more, as the number  of samples (number of 
root systems or soil cores) was increased, the 
values of Is would decrease because the in- 
fluence of individual subsamples on the 
entire sample mean would be decreased. 
Complete enumerat ion of the organisms 
within each plot would theoretically pro- 
vide the lowest values of I~ (8). 

T h e  preplant ing rise in lnc~ for both P. 
scribneri (Fig. 1) and H. galeatus (Fig. 5), 
coupled with tile reduction in the soil 
counts (Fig. 2 and Fig. 6, respectively), in- 
dicates a disparity in the mortal i ty levels 
between the areas of high and low concen- 
tration. Assuming that the populat ions were 
not  increasing prior  to planting, it would 
appear that survival was enhanced inside 
the patches, producing a greater difference 
in the populat ion levels between the areas 
of high concentrat ion and the areas of low 
concentrat ion and a greater value of In~). 
Th e  rise in In(r) in check plots, concurrent  
with the rise in root counts during the early 
to mid growing season, indicates that re- 
product ion was also enhanced inside the 
patches. It is likely that the disparity be- 
tween the areas of high and low populat ions 
was increased not  by depression of the low 
populat ion areas bu t  by elevation within 
the high populat ion areas. 

After the soybeans have germinated, Is (r) 
is probably a more consistent indicator of 
dispersion than I~(~l since the root  counts 
appear  to be more reflective of differences 
in the field populat ion.  When the indi- 
vidual plots were ranked according to soil 
and root  counts and the rankings were com- 
pared among sampling dates, the plots 
tended to maintain their positions relative 
to each other  when root  rankings were used 
but  not  when soil rankings were used. 

In,r) acted in one way for H. galeatus 
and in another  for P. scribneri (as compared 
to checks) following treatment  with carbo- 
furan. T h e  values for In(F) became higher 
for P. scribneri, owing to reduction of the 
nematodes to below detectable levels in 
some plots. Control  was not so complete for 
H. galeatus, and nematodes did not  fall 
below detectable levels within the roots 



taken from any plot (after tile first sampling 
date). Thus,  even though fewer nematodes 
were present in the roots in both instances, 
H. galeatus became more highly dispersed 
whereas P. scribneri became less highly dis- 
persed (or more clumped). T h e  rise in the 
root counts of the treated plots at the last 
sampling date is due to the decrease in 
effectiveness of the pesticide and the late 
senesence for the carbofuran treated plots. 

P. scribneri in the conventional tillage 
plots had higher values of I6~,.) than in the 
zero tillage plots (Fig. 3), probably as a re- 
sult of greater plant  vigor in the former. 
The  root systems were larger and more 
robust  in the conventional tillage plots, and 
thus the nematodes could achieve greater 
populat ion densities within the patches, 
which resulted in a more dramatic ex- 
pression of patchiness. 

T h e  I6 values for the large P. scribneri 
plots were smaller than those for the inter- 
mediate size plots because the plots were 
large relative to the patch size (Table  I). 
This  resulted in a di lut ion effect wherein 
some of the soil cores comprising a sample 
were taken outside the patch and some in- 
side the patch, thus reducing the variability 
among samples. T h e  intermediate size quad- 
rats were small relative to the patch size; 
some of them could be contained largely or 
entirely within a patch, whereas others 
could be entirely outside the patch thus in- 
creasing the variability among plots. The  
small quadrats had small values of I6 since 
they were established in two sets, either en- 
tirely inside or entirely outside the patch. 

For H. galeatus, the I6 values for the 
different quadra t  sizes did not  retain their 
relative positions between the first and sec- 
ond sampling dates (Table 2). T h e  small 
quadrats remained the most highly dis- 
persed, but  on the later date the intermedi- 
ate size quadrats had an I~ value relatively 
smaller than that of the large quadrats. This  
may have resulted from an increase in patch 
size for H. galeatus during the growing sea- 
s o n .  

T h e  distinct nature of the patches re- 
sulted in a bi-modality which made fitting 
of frequency distributions very difficult 
when all plots were considered together. 
Barker and Campbell  (1) and Goodell  and 
Ferris (4) noted that several nematode pop- 
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ulations could be described by the negative 
binomial  distribution. However, this study 
shows that this type of distribution cannot  
be assumed for all nematode species in all 
field situations. As previously noted, a 
Neyman's distribution gave a better fit than 
the negative binomial distribution when all 
of the intermediate size P. scribneri plots 
were considered together. This  was pri- 
marily due to the bi-modal tendancy of the 
Neyman's distribution when n = 1, using 
Beall and Rescia's (2) modification of Ney- 
man's distribution. 

T h e  good fit of the counts of P. scribneri 
in quadrat  samples located inside the 
patches to the normal distr ibution indicates 
that parametric statistics may sometimes be 
used in populat ion quantification, provided 
the fit is affirmed by some means such as the 
Kolmogorov-Smirnov test used here or the 
Chi-square test. However, the good fit of the 
aforementioned P. scribneri quadra t  data to 
tile normal distribution does not  necessarily 
imply that parametric statistics might  be 
useful in research plots established in such 
an area. As the size of the area sampled was 
altered, the form of the frequency distribu- 
tion changed. Furthernaore, the chemical 
treatments greatly increased the I~ value for 
P. scribneri, indicating that there was a 
shift toward a more contagious distribution 
within the carbofuran treated plots. There-  
fore, if parametric statistical tests were per- 
formed in this instance, the result might  be 
comparison of a normally distributed popu- 
lation (the untreated plots) to a non- 
normally distributed populat ion (the chem- 
ically treated plots). This  also has implica- 
tions concerning transformation of data. If 
the treatments had different distributions, a 
given transformation might make popula- 
tions from one of the treatments behave like 
a normally distr ibuted population,  but  not  
those from the other  treatment.  

Morisita (7) noted that sampling was 
more reliable when the I6 value could be 
minimized. Size selection and location of 
experimental  plots could be quite im- 
por tant  to efficient sampling. Greig-Smith 
(5) noted that mean squares of numbers of 
individuals per uni t  area could be altered 
by changes in plot  size if those individuals 
had a patchy distribution. In applying this 
principle, consideration should be given to 

I r i l l  
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t iming of sampling, since changes in dis- 
persion could alter interpretat ion of field 
events. T ime  of sampling probably sltould 
not  be altered, since this might reduce rep- 
resentativeness, but  a greater number  of 
subsamples may be necessary (to increase 
reliability) at times when a large I6 value is 
anticipated. 
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The Interrelationship of Heterodera schachtii 
and Ditylenchus dipsaci on Sugarbeet ~ 

G. D. GRIFFIN 2 

Abstract: Heterodera schachtii significantly (P = 0.05) reduced sugarbee t  root  g rowth  below 
tha t  of un inocu la t ed  controls  at  20, 24, and  28 C, a nd  Ditylenchus dipsaci significantly (P ~ 0.05) 
reduced root  g rowth  below tha t  of  un inocu la t ed  controls  at 16, 20, 24, and  28 C. A combina t ion  
of H. schachtii and  D. dipsaci significantly (P = 0.05) reduced  root  g rowth  below tha t  of  single 
inocula t ions  of H. schachtii at all t empera tu res  a nd  D. dipsaci at 20, 24, and  28 C. Single inocula-  
t ions of H. schachtii and  D. dipsaci significantly (P = 0.05) reduced top growth of sugarbee t  
below tha t  of  un inocu la t ed  controls  at 20, 24, a nd  28 C, and  16, 20, 24, and  28 C, respectively. A 
combina t ion  of the  two nematodes  significantly (P = 0.05) reduced  top growth  below tha t  of 
single inocula t ions  of H. schachtii at all t empera tures .  However,  a combina t ion  of the  two nema-  
todes failed to significantly (P = 0.05) reduce top growth below tha t  of  single inocula t ions  of 
D. dipsaci at any t empera tu re .  Inocula t ions  of  e i ther  H. schacktii o r  D. dipsaci did no t  affect 
pene l ra t ion  of the  o ther  nematode ,  and  D. dipsaci did not  affect deve lopmen t  and  reproduc t ion  
of H. schachtii. D. dipsaci did not  reproduce  on sugarbeet .  Key words: sugarbee t  cyst nematode .  
alfalfa s tem nematode ,  t empera tu re ,  pene t ra t ion ,  concomi tan t .  

J o u r n a l  of  Nemato logy  15(3):426-432. 1983. 

T h e  association of more than one species 
of nematode with the decline of a plant  is 
not  unusual. T h e  presence of one nematode 
may enhance or retard the development  of 
another  nematode on the same host, and the 
effect may be reversed with the same two 
species of nematodes in a different host 
plant (1,2,3,5,9,10). 

T h e  sugarbeet cyst nematode Heterodera 
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schachtii Schm, is found in all major  sugar- 
beet (Beta vulgaris L.) product ion areas of 
tile western United States. T h e  alfalfa stem 
nematode Ditylenchus dipsaci (Kuhn) 
Filipjev is often found associated with sugar- 
beet in areas where alfalfa (Medicago sativa 
L.) and sugarbeet are grown in rotation. 

In Europe D. dipsaci has been found 
parasitizing sugarbeet for more than 75 
years (4), and the same symptomatology has 
been duplicated in the United States by an 
alfalfa strain of the nematode (8). Th e re  
have also been reports from growers and 
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