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Abundance and Vertical Distribution of 
Longidorus breviannulatus Associated 

with Corn and Potato 1 

A. E. MACGUIDWIN 2 

Abstract: Longidorus breviannulatus was detected in a field planted to corn after 13 years of potato. 
Nematode populations were maintained in this field in adjacent corn and potato plots for 2 years 
but did not increase significantly on either crop. Population levels increased until approximately 
60 days after planting and then declined until the end of the growing season. Overwinter mortality 
was negligible. The vertical distribution of the nematode population changed during the course of 
the season. More nematodes were recovered from depths of 0-15 cm in early season samples and 
from depths of 15-30 cm in late season samples. Data indicated that this redistribution was due to 
nematode migration. 

Key words: corn, corn needle nematode, Longidorus breviannulatus, migration, potato, Solanum 
tuberosum, vertical distribution, Zea mays. 

Longidorus breviannulatus Nor ton  & 
Hoffmann, 1975, the corn needle nema- 
tode, is a damaging parasite of  corn (Zea 
mays L.). First described from Iowa (9), it 
has been found in Ontario, Canada (1), and 
in the northeastern United States (3,5,7,9). 
Injury thresholds may be as few as 10 
nematodes per 100 cm 3 soil (7). Symptoms 
are most severe during late May and June; 
they include stunted and chlorotic shoots 
and reduced root systems. 

Some factors affecting the population 
dynamics and distribution of L. brevian- 
nulatus have been identified. In addition to 
corn, other grasses, including gramina- 
ceous crops, support nematode popula- 
tions (3,7). Population increase is greatest 
in soils that are irrigated (7), have high 
phosphorus levels (5), or contain more than 
90% sand (9). 

Longidorus breviannula tus has been found 
in sandy soils at four sites in southern and 
central Wisconsin. In 1985, it was detected 
in research plots planted with corn after 
13 years of continuous potato (Solanum 
tuberosum L.). Patches of stunted corn were 
evident soon after planting. Beginning in 
1986, nematode populations were moni- 
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tored to determine the host status of potato 
for L. breviannulatus and to study the effect 
of host crop and seasonal changes on the 
vertical distribution of  nematodes. 

MATERIALS AND METHODS 

Plots were established on irrigated Plain- 
field loamy sand (92% sand, 5% silt, 3% 
clay) at the Hancock Agricultural Research 
Station, Plainfield, Wisconsin. Potato was 
grown on the site from 1972 to 1984; corn 
was grown in 1971 and 1985. In 1986 and 
1987, eight rows of corn ('WIS 4763') and 
potato ('Russet Burbank') were planted in 
adjacent strips 90 m long and separated by 
a 3.6-m-wide alley. The site was plowed on 
8 April 1986 and 14 April 1987. Potato 
was planted 24 April 1986 and 29 April 
1987; corn on 8 May 1986 and 30 April 
1987. Potato plots were hilled the first week 
in June. Fertilizer, herbicides, and insec- 
ticides were applied according to recom- 
mended practices. Soil temperature was 
monitored in the potato plots during 1987 
with five thermocouples buried at 7.5-cm 
intervals 3.6-33.6 cm deep and recorded 
by a CR-2IX micrologger (Campbell Sci- 
entific). Potato was harvested on 30 Sep- 
tember 1986 and 2 October 1987. Corn 
was harvested on 22 October 1986 and 15 
October 1987. There  was no fall tillage. 

The strips of continuously planted corn 
and potato were divided for sampling pur- 
poses into 10 plots, 6 m long with 3 m 
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between plots. Samples were collected on 
nine dates at intervals of  2 -4  weeks, in- 
cluding immediately after planting and be- 
fore harvest. Soil cores, 2.5 cm d x 37.5 
cm deep, were collected with a sampling 
tube from the six inner rows. In 1986, six 
cores were colIected from each plot. In 
1987, 10 cores were collected from each 
of  six plots; plot 7 was fallowed and plots 
8-10 were not sampled. The  cores were 
divided into five 7.5-cm sections corre- 
sponding to position in the vertical soil pro- 
file and composited by depth. 

One day before harvest in 1987, addi- 
tional samples were collected from the 45 -  
60-cm depth in the corn plots. A sampling 
tube was inserted into the holes made by 
the removal of  the 0-37.5-cm sample core. 
Two, four, and eight weeks after planting, 
10-core samples were collected to a depth 
of  30 cm from each of  the two fallow plots. 

A 100-cm ~ aliquot o f  soil from each sam- 
ple was processed by a centrifugal-flotation 
technique (6) using nested 250-um-pore and 
38-tzm-pore sieves. Roots and debris re- 
tained on the 38-~m-pore sieve during the 
soil washing procedure  were placed on 
Baermann funnels for 2 days. L. brevian- 
nulatus were counted from entire samples 
using a dissecting microscope and catego- 
rized as juvenile or adult. Counts were not 
adjusted for extraction efficiency because 
of  the high recovery (> 90%) by the tech- 
niques employed (MacGuidwin, unpubl.). 
After removing the subsample for nema- 
tode extraction, replicate soil samples from 
each depth were combined and the per- 
centage of  soil moisture, by weight, was 
determined. 

Analysis o f  var iance (ANOVA)  and 
regression procedures were performed (P 
-< 0.05) on raw nematode counts for the 
five soil strata collected among and be- 
tween sampling dates. The  percentage of  
the nematodes at each depth was calculat- 
ed for each replicate sample by dividing 
the number  of  nematodes at each depth by 
the sum of the counts from all depths. For 
analyses of  population levels over time, data 
from all five depths were pooled for each 
sampling date. 
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FIG. 1. Mean numbers of adult and juvenile Lon- 
gidorus breviannuIatus (+_ SE of total) extracted from 
potato (A) and corn (B) plots during 1986 and 1987. 
In months with multiple sampling dates, only one is 
reported. Samples were collected in April 1986 from 
corn plots when potatoes were planted; only total 
nematode numbers were recorded. 

RESULTS 

Longidorus breviannulatus populations re- 
produced on both potato and corn (Fig. 1). 
All juvenile stages and nongravid and grav- 
id females were recovered from soil sam- 
pies. The  frequency of  males in the pop- 
ulation was less than 1%. Initial population 
levels were 1.3 nematodes /100  cm 3 soil on 
potatoes and 12 times greater on corn. 
There  were no consistent trends in the 
population dynamics between years or 
crops. Total  numbers of  nematodes in- 
creased (P _< 0.05) by June 1986 and Au- 
gust 1987 in potato plots. Populations in 
corn plots increased (P _< 0.05) only in May 
1987. Mean ratios of  juveniles to adults 
ranged during the season from 0.5 to 4.4 
for corn and from 0.4 to 12.5 for potato. 
Population levels associated with corn and 
potato did not decline from the fall of  1986 
to the spring of  1987 (Fig. 1). Few nema- 
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annulatus extracted from five soil depths in potato 
plots during 1986 (A) and 1987 (B). 
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FIG. 3. Mean numbers (± SE) ofLongidorus brevi- 
annulatus extracted from five soil depths in corn plots 
during 1986 (A) and 1987 (B). 

todes (<  5 / 1 0 0  cm s soil) were recovered 
from fallow plots 2 and 4 weeks after plant- 
ing; no nematodes were detected after 8 
weeks. 

The distribution of  L. breviannulatus 
among the sampling depths changed over 
time for corn in both years and for potato 
in 1987. Data from four sampling dates are 
representative of the seasonal population 
changes noted in the plots (Figs. 2, 3). 
Numbers of  nematodes were greatest (P -< 
0.05) in the upper sampling depths at the 
beginning of the season and in the lower 
depths at the end of the season. At mid- 
season, nematodes were distributed evenly 
among the depths. Population densities 
were greatest (P -< 0.05) in the lower sam- 
pling depths of  potato plots throughout the 
1986 season. Similar results were obtained 
when juvenile or adult counts alone were 
analyzed. 

The ratio of  final L. breviannulatus pop- 
ulation density at harvest (Pf) to the initial 
population density at planting (Pi) was less 
than 1.0 for samples collected at depths of  

0-15 .0  cm, ca. 1.0 at 15.1-22.5 cm deep, 
and greater than 1.0 for the 22.6-37.5-cm- 
depth samples for corn and potato. A mean 
of  6.2 (+ 3.6) nematodes were recovered 
from samples collected at depths of  45-60  
cm in the corn plots on 14 October 1987. 

The vertical distribution of  nematodes 
changed (P -< 0.05) during the winter of  
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FIG. 4. Mean percentages of  Longidorus brevian- 
nulatus population extracted at 0-I  5 cm (population 
estimate based on samples collected at 0-37.5 cm) in 
corn and potato plots in 1986 and 1987. 
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1986-87 in both potato and corn plots (Fig. 
4). In November  1986, 26 weeks after 
planting, ca. 20% of  the population was 
located in the top 15 cm of soil. By April 
1987, this proport ion had increased to ca. 
50%. 

Soil moisture content (percentage by 
weight) ranged from 3.6 to 6.7 in potato 
plots and from 4.0 to 8.2 in corn plots. 
Variation among depths was greatest at the 
beginning and end of  the season for both 
crops. Daily average, minimum, and max- 
imum soil t e m p e r a t u r e  was consis tent  
among the sampling depths below 7.5 cm, 
generally varying by not more than 1 de- 
gree. 

DISCUSSION 

The  host range ofL. breviannulatus is not 
as restricted as first reported (7). Although 
all previously reported field infestations of  
L. breviannulatus were on corn or other  
graminaceous crops, an infestation of  this 
nematode was maintained in a potato field. 
Nematode population density in this field 
after 13 years of  continuous potato was 
sufficient to produce noticeable symptoms 
the first year corn was planted. The  decline 
of  the nematode population in fallow alleys 
by late June indicated that nematodes 
probably did not persist on graminaceous 
weeds that did not establish until late July 
or August when potatoes began to senesce. 

Potato is a fair host for L. breviannulatus: 
nematode reproduction occurred on po- 
tato and population levels increased 30-60 
days after planting. Population densities 
were lower in potato plots than in corn 
plots, but the differences were present from 
the onset of  the study. The  failure of  the 
nematode population to increase within a 
season may be due to the reproductive po- 
tential of  the nematode rather than the 
host status of the associated crop, because 
similar findings were reported for other  
Longidorus and Xiphinema spp. (2). 

Longidorus breviannulatus successfully 
overwinters in Wisconsin. Additional sam- 
ples collected in 1988 showed that popu- 
lation levels did not decline between No- 
vember 1987 and April 1988, confirming 

the previous data. The  discrepancy be- 
tween our results and a recent report  of  
the overwinter decline of  an Iowa popu- 
lation (8) may be due to differences in geo- 
graphic isolates of  the nematode or envi- 
ronmental conditions. 

The  seasonal redistribution of  L. brevi- 
annulatus vertically within the soil profile 
is a previously reported (7,10) but  unex- 
plained phenomenon.  Natality, mortality, 
immigration, and emigration are popula- 
tion level processes that cause nematode 
densities to fluctuate at a particular depth. 
These processes are controlled largely by 
factors that may vary with soil depth (e.g., 
temperature and host resource availabili- 
ty). 

The  consistency in the change of  nema- 
tode distribution in the soil profile for two 
crops over 2 years, the synchronous rise in 
the number  of  juveniles and adults at the 
same depth, and the long nematode life 
cycle strongly indicate that in this study the 
vertical distribution ofL. breviannulatus was 
due mainly to migration. Stimuli that might 
prompt  vertical migration of L. brevian- 
nulatus were not readily apparent. Nema- 
todes did not appear to be responding to 
host-related stimuli, since upward move- 
ment began before host roots were present 
and downward  m o v e m e n t  c o m m e n c e d  
when the majority of  roots were located in 
the top 15 cm of soil. Although environ- 
mental factors elicit nematode movement,  
the role of  soil temperature and moisture 
in the downward migration of  L. brevian- 
nulatus is unknown. In our study, daily av- 
erage, minimum, and maximum soil tem- 
peratures during the growing season varied 
little among depths below 7.5 cm. Soil 
moisture varied more among depths than 
did temperature and may have influenced 
L. breviannulatus distribution. 
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