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Introduction

An infestation of Heterodera schachtii Schmidt, 1871, usually
appears first as a spot of depressed growth in a field of sugar beets.
The infestation presumably arises from an inoculation source
near the center. Sugar beets are most retarded in growth at the
central region allowing the conclusion that the area has a higher
nematode population density. To study this presumption, popu-
lation densities were examined from four locations in sugar beet
fields.

Procedure

The Beet Sugar Development Foundation conducted a study
of the incidence of nematodes in sugar beet production.? Samples
of sugar beets and soil were collected in California. Colorado,
and Michigan, representing the far western, central, and general
eastern limits of the sugar beet growing regions, respectively.

Four samples were taken from each field. Sample A was taken
from the apparent center of the infested area. Sample B was
taken midway between the point of Sample A and the apparent
edge of the infested area. Sample C was collected at a point be-
lieved to be the edge of the infested area. The collection of
Sample D was from a presumably unaffected area of the field.
A detailed description of procedures has been published pre-
viously (1).?

Results

Of the 273 sugar beet fields sampled, 205 or 75.09 percent
were infested to some degree by H. schachtii. In California a
total of 512 individual soil and sugar beet samples were collected
and examined from 140 fields. H. schachtii was found in 326
of the samples and 88 of the fields giving 63.67 percent and 62.85
percent respectively.

The population density estimate classification of 101 to 500
nematodes per quart of soil had the greatest frequency of occur-
rence. Of the 326 samples, 55 samples or 16.87 percent had 100
or less H. schachtii larvae per sample. The remaining 271 samples
had estimates of 101 or more H. schachtii larvae per sample.

1 Formerly Nematologist, Beet Sugar Development Foundation, Fort Collins, Colorado,
now Associate Nematologist, Department of Plant Pathology, South Dakota State College,
Brookings, South Dakota.

2 The assistance and cooperation of the officials of Agricultural Research Service of the
United States Department of Agriculture and the officials and personnel of the beet sugar
industry which helped make this study possible is gratefully acknowledged.

4 Numbers in parentheses refer to literature cited.
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Population density estimates of H. schachtii cysts on beet
roots were consistent in frequency. Where the soil population
estimates were grouped about the higher densities, the frequency
of the root population estimates were generally the same at all
densities. Root population estimate frequencies were: very rare
—>57. rare—49, infrequent—>51, abundant—38, and very abund-
ant—~65.

In Colorado, 105 sugar beet fields were sampled. H. schachtii
was found in 99 or 92.52 percent of these fields. Of the 425 in-
dividual samples of soil and beets. 369 or 86.82 percent were
infested with H. schachtii.

H. schachtii occurred in 86 samples. or 20.59 percent. at den-
<ities of 100 nematodes per quart of soil or less. The other 283
samples had nematode populations estimated at 101 nematodes
ner sample or higher.

The very abundant and abundant root population estimates
of H. schachtii were the most frequent, occurring in 200 or 58.65
percent of the samples. Root population estimate frequencies
were: very rare—39, rare—53, infrequent—49, abundant—52,
and very abundant—148.

In the state of Michiean H. schachtii occurred in 18 of the
26 felds and 61 of the 104 samples giving percentages of 69.23
and h8.65 respectively.

Population densities of 100 nematodes per quart of soil or
less were found in 10 samples, or 16.95 percent of the H. schachtii
nonulations. The remainine samples were estimated to have soil
nopulation densities of 101 nematodes ner auart of soil or more.
A population density estimate of 1.001-10.000 was assiened to
0. or 50.8 nercent of the soil samples.

H. schachtii nopulation densitv estimates on suear beet roots
were most frequent in the hicher numbers. Of the 57 suoar beet
roots found infested. 27 or 47.37 percent were placed in the
very abundant class. Freaquencies of root population estimates
were: rare to very rare—12, infrequent—7, abundant—6. and
verv abundant—27.

The three state total of 126, or 17.40 percent of the samples.
had H. schachtii soil population densities less than 100 individuals
or less per quart of soil. The remaining 598 soil samples, or
82.60 percent, had nematode soil population densities of 101 or
above. In all three states soil population density estimates ranged
from 1 to 10,000 or more larvae per quart of soil.

H. schachtii females were found on 658 sugar beet roots of
which 336, or 51.06 percent were placed in the abundant and
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very abundant categories. H. schachtii infestations on a scale
of the above magnitude must be considered serious economic
and field factors.

Discussion

Soil and root population densities of H. schachtii at the lower
estimates showed smaller frequencies and populations at sample
site A, the apparent center of infestation, and larger frequencies
and populations at sample site D, the apparently unaffected area
of the field (Figure 1 shaded and Figure 2 striped). At the
middle range of the population density estimates, the popula-
tion densities of soil and root samples were approximately equal
at all four field sample sites (Figure 1 striped and Figure 2
shaded) . The population density gradient is reversed at greater
population densities. Sample site A had the greatest soil and
root population densities with decreasing population densities
as each sample site becomes more distant from the apparent
center of infestation (Figure I clear and Figure 2 clear). Sample
site D, the apparently noninfested parts of the field shows a high
incidence for the presence of H. schachtii, being present in 167
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Figure 1.—The frequency of Heterodera schachtii soil populations at
field sample sites. Shaded—Irequency of midseason H. schachtii soil popu-
lations at densities of 1 to 100 larvae per quart of soil. Striped—frequency
of midseason H. schachtii soil populations at densities of 101 to 500 larvae
per quart of soil. Clear—frequency of midseason H. schachtii soil popula-
tions at densities of 501 to 10,000 or more larvae per quart of soil.
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of 189 soil and 127 of 186 root samples. This illustrates the ex-
tent of the infestation in the fringe area beyond the area of
visual top symptoms.

Averages of the estimates of the total soil population densi-
ties at each sample site show a population density gradient with
a maximum at sample site A to a minimum at sample site D.
Assuming that the nonplant-parasitic soil population density
of nematodes in a cultivated field is uniform, within allowable
variations, this gradient is seen to be dominated by the presence
of plant-parasitic nematode populations. The soil biotic buffer-
ing system where organisms are able to live together without
a plague of a certain kind is seen to be shifted to where H.
schachtii can develop high population densities. An explanation
of this is probably found in the duration of the food supply,
their fecundity, and habit of cyst formation. The long period
in which an optimum food source is available is probably most
important. Free-living nematodes, of which many have a higher
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Figure 2.—The frequency of Heterodera schachtii root populations at
field sample sites. Striped—frequency of midseason H. schachtii cyst popu-
lation density estimates of very rare and rare. Shaded—frequency of mid-
season H. schachtii cyst population density estimates of infrequent. Clear—
frequency of midseason H. schachtii cyst population density estimates of
abundant and very abundant.
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reproductive potential than H. schachtii, build up high popula-
tion levels when a food source is made available. such as a green
manure crop and turning under crop residue. This food supply
is quickly expended and the high population densities of free-
living nematodes are reduced. Thus the continued or frequent
cropping of susceptible plants shifts the buffering affect until
the system itself eliminates the susceptible crop because of un-
economical yields due to high population levels of H. schachtii.

Summary and Conclusions

At low population densities the H. schachtit population
density gradient increased as sample sites moved from the ap-
parent center of infestation to the presumably unaffected areas
of a sugar beet field. The H. schachtii population density gradi-
ent decreased as sample sites moved from the apparent center of
infestation to the presumably unaffected area of a sugar beet
field at high population densities. Variations of the total soil
population densities appear to be dominated by the presence of
plant-parasitic nematode populations.
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