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Abiotic Soil Factors and Plant-parasitic
Nematode Communities’
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Abstract: A natural community of plant-parasitic nematodes is usually polyspecific. The host plant
is the most important driving force in nematode populations, but abiotic factors are important in
maintaining the steady state. Nematode communities often separate by abjotic soil factors. In any
continuous habitat, including crop plants, generally there is a consistency of the most abundant
species, which are largely predictable. Data on single species provide little information about com-
munity patterns. Although certain nematode species might be indicators of certain environments,
only when we discuss such aspects as diversity and ordination do we relate to communities irrespective
of any interactions among component species. Only if plant-parasitic nematodes act independently
of each other do autecological studies have validity in polyspecific communities.
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A natural community of plant-parasitic
nematodes is usually polyspecific. Species
have different niche dimensions. The same
species may be present in different pro-
portions in different environments and at
different times (2,38). The host affects
populations of plant-parasitic nematodes
more than do soil factors (22,30,40,45).
Even though the host—parasite associations
are often strong and overshadow other in-
terrelationships, the living part of a com-
munity cannot be separated from the phys-
ical part. When a plant supports a
polyspecific nematode community, niche
differentiation is usually evident because of
different feeding habits and different tis-
sues being parasitized. If the species com-
position of communities is largely fortui-
tous, then density dependent factors are
weak. (A discussion of herbivore commu-
nity organization appears in Lawton [18)].
Perhaps the most difficult problem with
nematode communities is to separate the
factors such as soils, host, and competition,
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among others, that influence community
composition and structure. Although much
descriptive work needs to be done to as-
certain whether general patterns exist, de-
scriptive patterns do not relate cause and
effect except by inference. Nematode com-
munities result from a continuous series of
events, often making community compo-
sition a fortuitous one in that the nema-
todes have little control in their occur-
rence.

Much has been written about single
nematode species populations as correlat-
ed with different abiotic soil factors
(23,30,47,48,52), and an extensive review
is not necessary. In spite of a wealth of
information on individual species and soil
factors, little information is available on
polyspecific communities. In this paper, I
am interested in communities of nema-
todes. Because data on single species pro-
vide little information about the commu-
nity patterns, we must look for patterns,
correlations, and cause and effect. A mere
listing of species does not provide much
information about the dynamics of a com-
munity. Only if plant-parasitic nematodes
act independently of each other do aut-
ecological studies have validity relative to
polyspecific communities. Interactions of
nematodes with biota other than their
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hosts, including interactions among plant-
parasitic nematodes themselves, have been
studied little. Until biotic interactions are
clarified, possible interactions of nematode
communities with abiotic edaphic factors
will be difficult to recognize and interpret.

Nematode—nematode interactions have
been divided by Eisenback and Griffin (10)

into ecological and etiological types. In-.

cluded in the former are antagonistic in-
teractions resulting from spatial competi-
tion, physical alteration and destruction of
feeding sites, and a decrease in host suit-
ability by physiological change. But, are
the nematode—nematode ‘“‘interactions’’
that operate indirectly, such as physiolog-
ical change in the host, really host—parasite
interactions that result in nematode succes-
sion by a decrease or increase of popula-
tions of other species? Artificial environ-
ments, as in the greenhouse, can force
artificial interactions (42); however, these
are not discussed here.

TERMINOLOGY

Abiotic, as used here, refers to purely
physical and chemical factors, such as par-
ticle size, structure, gases, and chemicals
in the soil, as well as to organic matter from
decaying plants and animals. Although the
terms population changes and population
dynamics are often used interchangeably,
I prefer to keep them separate. A descrip-
tion of a population change does not pro-
vide much information on the dynamics or
on the driving forces behind those changes.

Holmes (16) made a plea for better com-
munication between persons working on
parasitological communities and ecologists
in other areas. This also applies to plant
nematologists. The need for a unified eco-
logical terminology has long been advo-
cated, but little progress has been made.
Some terms, such as climax, that are com-
monly used in plant ecology probably can-
not be applied properly to the short-term
life cycles of nematodes. The terms com-
petition, interaction, inhibit, and popula-
tion dynamics are examples. As Wallace
(49) noted, the word interaction has often
been used imprecisely in nematology. Sta-

tistical and biological use of interaction can
have different connotations. Pielou (33)
states that most people think a community
without interactions is not structured. The
many references to community structure
without indications of interactions, how-
ever, seem to contradict her statement, al-
though there might be a tacit assumption
that interactions occur as the host—parasite
relationship dictates. Excluding this host—
parasite relationship, interactions among
plant-parasitic nematodes are more nebu-
lous. The ambiguous term strategy as com-
monly used in ecology would best be strick-
en from much of the ecological vocabulary
because of its frequent purposeful teleo-
logical implications. Loose use of terms
such as antagonize, compete, and inhibit
without reasonable proof confuses issues.
Nematologists need to arrive at common
definitions and concepts in general ecolog-
ical contexts, not just a nematological one.

COMPETITION

When interactions among nematodes are
discussed, competition often is mentioned.
Competition has been discussed elsewhere
(21,25), and I will not belabor the issues
here. We cannot define clearly the role of
abiotic factors in nematode communities,
however, without being cognizant of other
possible regulating factors. There are two
schools of thought on the importance of
competition and interaction, and one places
greater importance on competition (19)
than the other (3,25,31,35). To have com-
petition, there must be a shortage of sub-
strate and niche overlap (32). An obser-
vation that one nematode species increases
while another decreases does not necessar-

_ily indicate antagonism, interaction, or

competition between the species, as is often
stated or implied in the literature. Popu-
lation changes may be merely a matter of
natural life cycles or of abiotic changes in
niche dimensions that have nothing to do
with interactions among nematodes. Her-
bivores are seldom resource limited and
therefore are not likely to compete for
common resoures (15). But when there is
resource competition among plant-para-



sitic nematodes, it is usually of the exploit-
ative type. Competition among plant-para-
sitic nematodes is probably not as great as
is sometimes thought. A plant usually can
support a far greater nematode population
than it does; therefore, there is not the
great resource competition that we some-
times like to imagine. The host is the dom-
inating regulating factor in the establish-
ment of a population. After nematodes
become associated with an efficient host,
then primarily environmental factors gov-
ern populations., What probably is more
important than competition among the
plant parasites are the interactions of plant-
parasitic nematodes with other biotic as-
sociates. In plant nematology, we are often
dealing with ephemeral substrates result-
ing in changes in nematode communities
that may have nothing to do with direct
interactions among the nematodes them-
selves.

ABIoTic SolL FACTORS

In describing soil environments, often
only the relatively easy-to-measure factors
such as pH, texture, and organic matter
are given. Other parameters whose meth-
odology is more difficult, more time con-
suming, or even unknown, but which may
be highly important to a nematode, are
omitted. Questions still arise as to the best
method for measuring pH or other param-
eters so that truly accurate and meaningful
results can be obtained. Soil is complex,
and simple heuristic models to explain
nematode population or community be-
havior, however informative, are not very
satisfying, and more complicated models
may be necessary (17).

Sometimes differences in environmental
factors seem small, but, as with soil texture,
large variations may occur in the compo-
nents of a soil designation. For example,
according to the USDA classification of soil
textures, a clay soil can have up to 45%
sand, which results in different-sized pores,
which in turn allows different sizes of
nematodes to inhabit the soil. Small dif-
ferences to us may be large to the nema-
tode. Abiotic factors may be operative
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where a soil favoring nematode increase
and survival allows a greater nematode in-
crease compared with areas where smaller
increases occur in seemingly homogeneous
soils as found by Alby et al. (1) and, in part,
may explain the patchy distribution of
nematode populations.

Other than when the environment limits
survival, the critical time that the environ-
ment controls nematode populations is
during the reproductive stage, which may
be short. Favorable edaphic conditions, in-
cluding temperature and moisture, may
exist for considerable periods, but the
nematode may not have reached the re-
productive stage or may have passed it. Lit-
tle is known about the length of the post-
reproductive period of plant-parasitic
nematodes. Whether nematodes can re-
produce as long as resources and the en-
vironment are favorable is not known. Un-
doubtedly, physiological aging occurs, but
many nematodes probably fail to reach ma-
turity because of adverse environmental
factors. Most plant-parasitic nematodes
probably have a type III survivorship curve;
that is, most mortality in a-population oc-
curs early in life. Some nematode popu-
lations peak early in the season and then
are difficult to find later in spite of abun-
dant resources and seemingly favorable en-
vironments. The life cycle of some species
of Longidorus and Xiphinema is a year or
more (14,20,27). Can adult female nema-
todes resume reproduction after a quies-
cent winter? Survival adaptations might be
more important in large species such as
Longidorus and Xiphinema, which probably
produce fewer eggs than nematodes with
shorter life cycles. The nematodes with
long life cycles often must survive several
periods of unfavorable environment,
whereas species with shorter life cycles and
higher reproductive rates produce many
more offspring. As a result, the latter may
not survive as well as species with long life
cycles but they persist through survival of
offspring. Survivorship varies with devel-
opmental stages of the species.

The two abiotic factors most difficult to
predict are moisture, unless irrigation is
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used, and temperature. As vegetation, both
natural and cultivated, grows where mois-
ture and temperature favor the extant taxa,
so do the nematode parasites. Mathemat-
ical equations projecting population growth
as geometric progressions are often criti-
cized because resultant assumptions fre-
quently are not biologically realistic. Cole
(8) has attempted to show that those sci-
entists who make assumptions not com-
patible with the biological data often come
to the same conclusions as those who con-
sider as many variables as possible in stud-
ies of population growth. Indeed, Ferris
(11) has shown that predicted numbers of
Meloidogyne spp. eggs and juveniles are sim-
ilar, except late in the season, to actual data
even though growth parameters such as
fecundity, natality, and mortality were not
known.

Differences in pH have been associated
with certain nematode responses and may
be important in formation of the com-
munity components. Helicotylenchus platy-
urus, Xiphinema chambersi, and X. rivesi are
relatively common in Iowa woodlands (26,
unpubl.) but are rare in the low pH duff
soils in the boreal forest-hemlock hard-
wood forest in the northeastern United
States. Correlations of pH with nematodes
in Iowa woodlands have been shown (26),
but the added variable of duff soils in an
Adirondack Mountains study (29) versus
the mineral soils in Towa woodlands must
also be considered.

Regional distribution: According to my
tabulation in 1985, 172 species of plant-
parasitic nematodes had been reported in
association with maize in the world. As the
geographical area was restricted, the num-
bers of species present decreased; 78 species
were reported in the 48 contiguous United
States, 27 in Iowa, and in any Iowa field,
4-8 species were known. Holmes (16) in-
dicated that various factors can act as
screens that prevent establishment or limit
reproduction of species, thereby exerting
control on community composition. Poten-
tial species occurrences are limited by lack
of nematode availability due to geograph-
ical isolation or other historical factors,

temperature or moisture limitations, im-
mune or resistant plants, changes in sub-
strate caused by cultural practices, and
nematode genomes that affect ability to re-
produce sufficiently to maintain the pop-
ulation. Habitats are not static but change
with time, slowly or instantaneously. The
nematode species present at any particular
time were able to survive many changes or
have evolved as a result of isolation in
changing environments. Thus, historical
factors are highly important in community
composition. Assuming that these and oth-
er events had resulted in a polyspecific
community, how then do the physical and
chemical properties of the soil govern the
size and composition of a population?

On a large geographical scale, percent-
ages of plant-parasitic nematode species as-
sociations were tabulated for the British
Isles (6) and later expanded to a compari-
son of the British Isles and Belgium (46).
Certain species were associated in greater
frequencies than others. When trichodorid
nematodes in the British Isles and Beigium
were compared, the associations of species
were generally similar except that Tricho-
dorusviruliferus and Paratrichodorus teres had
different affinities with other nematodes in
the two countries. Also, associations of
Xiphinema diversicaudatum, Longidorus goo-
deyi, and L. leptocephalus were similar in the
two countries, but L. elongatus and L. caes-
piticola differed. Causes of similarities and
differences are not known, but both host
and edaphic factors must be considered.

Local distribution: Examples of species
distribution along environmental gradi-
ents are provided by Burkhalter (7), Egun-
jobi (9), Norton and Oard (29), and Weav-
er and Smolik (51) in mountainous areas
and by Norton and Oard (28), Nyhan et
al. (30), and Procter (36) in areas of small
relief. Even in areas of small relief, gen-
eralities cannot be made about populations
in toposequences. In an Iowa clay-loam
soil, the greatest number of individuals
were usually found at the summit position
(30), whereas in a highly silty soil (28), most
plant-parasitic nematodes, except for Par-
atylenchus sp., were below the summit. Sim-



ilarly, Procter (36) found that free-living
nematodes in the Arctic increased from the
summit position down the backslope to the
lowland transition of a toposequence. He
speculated that these changes in numbers
were due to changes in vegetation and the
drier conditions at the upper parts of the
toposequence. Besides heterogeneity of
soils, coexistence may result from small dif-
ferences in a given soil property, such as
pH, soil texture, temperature, moisture,
gas content, or other factors. Even when
one species of plant is studied, the nema-
tode species often separate on the basis of
edaphic factors (24,39). Ferris et al. (13)
found that similarity indices of plant-para-
sitic nematode species and numbers in 14
soybean fields in Illinois and Indiana fre-
quently separated by soil factors.

With crop plants, there generally is a
consistency in occurrence of the most
abundant nematode species. The species
found in a crop are generally the same from
one decade to the next and are largely pre-
dictable for an area, assuming no major
alterations in habitats. For example, com-
parisons of selected nematodes in the lower
Rio Grande Valley of Texas were essen-
tially the same between 1978 and 1987 as
they were in 1965-66 (39). In polyspecific
plant communities in the Lower Rio
Grande Valley of Texas when distribution
cannot be attributed to hosts, Meloidogyne
incognita and Rotylenchulus reniformis sepa-
rate by soil texture (39). Abiotic environ-
mental resistance certainly contributes to
maintaining established populations in a
flexible steady state. Unless one examines
markedly different soils, one usually learns
by experience which nematodes to expect
around a crop or habitat in a given area.
What is true for maize in Iowa, however,
is not always the same for maize in Asia or
even in the southern United States, Part
of this is due to major climatic differences
in which some species cannot survive, and
historical factors may be important.

When species cluster by habitat, such as
in native prairies (41), the clustering due
to host relationships cannot be separated
from that due to edaphic factors. Edaphic
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factors seem paramount in many instances
because of the almost constant association
of certain species with given soil condi-
tions. Unknown causes and effects aside,
such studies are valuable in making pre-
dictions within broad limits.

Nematode diversity and soils: Diversity is a
measure of community composition, and
the diversity index H’ is based on the pro-
portions of species in a community (34).
Variations in local conditions usually are
the determining factors (38). Few data ex-
ist on the diversity (H') of nematodes in
different soils or soil perturbations. Yeates
(53), while acknowledging that more data
are needed, suggested that topographic,
soil, and climatic factors are likely to be as
important in determining H' as are vege-
tation and cultivation. ’

There are few studies in which polyspe-
cific nematode communities are monitored
around the same crop species in different
soils. In an Illinois rotation study (12),
trends in H' containing six nematodes at
four different locations varied with the crop
and soil (Table 1). Maize generally sup-
ported the highest diversities when only
maize, soybeans, and wheat were consid-
ered. Maize in rotation had a higher H’
than continuous maize at the only site
where this cropping system was used. The
H's were higher in the clay loams than in
the silt loams.

Results of studies in Montana (51), Po-
land (50), Switzerland (7), and New Zea-
land (9) indicate that nematode numbers
or diversities, either of genera or species,
are greatest in grasslands and least in for-
ests or cultivated areas. Unfortunately, ex-
traction techniques favorable for recovery
of the criconematids (5) were not used in
early studies. In a study in Poland covering
nematode genera in all trophic groups, the
H's were 4.0-4.9 for grasslands, 3.2-4.3
for forests, and 3.1-4.2 for cropfield hab-
itats (50). Part of these differences in H’
probably is due to the diversity of hosts,
but diverse soil factors may also be impor-
tant because many woodlands are too dis-
sected to be suitable for cultivation and
some prairies are also unsuitable for agri-
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TasLe 1. Diversity (H)T of six nematodess in soy-
bean rotation plots sampled in midsummer in Illinois.

Nematodes/
Soil type and crop rotation 473 cm?® soil H’
Urbana—Proctor silt loam
Maize 1,055 0.95
Soybeans 858 0.87
Wheat 601 0.79
Forage$ 2,259 0.44
Toledo—-Cisne silt loam
Maize 1,530 0.83
Soybeans 1,694 0.43
Wheat 1,521 0.39
Forage§ 2,114 0.60
Urbana—-Drummer silty clay loam
Maize 973 1.06
Soybeans 1,674 0.94
Wheat 537 0.87
Forage§ 518 1.24
Hartsburg-Illiopolis silty clay loam
Maize 1,947 1.04
Soybeans 1,300 1.02
Wheat 807 1.17
Maize (continuous) 1,434 0.86
Soybeans (continuous) 1,219 1.00

¥ Calculated from table 1 in Ferris and Bernard (12).

I Helicotylenchus pseudorobustus, Paratylenchus projectus, Pra-
tylenchus spp., Quinisulcius acutus, Tylenchorhynchus martini,
Xiphinema americanum.

§ Alfalfa, red clover, bromegrass.

culture because of drainage problems.
Drainage problems often indicate diverse
topography and, in all probability, differ-
ent soil conditions.

Stinner and Crossley (43) found that in
a rotation of sorghum (July-November)
and rye (December—June), diversity of
plant-parasitic nematodes tended to be
greater under conventional tillage than un-
der no-till from July to November. There
was generally little difference after that.
The influence of the season or the crops
was not measured.

Calculation of H's for the four extreme
tillage practices from population studies of
seven different tillage systems in a maize
field (44) resulted in discernable trends.
For all trophic groups combined, the fall-
plow treatment consistently had higher H's
than did the no-till ridge treatment (Fig.
1A). The H's of both generally declined
over time largely because of the increase
in the proportion of bacterial feeders rel-
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Fic. 1. Diversity (H') in nematodes. A) All nema-
tode trophic groups in fall-plow and no-till ridge maize
tillage plots. B) Plant-parasitic nematodes in spring-
plow and no-till flat maize tillage plots. Calculated

from raw data of Thomas (44).

ative to the plant-parasitic forms. The no-
till flat and spring-plow treatments had
similar trends, but they were not as strong.
When only the plant-parasitic nematodes
were considered, the H's in the spring-
plowed and no-till flat treatments tended
to increase over time (Fig. 1B), mainly be-
cause of increases in proportions of Pra-
tylenchus spp. and Xiphinema americanum
relative to Helicotylenchus pseudorobustus.
When the seasonal H's were compared
among the treatments, the no-till ridge
treatments generally had the lowest H' in
the various trophic groups. Baird and Ber-
nard (4) found ‘“no significant differences
in species dominance or species diversity”’
while studying cropping and tillage systems
in Tennessee.

H'’ and elevation: The H's are expected
to change with changes in elevation. When



elevation changes are small, H' changesare
likely to be caused by local edaphic con-
ditions such as soil texture or moisture.
Where there are major elevation changes,
such as going through vegetational zones,
changes in H' might be caused by host
changes and edaphic factors such as
changes in the climate. In a toposequence
planted to maize, H' was generally highest
at the backslope (28). The spread in am-
plitude, however, was greater on the north-

- facing than on the west-facing slope, and
the general trends were different on the
two slopes. The soils at all sites were deep
loess of 60-84% silt. The greatest amount
of organic matter, up to 4.6%, was at the
toeslope. Because the same maize germ-
plasm was used, the differences were pre-
sumed to be caused by environmental vari-
ations.

Where major changes in elevation occur,
as in mountainous areas, the reduction in
nematode diversity at higher elevations is
thought to be caused mainly by the climate
at higher elevations (7,29,51). Whereas a
moisture gradient was most evident in the
maize toposequence, temperature gradi-
ents were the most plausible causes for the
lower diversity at higher elevations in the
mountain studies. In a Swiss alpine study
(7), the richness of genera and species,
mostly those that are not plant parasitic,
became less as height increased but the
number of individuals remained approxi-
mately the same. In an Adirondack Moun-
tain study (29), the lesser H's with increas-
ing elevation probably were due to the
more rigorous climate at the higher ele-
vations, until mainly Criconema sphagni and
Ogma menzeli were obtained as the alpine
tundra was approached. This was true
whether a single plant species (Abies bal-
samea) was sampled in the vegetational
zones (hemlock~hardwood, boreal forest,
tundra) or whether mixed vegetations were
sampled. This might indicate that climate
and soil factors are more important than
the host.

Diversity and stability: The concept that
a diverse community, based on many species
and an abundance of interactions, leads to
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community and even environmental sta-
bility (37) has lost favor in recent years.
More consideration is being given to the
concept that environmental stability leads
to community stability, which in turn, al-
lows community diversity (21,34). Al-
though information about nematode di-
versities and community structure is not
sufficient to test these hypotheses, most
plant-parasitic nematodes probably are
r-selected species, especially those in the
simple and changeable cultivated agroeco-
systems. The K-selected species usually
occur in the more stable natural environ-
ments, are biologically more complex, and
probably cannot recover after severe per-
turbations as well as r-selected species (21).

FUTURE

A better understanding of nematode
ecology is needed. We need a much clearer
idea of a community, to define our terms
clearly, to document mechanisms (dynam-
ics) of population changes in a community,
and to look for cause-and-effect relation-
ships. After the host, abiotic factors can be
the most important. We need to know the
meaning of competition, and how much is
operative. What role do abiotic soil factors
have in maintaining the steady state of pop-
ulations? Only when we know all we can
about the driving forces behind nematode
populations can we predict composition and
diversity. Plant-parasitic nematodes prob-
ably have a type III survivorship curve or
close to it. To what degree to abiotic fac-
tors govern this> How can we alter the
abiotic factors when it is desirable to re-
duce survivorship further? How can we dif-
ferentially reduce survivorship or repro-
ductivity of the individuals in a community?
A study of abiotic factors in the composi-
tion and structure of nematode commu-
nities is necessary, but only when we can
understand the dynamics with the biolog-
ical associates will we be able to be sure of
cause-and-effect relationships. More work
involving two or more variables are nec-
essary. Obviously, many more studies are
needed to discern relationships.
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