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Abstract: Seven populations of Heterodera trifolii from Arkansas, Kentucky, Pennsylvania, and Australia
plus 3 or 4 single-cyst isolates (SCI) from each population were tested for reproduction on seven species
of plants to compare the host preferences among and within populations. Common lespedeza, Kum-
merowia striata cv. Kobe, was a good host for all populations and isolates. Therefore, a plant was con-
sidered to be a host if the number of females produced on it was 10% or more of the number on Kobe.
All seven populations reproduced on Trifolium repens and T. pratense. None reproduced on Beta vulgaris
or Glycine max. One single-cyst isolate from the Australian population produced a few females on T.
pratense. The Australian population maintained on carnation, Dianthus caryophyllus, produced females on
carnation but not on curly dock, Rumex crispus. However, its subpopulation maintained on T. repens
produced females on R. crispus but not on carnation. Four of the other six populations produced
females on R. crispus, and four produced females on carnation. Differences in host range were observed
among seven of the mother populations and their SCI, and among isolates within each population. Five
host range patterns were found in populations and SCI of H. trifolii. Significant quantitative differences
occurred among populations in the numbers of females on most hosts, between isolates and their
original populations, and among isolates from the same population. SCI selected from white clover
produced fewer females on a series of test hosts and had host ranges the same as or narrower than those
of the original populations. However, SCI selected from Kobe lespedeza had more females on some
hosts and had host ranges the same as or wider than those of the original populations. The host ranges
of all populations and SCI of H. trifolii were different from those of populations and SCI of race 3 of H.
glycines and H. lespedezae.

Key words: clover cyst nematode, Heterodera glycines, Heterodera lespedezae, Heterodera trifolii, host-parasite
interaction, host range, nematode.

The clover cyst nematode (Heterodera trifo-
lii Goffart, 1932) occurs worldwide, includ-
ing New Zealand (Yeates and RIsk, 1976),
Australia (Mcleish et al., 1997), Canada
(Kimpinski et al., 1994), United States
(Singh and Norton, 1970), and The Nether-
lands (Seinhorst and Sen, 1966). Its host
range includes species of Caryophyllaceae,
Chenopodiaceae, Cucurbitaceae, Fabaceae,
Labiatae, Polygonaceae, and Scrophulari-
aceae (Maas and Heijbroek, 1982). Crops
most commonly reported to be hosts are
white clover (Yeates and Risk, 1976), red clo-
ver (Mercer and Campbell, 1986), carnation
(Cuany and Dalmasso, 1973), other legumi-
nous plants, and some vegetable crops (In-
serra et al., 1993; Kimpinski et al., 1994; Si-
kora, 1977). In 1982, H. trifolii was reported
as a serious pest of sugarbeet in certain areas

of The Netherlands (Maas and Heijbroek,
1982). Damage to plants by H. trifolii is asso-
ciated with early invasion of seedlings (Mer-
cer and Campbell, 1986), interruption of ni-
trogen fixation (Yeates et al., 1977), interac-
tions with other soil-borne fungal pathogens
(Sikora, 1977), and influence on rhizo-
sphere microbial biomass (Yeates et al.,
1998). The yield losses of infected crops are
generally significant and may be severe.

In early research, H. trifolii was referred to
as a species complex that reproduced by par-
thenogenesis (Hirschmann and Trian-
taphyllou, 1979). The chromosome number
of 24 to 35 indicates that this group of nema-
tode is triploid or tetraploid in comparison
to other Heterodera spp. that have a chromo-
some number of n = 9 (Triantaphyllou and
Hirschmann, 1978). Separation of H. trifolii
from other related species had been made
by comparing morphometrics of eggs and
second-stage juveniles (Steele and White-
hand, 1984) and cysts (Abawi et al., 1973),
egg hatching (Steele et al., 1982), and ultra-
structure by scanning electron microscopy
(Hirschmann and Triantaphyllou, 1979;
Stanger and Noel, 1996). Electrophoretic
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analysis of soluble proteins (Pozdol and
Noel, 1984) and sequence comparison of
spacer ribosomal DNA (Ferris et al., 1993)
also have been employed to differentiate re-
lated species. These observations distin-
guished H. trifolii from several related spe-
cies such as H. lespedezae and H. galeopsidis,
which have been regarded as separate spe-
cies.

The monosexual reproduction of H. trifo-
lii may indicate that less genetic variation
occurs than in other cyst-forming nema-
todes, such as H. glycines and H. schachtii,
that reproduce by amphimixis. However, ob-
servations have shown significant variation
in host ranges of populations of this species
(Maas et al., 1982). The concept of “race” or
“pathotype” for some populations of H. tri-
folii was proposed (Cuany and Dalmasso,
1973; Maas and Heijbroek, 1982; Maas et al.,
1982). The most distinct host race proposed
in H. trifolii is the yellow beet cyst nematode
(YBCN), which has a distinct yellow phase;
H. schachtii does not have a yellow stage dur-
ing the change from white to brown and
reproduces well on sugarbeet but poorly on
white clover (Maas and Heijbroek, 1982). In
addition to the variation in reproduction
specific to different plant species, differ-
ences in cyst production on a series of clover
cultivars also were observed in several geo-
graphically distinct populations (Mercer
and Grant, 1993; Singh and Norton, 1970).
The intraspecific variation in host-parasite
relationships suggests that polyploid parthe-
nogenetic species have much genetic vari-
ability and the capacity to adapt to host spe-
cies or cultivars where populations are geo-
graphically dispersed. However, no research
has been done on differences in host pref-
erence between individuals from the same
population, which would be necessary for
understanding the population genetic dy-
namics of a parthenogenetic species in a
multihost planting system.

Heterodera trifolii has a very diverse host
range. It is adapted to parasitism of sugar-
beet, and R. A. Chapman (pers. comm.)
identified populations that parasitized soy-
bean. In this research, several isolates were
developed from individual cysts of several

geographical populations and tested for
their reproduction on a series of test plants
along with the original populations. The ob-
jectives of this research were to compare the
reproductive abilities of geographical popu-
lations on a series of plant species and to
investigate the variability in host preference
among single-cyst isolates (SCI) derived
from those populations of this parthenoge-
netically reproducing species.

MATERIALS AND METHODS

Populations: Populations of H. trifolii col-
lected from Arkansas, Kentucky, Pennsylva-
nia, and Australia were maintained on the
host of origin and other selected hosts in a
greenhouse (Table 1). A stock population of
race 3 of H. glycines maintained on soybean
cv. Lee 74 and a population of H. lespedezae
maintained on common lespedeza cv. Kobe
were included in this study for a comparison
of the host ranges of different nematode
species. All populations were allowed to
propagate on the maintenance hosts for a
generation or until enough cysts were ob-
tained for the host test.

Isolates: Ten single cysts randomly selected
from each stock population were picked out
individually to a 1.5-cm-diam. watch glass.
Each cyst was crushed to release eggs by
pressing it with a glass bar. Each crushed cyst
with more than 100 mature eggs was washed
into the rhizosphere of a white clover or les-
pedeza plant (Table 1) growing in a 7.5-cm-
diam. clay pot. After 35 to 40 days, mature
females were extracted from roots of host
plants by a rubbing-and-sieving method
(Riggs and Schmitt, 1991). The four isolates
from each stock population with the highest
numbers of cysts were propagated on each
maintenance host until enough cysts were
obtained for host tests.

Host test: Plants included in the test were
white clover (Trifolium repens cv. Ladino),
red clover (T. pretense cv. Kenland), com-
mon lespedeza (Kummerowia striata cv.
Kobe), curly dock (Rumex crispus), carnation
(Dianthus caryophyllus), sugarbeet (Beta vul-
garis), and soybean (Glycine max cultivars Es-
sex and Hartwig). Each host was replicated
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five times. About 50 to 70 seeds of white
clover, red clover, and lespedeza and five to
10 seeds of sugarbeet were planted into fine
sand in 7.5-cm-diam. clay pots 3 weeks be-
fore inoculation. Seeds of curly dock and
carnation were planted in vermiculite in
metal flats 4 weeks before transplanting.
Four to five small seedlings were trans-
planted into heated fine sand in each 7.5-
cm-diam. clay pot and allowed to grow for
an additional 3 weeks before inoculation
with nematodes. Seeds of soybean were ger-
minated in vermiculite, and seedlings were
transplanted into heated fine sand in 7.5-
cm-diam. clay pots 48 hours before inocula-
tion. Cysts or gravid females of each popu-
lation and SCI were extracted from mainte-
nance hosts following the procedure of
Riggs and Schmitt (1991). The resulting sus-
pension was centrifuged at 1,130g for 6.5
minutes to remove nematodes and debris
from the water. The pellet was then sus-
pended in a 2 M sucrose solution and cen-
trifuged at 1,130g for 2.5 minutes. The su-
pernatant containing the cysts and females
was poured onto a 180-µm-pore sieve (80
mesh), after which the nematodes were
rinsed free of sucrose and crushed with a
ground glass homogenizer to release eggs.
The egg suspension was adjusted to a final
concentration of 1,500 eggs + second-stage
juveniles ( J2)/ml, which was determined by
counting three 1-ml aliquots of the sample.

One milliliter of egg + J2 suspension was
injected into each of two holes near the
roots of a plant with a Gilson pipet (Rainin
Instrument, Inc., Woburn, MA) to ensure
that the same volume of eggs + J2 suspen-
sion (3,000) was placed around the roots of
each plant. Nematodes were allowed to de-
velop on test plants for 35 to 40 days in a
greenhouse with a temperature fluctuation
of 25 to 35 °C and 12-hour day length. Fe-
males and cysts were extracted from each
pot and counted with a stereomicroscope.
For qualitative comparison, a female index
(number of females on test host/number fe-
males on lespedeza × 100) was calculated.
Plants on which the number of females pro-
duced was 10% or more of the number on
lespedeza were considered efficient hosts,
those with less than 10% of the number on
lespedeza were considered poor hosts, and
plants with no females were nonhosts. For
quantitative analysis, the numbers of fe-
males produced on each host were com-
pared statistically among populations and
SCI with ANOVA (SAS Institute, Cary, NC).

RESULTS

Interspecific variation: Heterodera trifolii, H.
glycines, and H. lespedezae were easily sepa-
rated by their significantly different host
ranges (Table 2). All populations of H. trifo-
lii produced numerous females on lespe-

TABLE 1. The origin and maintenance hosts of parent populations, and their single-cyst isolates (SCI), of
Heterodera trifolii, H. glycines, and H. lespedezae.

Nematode population Geographical area

Maintenance host

Population SCIa

H. trifolii
A Fayetteville, AR White clover White clover
E Pine Tree, AR White clover White clover
F Randoph Co., AR Curly dock White clover
Bb Australia White clover White clover
G Australia Carnation White clover
C Kentucky Red clover ‘Kobe’ lespedeza
D Kentucky Red clover ‘Kobe’ lespedeza
H Pennsylvania White clover White clover
H. glycines race 3 Stock culture ‘Lee 74’ soybean ‘Essex’ soybean
H. lespedezae Stock culture ‘Kobe’ lespedeza ‘Kobe’ lespedeza

a Isolates were selected from and maintained on the host given.
b A sub-population of G; original host was carnation.
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deza, white clover, and red clover, with
fewer on all other hosts and few or none on
the two soybean cultivars. The two soybean
cultivars and sugarbeet were poor hosts or
nonhosts of H. trifolii. Essex soybean and les-
pedeza were the only good hosts of H. gly-
cines, and all plant species tested except
curly dock were good hosts of H. lespedezae.
However, H. lespedezae produced fewer fe-
males (10–20% of number on lespedeza) on
white clover, red clover, carnation, sugar-
beet, and Hartwig soybean. Only lespedeza
was a good host for all three species.

Interpopulation variation: Based on female
indices (FI), seven populations and one sub-
population had four different host range
patterns (Table 2). Populations A, B, C, F,
and H produced numerous females on
white clover, red clover, lespedeza, and curly
dock, but only A, C, and H reproduced well
on carnation. Populations E and G pro-
duced numerous females on white clover,
red clover, lespedeza, and carnation but not
on curly dock. Population D produced nu-
merous females only on white clover, red
clover, and lespedeza.

Higher numbers of females were pro-
duced by populations A and F of H. trifolii
on lespedeza than on any other host and by
populations B, C, D, E, G, and H on white
clover. However, significant differences in
female numbers on these two favorable
hosts were found among populations. Red
clover was a host of all populations but al-
ways had lower numbers of females than
white clover or lespedeza. Curly dock and
carnation were favorable hosts of some
populations and poor hosts of others.

Populations B and G were derived from a
population from carnation in Australia. The
original population had been split so that
part was maintained on white clover (B) and
part on carnation (G). The number of fe-
males produced on curly dock by popula-
tion G was much lower than the number
produced by population B and less than
10% of the number of females on lespedeza,
whereas the number of females produced
on carnation by population B was much
lower than that produced by population G
and also less than 10% of the number of

females on lespedeza. Both populations pro-
duced high numbers of females on lespe-
deza, white clover, and red clover, but the
numbers were significantly different.

Intrapopulation variation: Three different
host range patterns were observed among
population A and its SCI based on FI values
(Table 3). No A-SCI had the same pattern as
population A. All A-SCIs produced few fe-
males on carnation and (or) curly dock. All
A-SCIs had at least one host plant on which
it produced significantly fewer females than
did population A. Significant differences in
numbers of females on all plant species ex-
cept soybean were observed among the four
A-SCIs.

Population B had the same host range
pattern as all B-SCIs derived from this popu-
lation except one that produced very few
females on red clover. Numbers of females
produced on white clover were not signifi-
cantly different among B-SCIs nor between
B-SCIs and population B. B-SCI-2 and B-
SCI-3 produced significantly more females
on lespedeza than did population B. B-SCI-1
and B-SCI-4 produced the same number of
females as population B on curly dock, B-
SCI-4 produced the same number as popu-
lation B on carnation, and none produced
the same number as population B on sugar-
beet. Differences in number of females
among B-SCIs were found on lespedeza, red
clover, carnation, and curly dock.

Based on FI, C-SCI-3 was similar to popu-
lation C, but the other three were different
(Table 3). On carnation, all C-SCIs except
C-SCI-3 produced less than 10% of the num-
ber of females on lespedeza and had differ-
ent host range patterns from population C.
All C-SCIs produced significantly more fe-
males on lespedeza and white clover than
did population C. No differences in female
numbers were found on red clover, curly
dock, and carnation.

The FI patterns for all three D-SCIs were
different from population D (Table 3). All
D-SCI isolates had higher FI on curly dock
than did population D; other FI were similar
for all hosts. All D-SCIs produced signifi-
cantly more females on lespedeza and curly
dock than did population D. D-SCI-2 and
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D-SCI-3 produced more females on white
clover than did population D, as did D-SCI-3
on red clover and all three D-SCIs on curly
dock.

Two host range patterns were observed in
population E and its SCI (Table 3). All E-SCI
produced significantly fewer females on car-
nation than did population E. E-SCI-2, E-
SCI-3, and E-SCI-4 produced fewer females
on red clover than E-SCI-1, and E-SCI-3 had
fewer females on lespedeza and white clover
than did population E as well as E-SCI-1 and
E-SCI-4. All populations were the same on
curly dock and sugarbeet, both poor hosts of
population E.

Isolate F-SCI-4 produced fewer females on
curly dock and had a different host pattern
from F-SCI-1 and the parent population
(Table 3). All F-SCIs and population F pro-
duced few females on carnation, and differ-
ences were not significant. In addition, all
F-SCIs had lower numbers of females on sug-
arbeet than population F. The female num-
bers produced by F-SCI-2, F-SCI-3, and F-
SCI-4 on lespedeza and curly dock were sig-
nificantly lower than was produced by
population F and F-SCI-1, as was the case
with F-SCI-3 on white and red clover.

Population G and its SCIs had the same
host range pattern, but significantly fewer
females were produced by G-SCI-1 on white
clover, red clover, lespedeza, and curly dock
than by population G. Some variation in
numbers of females produced also was
found among the four G-SCIs.

Three host patterns were observed in
population H. All SCIs from population H
produced significantly fewer females on
white clover, red clover, lespedeza, curly
dock, and carnation except H-SCI-1 on red
clover and had a narrower host range than
population H. Variation in female produc-
tion among H-SCIs was observed on three
hosts but not on the other hosts.

The population of H. glycines and its SCI
produced females efficiently on lespedeza
and Essex soybean only, and all had the
same host pattern. However, significantly
fewer females were produced by Hg-SCIs on
lespedeza and by Hg-SCI-1, Hg-SCI-2, and
Hg-SCI-4 on soybean than was produced by

the parent population. Some females were
produced by population Hg and all Hg-SCIs
on carnation, and even though numbers
were low, differences among SCI were ob-
served.

The parent population had a different
host pattern from that of the H1-SCI. Few
females were produced by SCI of H. lespede-
zae on white clover, red clover, curly dock,
sugarbeet, and Hartwig soybean, but many
females were produced on lespedeza and Es-
sex soybean.

DISCUSSION

In a polyploid parthenogenetic species,
genetic variation is not expected to be as
great as in species that reproduce by amphi-
mixis. However, the variations observed in
earlier studies and in this study are consid-
erable. For example, Maas et al. (1982) re-
ported significant differences in host range
of five populations of H. trifolii from differ-
ent localities. Significant differences in cyst
production were observed on 27 cultivars or
species of Trifolium inoculated with geo-
graphically distinct populations of H. trifolii
(Singh and Norton, 1970). Results of the
present research support those earlier ob-
servations, and the intrapopulation varia-
tion in host preference suggests that varia-
tion among populations of H. trifolii is com-
mon.

The isolates of H. trifolii used in this re-
search should have exhibited maximum
variation because all SCIs were selected
from the most reproductive individuals on a
given host and considerable variation was
observed. However, some individuals that
were chosen for development of an isolate
reproduced poorly and did not increase
enough to be used in these experiments.
Therefore, individuals that might have had
different host preferences to the selection
host were excluded in these tests.

The variation in ability of populations of
H. trifolii to reproduce on a given host re-
vealed, to some extent, the specificity in
host-parasite association. This moderate de-
gree of specificity might have been the result
of many biotic and abiotic factors in the soil
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(Sidhu and Webster, 1981). For H. trifolii,
however, the most important factor might
have been the adaptation of nematode indi-
viduals or populations to the host species
that occurred in the specific geographical
location where these populations were
found. For example, the Australian popula-
tion had become adapted to carnation in its
native location and it reproduced well on
carnation in the current study. It did not
reproduce well on curly dock, perhaps be-
cause it may never have been exposed to
curly dock before these tests. However, its
subpopulation that was maintained for a
time on white clover lost the ability to repro-
duce on carnation but produced numerous
females on curly dock, even though it had
not been exposed to curly dock before the
test. The population apparently has two
genotypes for reproductive preference: one
for carnation and one for curly dock. The
loss of ability to reproduce on carnation af-
ter a period of reproduction on white clover
could indicate that the white clover selects
against reproduction on carnation. This sug-
gestion is supported by the low numbers of
females produced on carnation by most of
the SCI that had been selected and main-
tained on white clover. The lack of ability to
reproduce on carnation and the ability to
reproduce on curly dock could even be
linked to the ability to reproduce on white
clover. However, populations A, E, and H
(all from white clover in either Arkansas or
Pennsylvania) produced numerous females
on carnation, and two of them (A and H)
produced numerous females on curly dock.
In contrast, SCI from the same three popu-
lations produced few females on carnation.

The adaptation of populations to a host
indicates the genetic diversity among indi-
viduals of a population, as shown by the
variations observed among single-cyst iso-
lates from the same population. For ex-
ample, some isolates developed from single
cysts on white clover did not reproduce as
well on carnation or curly dock as their par-
ent population did. It appears that isolates
selected from white clover have reduced
ability to produce females on some hosts. In
contrast, isolates selected from lespedeza

(population D) had increased ability to pro-
duce females on most hosts. One explana-
tion for this phenomenon may be that the
ability to parasitize white clover may be con-
trolled by the same genetic factors as ability
to parasitize the other host species tested.
Because Kobe lespedeza is a “universal” sus-
ceptible host of lemon-shaped Heterodera
species, the same genetic factor may not
control the ability to parasitize it.

The production of low numbers of fe-
males showed the potential for some popu-
lations to parasitize sugarbeet. However, no
population or isolate of H. trifolii was found
that reproduced as prolifically on sugarbeet
as the population reported from The Neth-
erlands by Maas and Heijbroek (1982) or
that reported by Steele et al. (1983). How-
ever, four populations of H. trifolii produced
8–14 mature females/pot, and up to 40 cysts
were counted in some pots of sugarbeet.
The production of low numbers of females
showed the potential of some populations to
parasitize sugarbeet. In most populations,
SCI produced significantly fewer females on
sugarbeet than did their parent populations.
Some individuals capable of reproducing on
sugarbeet may not reproduce well on white
clover and would have been excluded in the
selection of single cyst isolates.

The race of H. trifolii parasitic on sugar-
beet (YBCN) was found to have 35–36 chro-
mosomes and reproduce by mitotic parthe-
nogenesis (Steele and Whitehand, 1984).
The quite different host range of YBCN
from those of populations in our experi-
ments indicates that YBCN is a unique host
race. Earlier research suggested that the sug-
arbeet race may have evolved very recently
from H. schachtii in Europe based on the
similarity of its host range to that of H.
schachtii (Maas and Heijbroek, 1982; Steele
et al., 1983). Cuany and Dalmasso (1973)
also reported two races of H. trifolii: one that
was a diploid that reproduced by amphi-
mixis and had a wide host range; and an-
other that was triploid, reproduced by par-
thenogenesis, and had a host range limited
to carnation and clover. The proposed races
reflect significant parasitic associations be-
tween population and host species. How-
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ever, comparatively less variation was ob-
served in the association between popula-
tion and host cultivar, which has been used
to characterize races of amphimictic species.
One reason may be the lack of resistant cul-
tivars for the selection of resistance-breaking
individuals. Also, parthenogenetic repro-
duction may provide more physiological ad-
aptation to hosts rather than frequent ge-
netic change, as occurs in amphimictic spe-
cies.

Geographically dispersed populations
may have distinct genetic diversity, some of
which may enable virulent individuals or
strains to break resistance in a host. For ex-
ample, three of 16 populations of H.
schachtii from several countries were found
to produce relatively high numbers of fe-
males on resistant sugarbeet lines, demon-
strating a potential for breaking resistance
(Porte et al., 1997). The differences in host
range among intraspecific populations may
complicate the crop rotation systems. A non-
host of some populations may be a good
host for other populations. For example,
carnation was reported to be a good host for
H. trifolii (Cuany and Dalmasso, 1973), but
in the present tests, three of seven popula-
tions could not produce females on carna-
tion efficiently. Also, curly dock was a good
host for five geographical populations of H.
trifolii (Maas et al., 1982), but three popula-
tions in our collection could not produce
females efficiently on curly dock. Genotype
differences in H. trifolii related to ability to
parasitize different host species may origi-
nate from long-term host-parasite evolution
in isolated geographical areas.
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