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PLANT PATHOLOGY AND NEMATOLOGY

Relative Host Status of Selected Weeds and Crops for Meloidogyne incognita
and Rotylenchulus reniformis

Richard F. Davis* and Theodore M. Webster

ABSTRACT

Plant-parasitic nematodes that damage crops
can also reproduce on weeds, thereby reducing the
efficacy of nematode-suppressive crop rotations.
The amount of reproduction by two important
cotton pathogens, Meloidogyne incognita and
Rotylenchulus reniformis, on common weeds in
the major crops in the Southeast was not known.
This study documented the total reproduction
and reproduction relative to cotton by these two
nematodes on common southeastern weeds. Final
egg counts of M. incognita on the plants tested
ranged from 0 to 193% of the number on cotton
in one trial and from 0 to 407 % in a second trial.
Final egg counts of R. reniformis ranged from 0
to 105% in one trial and from 0 to 454 % in a sec-
ond trial. For M. incognita, only prickly sida was
consistently a better host than cotton, although
ivyleaf morningglory was a better host in one
trial. Smallflower morningglory was a moderate
host, whereas yellow and purple nutsedge, pig-
weed, Florida beggarweed, sicklepod, common
cocklebur, cutleaf eveningprimrose, and Florida
pusley were poor or non-hosts relative to cotton.
For R. reniformis, only Florida beggarweed was a
consistently good host, although purple nutsedge
and sicklepod were good hosts in one trial, and
smallflower morningglory was a moderate host in
both trials. Pigweed, prickly sida, Florida pusley,
cutleaf eveningprimrose, yellow nutsedge, and
common cocklebur were poor or non-hosts for
R. reniformis. Most of the weeds tested would not
maintain high population levels of M. incognita
or R. reniformis when non-host or nematode-re-
sistant crops were grown.
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gricultural fields will inevitably have weeds.

Most farmers and agricultural scientists view
weeds as a problem, independent of other concerns,
because weeds compete for water, nutrients, light,
and space, which reduce crop growth and yield.
Although competition is the most important effect
weeds have on crop production, weeds are part of
the ecology of a field and can have other less obvious
effects, such as serving as a reservoir for insects
(Marshall et al., 2003; Penagos et al., 2003), diseases
(Gonzalez et al., 1991; Marley, 1995; Ramappa
et al., 1998), and nematodes (Bélair and Benoit,
1996; Davidson and Townshend, 1967; Tedford and
Fortnum, 1988; Venkatesh et al., 2000).

Cotton (Gossypium hirsutum L.) is often grown
in rotation with peanut (Arachis hypogaea L.) and
corn (Zea mays L.), so many of the important weed
problems are similar among the crops. In the south-
eastern USA, annual losses due to weeds (sum of
crop yield reductions and costs of control) in cotton,
corn, and peanut were estimated to be $20 million,
$42 million, and $64 million, respectively (Bridges,
1992). Some of the most troublesome weeds in cot-
ton, corn, and peanut production in Georgia include
perennial nutsedges (Cyperus spp.), morningglories
(Ipomoea spp. and Jacquemontia spp.), pigweeds
(Amaranthus spp.), sicklepod [Senna obutifolia
(L.) Irwin and Barneby], and Florida beggarweed
[Desmodium tortuosum (Sw.) DC.] (Webster, 2001;
Webster, 2004).

Many crops in the southern USA suffer sig-
nificant yield reductions from nematode parasitism
(Koenning et al., 1999). Nematodes can be a limiting
factor in cotton and peanut production (Baird et al.,
1996; Davis and May, 2003; Dickson, 1998), and
nematodes cause greater yield losses in cotton than
any other pathogen (Blasingame and Patel, 2003).
Meloidogyne incognita (Kofoid & White) Chitwood
and Rotylenchulus reniformis Linford & Oliveira
cause more damage to cotton in the USA than any
other nematodes (Blasingame and Patel, 2003), and
both have wide host ranges that include weeds (Mar-
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tin, 1958; Martin, 1961; Tedford and Fortnum, 1988;
Robinson et al., 1997). The interaction of weeds and
nematodes can affect crop production by reducing the
potential benefit of crop rotations (Bélair and Benoit,
1996; McSorley, 1996; O’Bannon et al., 1982) and
of nematode resistant crops (Wong and Tylka, 1994)
to suppress nematodes.

The abundance of a weed species and the amount
of nematode reproduction on that species determine
the magnitude of the effect the weed has on nematode
population densities. The weeds included in this study
occur commonly in Georgia and other areas in the
southeastern USA (Webster and MacDonald, 2001).
The objective of this study was to determine the rela-
tive amount of reproduction of M. incognita and R.
reniformis on selected weeds associated with major
crops in the southeastern USA compared to cotton.

MATERIALS AND METHODS

Thirteen plant species were evaluated for relative
host status for M. incognita race 3 in two greenhouse
trials, and fourteen plant species were evaluated for
relative host status for R. reniformis in two additional
greenhouse trials. Plant species evaluated with both
M. incognita and R. reniformis included cotton, pea-
nut, Florida beggarweed (D. fortuosum), prickly sida
(Sida spinosaL..), common cocklebur (Xanthium stru-
marium L.), smallflower morningglory [Jacquemontia
tamnifolia (L.) Griseb.], pigweed (Amaranthus spp.),
sicklepod (S. obutifolia), cutleaf eveningprimrose
(Oenothera laciniata Hill.), Florida pusley (Richardia
scabra L.), purple nutsedge (Cyperus rotundus L.),
yellow nutsedge (Cyperus esculentus L.), and ivyleaf
morningglory [Ipomoea hederaceae (L.) Jacq.].
Corn also was included in tests with R. reniformis.
Each trial had seven replications in a randomized
complete block design. Cotton (DP5415; Delta Pine
and Land Co.; Scott, MS) was used as a susceptible
standard for comparison. Seeds were planted into 15-
cm-diam. pots on 22 March 2002 for trial 1 and on
24 April 2002 for trial 2 with M. incognita, and on 2
July 2002 for trial 1 and on 31 March 2003 for trial 2
with R. reniformis. Seedlings were thinned to one per
pot prior to inoculation. Each pot held approximately
1.5 L of pasteurized soil (Tifton loamy sand; 83%
sand, 9% silt, 7% clay, and 1% organic matter). Soil
temperatures in the pots varied between 24 and 35°C
during the study.

Inoculum was collected from tomato roots (Ly-
copersicon esculentum Mill. cv. Rutgers) by agitating

roots in 0.5% sodium hypochlorite solution for 2 min.
(Hussey and Barker, 1973) approximately 1 h before
inoculation. Inoculum of 8,000 M. incognita race 3
eggs/pot (approximately 800 eggs/150cm? soil) was
added on 8 April for trial 1 and 13 May for trial 2.
Eight thousand R. reniformis eggs/pot were added
on 26 July for trial 1 and 3 June for trial 2. Inoculum
was distributed into two holes (approximately 2.5
cm deep) and covered with soil. Pots were watered
immediately following inoculation.

Nematode eggs were extracted from all roots
in the pot 57 and 56 d after inoculation for the two
trials with M. incognita and 59 and 55 d after inocu-
lation for the two trials with R. reniformis. Roots
were washed free of soil, cut into 5-cm pieces, and
agitated in a 1% sodium hypochlorite solution in a
1-L flask for 4 min. Eggs were collected and rinsed
with tap water on nested 150- over 25-pm-pore
sieves. Egg counts were subjected to a square-root
transformation to equalize the error variances prior
to analysis of variance (SAS Institute Inc.; Cary,
NC) and means separated by Fisher’s protected
least significant difference test (LSD; P = 0.05). In
a separate analysis, egg counts were standardized as
a percentage of the number recovered from cotton.
These data were not transformed prior to statistical
analysis and means separation (LSD). For discussion
in this manuscript, good hosts support nematode
reproduction >70% of the reproduction on cotton,
moderate hosts support reproduction between 36
and 69%, poor hosts support <35%, and non-hosts
do not support reproduction.

RESULTS AND DISCUSSION

The host status of a plant to nematodes may be
estimated from the total number of nematodes pro-
duced in a pot or from the number of nematodes pro-
duced per gram of root, and the two measurements
can result in very different conclusions (Gast et al.,
1984; Jordaan et al., 1988). Because the concern with
nematode reproduction on weeds is that nematode
population density will increase or be maintained in
a field, total reproduction rather than nematodes per
gram of root is the more appropriate measure for this
type of study. Total reproduction was underestimated
in this study because only eggs were extracted and
counted, and vermiform stages were not enumerated,
but the relative estimates of reproduction should be
accurate if the ratio of eggs to vermiform stages was
similar among the plants tested. Root growth in pots
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may be different than root growth in the field due to
the restricted space in a pot, and those differences
may affect nematode reproduction. Such differences
in root growth would affect nematodes per pot and
nematodes per gram of root, so they are not important
in deciding which measure to use.

Nematode reproduction was lower than antici-
pated in all four trials, but final nematode egg counts
standardized as a percentage of those produced on a
known susceptible host provide an accurate estimate
of the relative host status of each plant species. Cot-
ton was used as the susceptible standard in these
trials. Peanut was included as a known non-host for
the two nematodes. The weeds tested were different
in their relative host status to both M. incognita and
R. reniformis. Final M. incognita egg counts on the
plants tested ranged from 0 to 193% of the number
on cotton in one trial and from 0 to 407% in the other
trial (Table 1), and final R. reniformis egg counts
ranged from O to 105% in one trial and from O to
454% in the other trial (Table 2). Trials could not be
combined for analysis due to a statistical interaction
(P = 0.05) between trial and egg counts.

For M. incognita, only prickly sida was con-
sistently a better host than cotton, although ivyleaf
morningglory was a better host in one trial (Table
1). Smallflower morningglory was a moderate host
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of M. incognita relative to cotton (53 and 69% of
cotton in the two trials), whereas yellow and purple
nutsedge, pigweed, Florida beggarweed, sicklepod,
common cocklebur, cutleaf eveningprimrose, and
Florida pusley were poor or non-hosts (0 to 35% of
cotton). For R. reniformis, only Florida beggarweed
was consistently a good host, purple nutsedge and
sicklepod were good hosts in one trial, and small-
flower morningglory was a moderate host in both
trials (Table 2). Pigweed, prickly sida, Florida pusley,
cutleaf eveningprimrose, and yellow nutsedge were
consistently poor or non-hosts for R. reniformis.
Common cocklebur was tested in only one trial, but
was a poor host. Weeds that were good hosts for
one nematode (i.e. prickly sida for M. incognita and
Florida beggarweed for R. reniformis) were not good
hosts for the other nematode. Common cocklebur,
cutleaf eveningprimrose, and Florida pusley were
poor hosts for both nematodes.

Although M. incognita and R. reniformis are
reported to have wide host ranges (Martin, 1958;
Martin, 1961; Robinson et al., 1997), the relative host
status of plants listed as hosts often is not known,
and the race of M. incognita often is not reported. A
plant may be classified accurately as a host because
nematode reproduction occurs, but the level of repro-
duction may be much less than that on a susceptible

Table 1. Reproduction of Meloidogyne incognita on selected crops and weeds

Trial #1 Trial #2
Plant name
Eggs* Cotton (%) Eggs*” Cotton (%)

Prickly sida 138,471 a 1934 a 177,129 a 407.2 a
Cotton 71,614 b 100.0 b 43,500 ¢ 100.0 ¢
Smallflower morningglory 37,029 ¢ 52.7 ¢ 30,214 cd 69.5 cd
Ivyleaf morningglory 31,929 ¢ 44.6 ¢ 91,843 b 2111 b
Yellow nutsedge 11,914 d 16.7 cd 8,100 ef 18.6 d
Pigweed 11,443 d 16.0 cd 2,143 ef 49 d
Purple nutsedge 4,714 de 6.6 d 15,000 de 345 d
Florida beggarweed 3,514 def 49 d 1,329 ef 3.0 d
Sicklepod 3,514 def 49 d 343 f 08 d
Common cocklebur 600 efg 0.8 d 1,050 f 24 d
Cutleaf eveningprimrose 129 fg 02 d 986 f 23 d
Florida pusley 0g 0.0 d 343 £ 0.8 d
Peanut 0g 0.0 d 0f 0.0 d

 Pots were inoculated with 8,000 eggs approximately 8 wk prior to data collection. Data presented are means of total
numbers of eggs in seven replications, but the statistical analysis was performed on square-root transformed data.
Means within a column followed by the same letter are not significantly different according to Fisher’s Protected LSD (P

=0.05).
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crop plant. Most of the weeds tested in our study are
hosts for both M. incognita and R. reniformis, but
most of the weeds should be considered poor hosts
for both nematodes relative to cotton. Similarly,
most weeds from tobacco fields are moderate to poor
hosts for M. incognita race 3 (Tedford and Fortnum,
1988). Many weeds from vegetable fields are poor
hosts for R. reniformis, although those same weeds
may be better hosts for Meloidogyne spp. (Quene-
herve et al., 1995). Weeds generally do not serve as
reservoirs for phytoparasitic nematodes in sugarcane
(Saccharum interspecific hybrids) (Showler et al.,
1990). In contrast, nematodes in rice (Oryza sativa
L.) fields reproduce on weeds that grow in fallow
fields between rice crops, which perpetuates nema-
tode problems (Babatola, 1980; Rao et al., 1970),
and purple nutsedge perpetuates problems with M.
incognita in chile pepper (Capsicum annuum L.)
(Schroeder et al., 1993). Weeds growing between
spring and fall vegetable crops in Florida are likely
to increase population densities of R. reniformis (Mc-
Sorley and Parrado, 1983). For many of the weeds
tested, nematode populations would decline if that
weed were the only host present.

Most of the weeds tested were reasonably con-
sistent in their relative host status to M. incognita
and R. reniformis, but, as previously noted, a few
weeds were inconsistent in their relative host sta-
tus. Although some variability among trials was
expected, very large changes in relative host status,
such as that seen for R. reniformis on purple nutsedge
(13% of cotton in one trial and 454% of cotton in
the other), are difficult to explain. Some variability
in relative hosts status may be explained by genetic
variability in the weed population (Griffin, 1982);
however, purple nutsedge has been shown to have
limited intraspecific variation (Okoli et al., 1997).
When coupled with random variation among trials,
genetic variability in the host plant may be sufficient
to explain the difference between trials observed
for R. reniformis on sicklepod or M. incognita on
ivyleaf morningglory, but it does not seem adequate
to explain the far larger difference observed with R.
reniformis on purple nutsedge.

Florida beggarweed is one of the predominant
weeds in peanut production in the southeastern
USA (Webster, 2001; Webster and MacDonald,
2001), and it is a very good host for R. reniformis.

Table 2. Reproduction of Rotylenchulus reniformis on selected crops and weeds

Trial #1 Trial #2

Plant name

Eggs! Cotton (%) Eggs? Cotton (%)
Florida beggarweed 7,671 a 104.7 a 18,514 b 73.2 be
Cotton 7,329 a 100.0 a 25,286 b 100.0 b
Smallflower morningglory 2,871 b 392 b 8,229 ¢ 32.6 bc
Ivyleaf morningglory 2,714 bc 37.0 b 971 de 38 ¢
Purple nutsedge 943 de 129 b 114,686 a 4535 a
Sicklepod 900 d 123 b 20,486 b 81.0 bc
Pigweed 900 cd 123 b 943 de 37 ¢
Prickly sida 857 bced 11.7 b 2,486 cd 98 ¢
Corn 771 d 105 b 343 de 14 ¢
Florida pusley 257 de 35 b 257 de 1.0 ¢
Cutleaf eveningprimrose 250 de 34 b 343 de 14 ¢
Yellow nutsedge 0e 0.0 b 2,743 cd 109 ¢
Peanut 0e 0.0 b 0e 0.0 c
Common cocklebur — —Y 514 de 20 c

“ Pots were inoculated with 8,000 eggs approximately 8 wk prior to data collection. Data presented are means of total
numbers of eggs in seven replications, but the statistical analysis was performed on square-root transformed data.
Means within a column followed by the same letter are not significantly different according to Fisher’s Protected LSD (P

=0.05).
Y Not tested.
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In fields where R. reniformis is present, suppres-
sion of the nematode by rotating peanut with cotton
would be greatly reduced by a heavy infestation of
Florida beggarweed. Other weed species that could
possibly confound nematode-suppressive rotations
for cotton include sicklepod, ivyleaf morningglory,
smallflower morningglory, purple nutsedge, and
prickly sida. All of these weeds rank among the six
most common weeds encountered in corn and/or
peanut in the Southeast (Webster, 2001; Webster,
2004). Most of the weeds tested were poor or non-
hosts for M. incognita and R. reniformis and would
not perpetuate nematode problems when non-host or
nematode-resistant crops were grown. This does not
contradict the idea that weeds in a rotation crop may
reduce beneficial effects (Bélair and Benoit, 1996;
McSorley, 1996; Vanstone and Russ, 2001), but it
does demonstrate that many of the common weeds
encountered in the major crops rotated with cotton
in the southeastern USA are unlikely to do so.

The finding that most weeds are relatively poor
hosts for M. incognita and R. reniformis suggests
the possibility that nematodes could affect the plant
competition between cotton and weeds. Nematode
parasitism reduces cotton growth (Starr, 1998), but
the growth of weeds that are poor hosts is likely to be
unaffected unless the weed is very intolerant of the
nematode. In a field where cotton is being damaged
by nematodes, but the weeds are unencumbered, the
weeds may provide more competition to the cotton
than would be the case in the absence of the nema-
todes. Therefore, minimizing nematode damage to
cotton through the use of nematicides, host plant re-
sistance, or other means may ultimately preserve the
ability of cotton to be as competitive as possible with
weeds. Nematode parasitism of a crop has been shown
to increase the effects of competition from weeds
when soybean [Glycines max (L.) Merrill] growth
was reduced by soybean cyst nematode (Heterodera
glycines Ichinohe) damage (Alston et al., 1991). Simi-
larly, tomatoes infected with Meloidogyne incognita
were shown to be less competitive with black night-
shade (Solanum nigrum L.) than non-infected tomato
(Gonzalez Ponce et al., 1995).

CONCLUSIONS

Most weeds support some reproduction of M. in-
cognita and R. reniformis and are hosts for these nema-
todes, but most of the weeds tested in this study were
poor or very poor hosts. Florida beggarweed has the
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possibility of maintaining high population densities of
R. reniformis when a non-host crop, such as peanut, is
grown in rotation with cotton. Similarly, prickly sida
has the potential to reduce the effectiveness of grow-
ing a genotype of cotton with M. incognita resistance.
It appears that many weeds have little potential to
maintain high enough nematode population levels to
perpetuate nematode problems. Because cotton suf-
fers significant damage from these nematodes, and
weeds that are very poor hosts probably do not suffer
significant damage, nematode parasitism of cotton
may increase the level of competition from weeds.
If so, then minimizing nematode-induced damage to
cotton through effective nematode management also
would minimize yield suppression from weeds by
preserving the ability of the crop to be competitive
with weeds.
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