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Abstract. To determine the potential to suppress root-knot nematode Meloidogyne
javanica, 10 genotypes of seven green manure species were evaluated in a greenhouse
study. These species were: black hollyhock (Alcea rosea L.); canola (Brassica napus L.);
cabbage (B. oleracea L.); French marigold (Tagetes patula L.), sorghum–sudangrass
[Sorghum bicolor (L.) Moench nothosubsp. drummondii (Steud.) de Wet ex Davidse];
sunn hemp (Crotalaria juncea L.); and yellow mustard (Sinapis alba L.). Plants were
inoculated with eggs of M. javanica and after 6 weeks, nematode eggs and reproduction
factor (Rf = final egg population density/initial egg population density) were determined.
Marigolds were non-hosts to M. javanica; other crop species that were poor hosts to M.
javanica included canola cv. Dwarf Essex, sorghum–sudangrass cvs. Piper and Sordan
79, black hollyhock cv. Nigra, and sunn hemp. Based on low Rf, four groups of species
were selected for further evaluation in the greenhouse to determine the response to both
M. javanica and another crop pathogen, Pythium aphanidermatum. These four groups of
green manure crops were: 1) seven marigold genotypes; 2) four Brassicaceae genotypes;
3) seven sorghum–sudangrass hybrids; and 4) four other species [black hollyhock, sunn
hemp, elecampane (Inula helenium L.), and black-eyed Susan (Rudbeckia hirta L.)].
Plants were inoculated with a factorial combination of M. javanica and P. aphaniderma-
tum (none, each alone, and in combination) and repeated four times in a split-plot
experimental design (whole plots were factorial treatments and subplots were green
manure crop genotypes). Six weeks after inoculation, plants were harvested and
measured for fresh and dry weights of shoots and roots and Rf of M. javanica. Adverse
effects of P. aphanidermatum were characterized by dead or dying roots and measured by
reduced plant biomass. Negative synergistic effects were observed in several marigold
and Brassicaceae genotypes, in which the combined effects of M. javanica and
P. aphanidermatum reduced shoot and root growth more severely than either treatment
alone. Marigold T. erecta cv. Orangeade, sorghum–sudangrass cvs. Graze-All, Piper, and
Sordan 79, and sunn hemp appeared to be resistant to M. javanica and P. aphaniderma-
tum, either alone or in combination. Based on results of greenhouse trials, eight green
manure crops (yellow mustard cv. Ida Gold, French marigolds cvs. Nema-gone and
Golden Guardian, sorghum–sudangrass cvs. Sordan 79 and Tastemaker, sunn hemp,
unplanted plot, and a control plot with weed mat) were selected and grown for 3 months
in a field trial in Pepeekeo, HI. Each treatment was replicated four times in a randomized
complete block design. Shoot biomass was sampled at 1, 2, and 3 months after planting.
Plant–parasitic nematodes were counted before planting and at 4 months after planting.
Dry weight biomass averaged across three sampling dates was greatest for the two
sorghum–sudangrass hybrids followed by those of two marigold cultivars that did not
differ from them. No significant differences in populations of root-knot nematodes were
found. Based on this field trial as well as greenhouse trials, marigold cultivars, sorghum–
sudangrass hybrids, and sunn hemp appeared to be non-hosts or poor hosts to reniform
(Rotylenchulus reniformis) as well as root-knot nematodes and well adapted to the
environmental conditions found along the Hamakua Coast of the Hawaii Island.

A common, sustainable disease manage-
ment tactic is the use of green manure
cropping systems. The primary benefits of
green manure crops are to: 1) protect the soil

from erosion; 2) increase soil nutrients; 3)
improve soil properties (e.g., water-holding
capacity); and 4) provide an energy source
for microbes, contributing to soil activity and

biodiversity (Brady and Wiel, 1999; McSorley,
2011; Thoden et al., 2011). Secondary benefits
of green manure crops include the control of
soilborne pathogens through several possible
mechanisms: 1) non-host or poor host status
for plant–parasitic nematodes; 2) production
of phytochemicals that are toxic and/or an-
tagonistic toward pathogens; and 3) stimulation
of antagonists of plant–parasitic nematodes
(Chitwood, 2002; Hooks et al., 2010; Wang
et al., 2002).

To control pathogens that could affect the
subsequent crop in a rotation, green manure
genotypes should be non-hosts or poor hosts
to these pathogens. In addition, an effective
green manure crop could produce phyto-
chemicals that control these pathogens as
well as large amounts of biomass containing
these phytochemicals. Marigolds (Tagetes
sp.) produce polythienyls that suppress nem-
atode populations (Chitwood, 2002; Hooks
et al., 2010; Reynolds et al., 2000). Sorghum–
sudangrass hybrids contain the cyanogenic
glycoside dhurrin that, when hydrolyzed, yields
cyanide, a nematicidal compound (Widmer and
Abawi, 2002). Brassicaceae species contain
glucosinolates that react with myrosinase when
tissues are disrupted, forming isothiocyanates
that are nematicidal (Chitwood, 2002; McLeod
and Steel, 1999; Oka, 2010). Aqueous extracts
of Crotalaria species were reported to pro-
tect tomato (Solanum lycopersicum L.) roots
from Meloidogyne incognita, and the au-
thors (Jourand et al., 2004) speculated that
this effect could be the result of nematicidal
alkaloids.

Recent literature reviews, however, have
shown that effects of green manure crops on
plant–parasitic nematodes can range from
positive to negative (Hooks et al., 2010;
McSorley, 2011; Oka, 2010; Thoden et al.,
2011). Factors involved in this variability
include: 1) species and cultivars of green
manure crops; 2) species and races of target
plant–parasitic nematodes; and 3) soil and
environmental conditions. To determine ef-
fective green manure species and cultivars, it
is necessary to conduct research on the
particular pathogens to be controlled in both
greenhouse and field.

The tropical root crop taro (Colocasia
esculenta) when grown under upland condi-
tions (i.e., non-flooded) can be infected by the
root-knot nematode (Meloidogyne javanica),
resulting in substantial reductions in yields
(Sipes et al., 1995). Little naturally occurring
resistance to M. javanica has been found
within the taro germplasm (Ortiz et al.,
2008). To reduce populations of M. javanica
before the planting of taro, crop rotations
with green manure crops that are non-hosts or
poor hosts provide alternative means of
controlling this pest (Sipes et al., 1995).

Soil is rarely infested with a single path-
ogen but more often with multiple pathogens
that may infect a crop. In addition to M.
javanica, upland-grown taro can be infected
by several Pythium species (P. aphaniderma-
tum, P. graminicola, P. splendens, P. irre-
gulare, P. myriotylum, P. carolinianum, and
P. ultimum) (Ooka, 1994). Bridge and Jatala
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(2005) have speculated that nematode in-
fection of taro tissues may allow a secondary
invasion by pathogens, causing a corm rot.
The combined effects of root-knot nematodes
and Pythium are hypothesized to be nega-
tively synergistic in taro, contributing to
a reduction in growth and corm quality (Sipes
et al., 1995). In chrysanthemum (Chrysan-
themum ·morifolium Ramat.), Johnson and
Littrell (1970) found that combined effects
of P. aphanidermatum and M. incognita re-
duced plant height and root weight to a greater
extent than either pathogen alone. Similarly,
Gracia et al. (1991) showed an additive
interaction between Pythium tracheiphilum
and Meloidogyne hapla in lettuce (Lactuca
sativa L.). Consequently, effective green
manure crops for upland-grown taro systems
must control both pests.

The objectives of two greenhouse trials
and one field trial reported here were to select
promising, green manure crops for future
field trials in rotation with taro based on: 1)
non-host or poor host status of M. javanica;
2) disease resistance to the oomycete patho-
gen P. aphanidermatum alone and in the
combination with M. javanica; and 3) adap-
tation to soil and environmental conditions of
the Hamakua Coast of the Hawaii Island.

Materials and Methods

Nematode host status in the greenhouse
trial. In the first greenhouse trial, 10 green
manure crop genotypes [black hollyhock (cv.
Nigra); canola (cvs. Dwarf Essex and Sunrise
Canola); cabbage (cv. Capitata); French
marigold (cvs. French Brocade and Pesche’s
Gold), sorghum–sudangrass (cvs. Piper and
Sordan 79); sunn hemp; and yellow mustard
(cv. Ida Gold)] were evaluated for host status
to M. javanica (Table 1). The trial was
conducted in the greenhouse during Jan. to
Mar. 2004 at the University of Hawaii at Manoa
(lat. 21.306488� N, long. –157.809892� W).
The seeds were grown in vermiculite at 24 ±
2 �C and transplanted individually at the first
true leaf stage into 7.5-cm-diameter clay pots
containing sterilized 1:1 (v:v) soil:sand mix.
Pots were arranged in a randomized complete
block design with 10 treatments and five blocks.

They were fertilized weekly with 100 mL of
a 0.4% dilution of a commercial liquid fertilizer
(Miracle-Gro 24–8–16 formulation; Scots,
Marysville, OH). Two weeks after transplant-
ing, each pot was inoculated with 500 eggs of
M. javanica, previously cultured on tomato cv.
Orange Pixie, and extracted using the NaOCl
method (Hussey and Barker, 1973).

At 6 weeks post-inoculation, plants were
removed from pots, separated into shoots and
roots, and the potting medium washed from
roots. Nematode eggs were extracted from
roots using the NaOCl-extraction method
(Hussey and Barker, 1973). Nematode Rf
was calculated as the final nematode popula-
tion divided by the initial inoculum level. A
green manure genotype was considered
a good host for nematodes when Rf was
greater than 1, a poor host when Rf was less
than 1 but greater than 0.1, and a non-host
when Rf was less than or equal to 0.1
(Mojtahedi et al., 1993; Seinhorst, 1967).

Analysis of variance using PROC GLM
(Statistical Analysis System�, Version 9.2;
SAS Institute Inc., Cary, NC) was conducted
on Rf. The Waller–Duncan multiple range
test was used to separate treatment means.

Effects of Meloidogyne javanica and
Pythium aphanidermatum in greenhouse
trials. In the second series of greenhouse
trials, factorial experiments were conducted
to determine effects of M. javanica and
P. aphanidermatum, alone and in combina-
tion, on four different groups of green manure
crops (marigolds, Brassicaceae species,
sorghum–sudangrass hybrids, and other spe-
cies). The marigold group included four
cultivars of T. patula (cvs. French Brocade,
Golden Guardian, Nema-gone, and Pesche’s
Gold) and three cultivars of T. erecta (cvs.
Orangeade, Orange Deep, and Scarletade).
The Brassicaceae group included S. alba cv.
Ida Gold, B. juncea cv. Pacific Gold, and
B. napus cvs. Dwarf Essex and Sunrise
Canola. The sorghum–sudangrass group in-
cluded S. bicolor nothosubsp. drummondii
cvs. Bale All, Bale All III, Baler, Graze-All,
Piper, Sordan 79, and Tastemaker. The other
species group included black hollyhock, ele-
campane, black-eyed Susan, and sunn hemp.

Seeds were germinated in vermiculite and
transplanted individually into 10-cm-diameter
clay pots containing 1:1 (v:v) sterile soil:sand
mixture. Transplants were grown for 4 weeks
before inoculation. Plants were fertilized
weekly as described in the first trial. This
second trial was conducted in the greenhouse
during May to Aug. 2004 with a greenhouse
temperature of 28 ± 2 �C.

A split-plot design was installed with
main plots of M. javanica and P. aphanider-
matum treatments and subplots of genotypes.
This design was used to minimize contami-
nation by different pests. Each treatment was
replicated five times. If contamination of
M. javanica or P. aphanidermatum occurred
in a control plant, then that pot was removed
from the statistical analysis.

Eggs of M. javanica were applied in 3-mL
aliquots containing a total of zero or 500
eggs. Pythium aphanidermatum inoculum
was grown on 25 mL of a 10% V8 agar
(Uchida and Aragaki, 1980) for 72 h in 100 ·
15-mm petri plates. After 72 h, cultures were
divided in half and transferred to new plates.
A 20-mL aliquot of sterilized, distilled water
was added to each plate. Agar was cut into
1-cm3 pieces and incubated for 24 h at 24 �C
to induce sporangia. Zoospores from the
germinated sporangia were collected and
adjusted to 1 · 104/mL. Pythium aphanider-
matum was inoculated onto plants at the rate
of 10 mL (1 · 105 zoospores per pot). The
zero P. aphanidermatum level was achieved
with 10 mL of water collected from one plate
of non-inoculated agar. After inoculation, all
pots were covered with 1 cm of vermiculite to
protect the spores from desiccation.

Six weeks after inoculation, plants were
removed, separated into shoots and roots,
weighed followed by drying to a constant
weight at 55 �C, and reweighing. Nematodes
were extracted using the NaOCl method
(Hussey and Barker, 1973) and counted.
Nematode Rf was calculated as described
previously. Pythium aphanidermatum was
re-isolated from plants treated with P. apha-
nidermatum alone using the NaOCl-extraction
method (Hussey and Barker, 1973), condens-
ing the liquid and plating the concentrated

Table 1. Ten species and cultivars evaluated under greenhouse conditions for reproductive factor (Rf) of
Meloidogyne javanica.

Cultivar name Rfz,y
SE

Alcea rosea cv. Nigra 0.35 (0.22) b
Brassica napus cv. Dwarf Essex 0.95 (0.14) b
Brassica napus cv. Sunrise Canola 4.15 (2.61) a
Brassica oleracea cv. Capitata 2.69 (0.85) ab
Crotalaria juncea 0.21 (0.02) b
Sinapis alba cv. Ida Gold 1.45 (0.85) ab
Sorghum nothosubsp. drummondii cv. Piper 0.10 (0.08) b
Sorghum nothosubsp. drummondii cv. Sordan 79 0.62 (0.61) b
Tagetes patula cv. French Brocade 0.00 (0.00) b
Tagetes patula cv. Pesche’s Gold 0.02 (0.01) b
ANOVA: P > F

Cultivar 0.03
Block 0.06

zMeans that are followed by the same letter in one column are not significantly different among genotypes
(P < 0.05), according to the Waller–Duncan multiple range test.
yMeans are followed by SE in parentheses.
ANOVA = analysis of variance.
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liquid on 10% V8 agar (Uchida and Aragaki,
1980). Fresh and dry weights of shoots and
roots were recorded.

Analysis of variance of nested data was
conducted using PROC MIXED (Statistical
Analysis System�, Version 9.2). Where
appropriate, least-square means of genotypes
were compared using the Tukey-Kramer
adjustment for multiple comparisons (PROC
GLM, Statistical Analysis System�, Version
9.2).

Field trial of promising green manure
genotypes. Based on greenhouse studies,
eight green manure crops were selected and
planted on 9 July 2004 at Pepeekeo, HI (lat.
19.835� N, long. 155.102� W). The treat-
ments included six green manure genotypes
(yellow mustard cv. Ida Gold), French mari-
golds cvs. Nema-gone and Golden Guardian,
sorghum–sudangrass cvs. Sordan 79 and
Tastemaker, and sunn hemp). Two additional
treatments consisted of a weedy, unplanted
plot and a control plot covered with weed
mat. Plots were 3.0 · 3.7 m and each
treatment was replicated four times in a ran-
domized complete block design.

Yellow mustard seed was broadcast at
45 kg·ha–1 using a mechanical seeder and
then raked manually to cover seeds with soil.
Marigold seeds were sowed into 96-cell trays
in the greenhouse 6 weeks before transplant-
ing into the field. Each tray contained
peat-perlite medium (ProMix; Premier Tech
Horticulture, Quakertown, PA) at 3 L per tray
and fertilized with slow-release fertilizer
(Osmocote 13.5–13.5–13.5; The Scotts Com-
pany, Marysville, OH) at 89 mL per tray. To
control weeds, oxyfluorfen (Goal 2XL; Dow
AgroSciences, Indianapolis, IN) was sprayed
at 2.3 L·ha–1 onto the marigold plots 1 week
before transplanting. Marigold cultivars were
transplanted at 0.3 · 0.3-m spacing. Sorghum–
sudangrass hybrids were broadcast at 67 kg·ha–1

and raked to cover seeds with soil. As a result
of problems with pigeons (Columba livia
ssp. domestica) consuming planted seeds,
sorghum–sudangrass hybrids were re-sowed
on 12 July 2004 and then re-sowed on
16 July 2004 after installation of bird
netting. Sunn hemp seed was inoculated
with peanut rhizobial inoculum (Becker
Underwood, Ames, IA); then seeds were
planted into furrows 0.3 m apart at a rate of
90 kg·ha–1.

The soil series is Hilo (medial over
hydrous, ferrihydritic, isohyperthermic acru-
doxic Hydrudands). Before planting, dolo-
mitic lime and crushed coral were broadcast
at 2242 kg·ha–1 of CaCO3 equivalents and then
plowed and tilled. Fertilizer (16N–16P–16K
analysis) was broadcast in all plots at planting
and then at 1 month after planting to result in
a rate of 45 kg nitrogen/ha. Rainfall was
measured on a daily basis using a data logger
(Watchdog data logging rain gauge; Spectrum
Technologies, Aurora, IL) and summed per
month during the growing period.

Plots of green manure treatments were
sampled for biomass in a 100-cm2 area at 1, 2,
and 3 months after planting. Biomass was not
sampled at 4 months after planting, because
tops were cut back after 3 months to prevent
seeding. Fresh weights were determined fol-
lowed by drying to constant weight at 55 �C
(�1 week) and then re-weighing. Observa-
tions of disease on green manure crops were
made along with culturing of pathogens
through the University of Hawaii’s Agricul-
tural Diagnostic Service Center.

Before planting, two soil samples (0- to
15-cm depth) were taken from five locations
each in the experimental field and popula-
tions of plant–parasitic nematodes deter-
mined per 50 cm3 soil (Byrd et al., 1976;
Jenkins, 1964). In addition, the two soil
samples were composited and analyzed at
the University of Hawaii’s Agricultural Di-
agnostic Service Center for pH, organic
carbon (C; Heans, 1984), total nitrogen
(N; Yeomans and Bremner, 1991), extract-
able phosphorus (P) by a modified Truog
method (Ayers and Hagihara, 1952), and
exchangeable potassium (K), calcium (Ca),
and magnesium (Mg) by the ammonium
acetate (pH 7) method (Thomas, 1982). On
9 Nov. 2004, soil was sampled at five
locations per treatment plot in a zig-zag
pattern, composited, and analyzed for final
populations of plant–parasitic nematodes.

Analysis of variance was conducted on
dry weights of green manure crops using
PROC MIXED (SAS Institute�, Version
9.2), because there were repeated measures
over time (1, 2, and 3 months). In addition,
normalized counts of nematode species were
calculated by adding one followed by con-
version into natural logarithms; analysis of
variance was conducted on this parameter

using PROC GLM (SAS Institute�, Version
9.2). The Waller–Duncan multiple range test
was used to separate treatment means. A
probability level of 0.05 or less was consid-
ered to be statistically significant.

Results

Nematode host status in the greenhouse
trial

Significant differences in the Rf of
M. javanica were found among the 10 green
manure genotypes tested (Table 1). Brassica
napus cv. Sunrise Canola had the highest Rf
value, indicating that it served as an excellent
host to M. javanica. Tagetes patula cvs.
French Brocade and Pesche’s Gold had nil
or almost nil Rf values, indicating that they
were non-hosts to M. javanica. Other green
manure genotypes with Rf values lower than
one (indicating that they were poor hosts to
M. javanica) included Alcea rosea cv. Nigra,
B. napus cv. Dwarf Essex, Crotalaria juncea,
and Sorghum nothosubsp. drummondii cvs.
Piper and Sordan 79.

Effects of Meloidogyne javanica and
Pythium aphanidermatum in the
greenhouse trial: All crops

Probabilities of whole plot main effects,
subplot main effects, and their interactions
on fresh weights of shoots and roots and Rf
are shown in Table 2. Not surprisingly, whole
plot main effects of inoculation with M.
javanica on Rf were significantly positive
for all green manure crops.

Effects of Meloidogyne javanica and
Pythium aphanidermatum in the
greenhouse trial: Marigolds

Shoots. As a result of significant interac-
tions between marigold genotypes and
M. javanica treatment as well as among
genotype, M. javanica, and P. aphaniderma-
tum treatments (Table 2), fresh weight of
shoots of each marigold genotype as affected
by treatments is shown in Figure 1 (top). In
other words, effects of M. javanica and
P. aphanidermatum treatments on fresh
weight of shoots depended on the marigold
genotype.

There appeared to be several patterns of
interaction. First, fresh weight of shoots
tended to increase compared with the control

Table 2. Probabilities of whole plot factorial treatments (Meloidogyne javanica, Mj, and Pythium aphanidermatum, Pa) and their interaction, subplot treatments
(green manure genotypes, G), and their interactions (G · Mj, G · Pa, and G · Mj · Pa) for fresh weights of shoots or roots and Rf of M. javanica in four groups
of green manure crops (marigolds, Brassicaceae, sorghum–sudangrass, and other species).

Marigolds: P > F Brassicaceae: P > F Sorghum–sudangrass: P > F Other sp.: P > F

FW shoots FW roots Rf FW shoots FW roots Rf FW shoots FW roots Rf FW shoots FW roots Rf

Whole plot treatment
Mj 0.6300 0.0008 0.014 <0.0001 0.0020 0.0496 0.3100 0.7600 <0.0001 0.1700 0.5200 0.039
Pa 0.0450 0.0900 0.330 0.0001 <0.0001 0.5400 0.1000 0.0700 0.2300 0.5500 0.4100 0.096
Mj · Pa <0.0001 0.1000 0.330 0.0580 0.9900 0.5700 <0.0001 0.0005 0.2300 0.0270 0.3900 0.091

Subplot treatment
G 0.1200 <0.0001 0.014 <0.0001 <0.0001 0.6000 <0.0001 0.0013 <0.0001 <0.0001 <0.0001 0.024
G · Mj 0.0490 0.6100 0.014 <0.0001 <0.0001 0.6000 0.8500 0.2400 <0.0001 0.3400 0.0040 0.026
G · Pa 0.6600 0.3900 0.001 0.1800 0.0001 0.3100 0.2200 0.4500 0.0820 0.4400 0.5900 0.087
G · Mj · Pa 0.0005 0.0002 0.001 0.0022 0.0100 0.3300 0.1400 0.1800 0.0820 0.1100 0.1400 0.081

FW = fresh weight; Rf = reproductive factor.
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when inoculated with M. javanica or
P. aphanidermatum alone, but when both
treatments were combined, a severe decrease
occurred. This pattern, indicating negative
synergistic effect, was found in T. patula cvs.
Nema-gone and Pesche’s Gold and T. erecta
cv. Scarletade (Fig. 1, top).

Second, fresh weight of shoots tended to
increase compared with the control as a result
of M. javanica or P. aphanidermatum treat-
ment alone with similar shoot fresh weights
relative to controls when inoculated with
both treatments. This second pattern indi-
cated tolerance to M. javanica and P. apha-
nidermatum, alone or in combination, and
was exhibited by T. patula cv. Golden
Guardian and T. erecta cv. Orangeade.

Similar results were found for dry weight
of shoots (data not shown). We decided to
report on results for fresh weight of shoots,
because these data integrate information on
both dry matter and percent moisture.

Roots. As a result of significant interaction
among marigold genotypes and M. javanica

and P. aphanidermatum treatments (Table 2),
fresh weight of roots was plotted for each
marigold genotype as affected by treatments
(Fig. 1, bottom). Fresh weight of roots
exhibited two patterns that were similar to
those for fresh weight of shoots. First, cvs.
Nema-gone, Pesche’s Gold, and Scarletade
showed little effect of M. javanica or
P. aphanidermatum treatments alone on fresh
weight of roots compared with controls but
a severe reduction when both treatments were
applied together. Second, cvs. Golden Guard-
ian and Orangeade had similar or increased
fresh weight of roots compared with controls
in the presence of M. javanica or P. aphani-
dermatum treatments alone and a similar
weight relative to controls for the combined
treatment. This pattern indicated tolerance to
M. javanica or P. aphanidermatum treat-
ments alone or in combination.

In contrast to fresh weight of shoots,
another pattern was found for fresh weight
of roots in which all three treatments reduced
root growth about equally. Cultivars French

Brocade and Orange Deep exhibited this
pattern.

Similar results were found for dry weight
of roots (data not shown). The data on fresh
weight of roots were reported here, because
they are indicative of root volume as well as
dry matter.

Nematode host status. Significant differ-
ences in Rf were found among genotypes as
well as significant interactions between geno-
types and M. javanica treatments, between
genotypes and P. aphanidermatum treatments,
and among genotypes and M. javanica and
P. aphanidermatum treatments (Table 2).
However, mean Rf among marigold geno-
types inoculated with M. javanica ranged from
0 to 0.03, indicating that all marigold geno-
types tested were non-hosts to M. javanica.

Effects of Meloidogyne javanica and
Pythium aphanidermatum in the
greenhouse trial: Brassicaceae species

Shoots. As a result of significant interac-
tions between genotypes and M. javanica
treatments, and among genotypes and
M. javanica and P. aphanidermatum treat-
ments (Table 2), fresh weight of shoots was
plotted for individual Brassicaceae species
for all treatments (Fig. 2, top). In other words,
the response of fresh weight of shoots to
M. javanica or P. aphanidermatum treat-
ments depended on the particular genotype.

In the first pattern of interaction, shoot
fresh weight of S. alba was dramatically
reduced by all pathogen treatments. In the
second pattern, B. juncea cv. Pacific Gold had
fresh weight of shoots in the presence of M.
javanica that was similar to the control.
However, it exhibited depressed shoot fresh
weights when inoculated with P. aphanider-
matum alone or in combination, indicating
intolerance of this pathogen.

In the third pattern of interaction, B. napus
cvs. Dwarf Essex and Sunshine Canola had
fresh weight of shoots similar to controls when
inoculated with P. aphanidermatum alone.
Shoots of these two cultivars both decreased
when inoculated with M. javanica. However,
when inoculated with both M. javanica and
P. aphanidermatum together, shoot fresh
weights decreased dramatically, indicating
a negative synergistic effect. These same
three patterns of treatment effects were
found for dry weights of shoots (data not
shown).

Roots. Significant interactions on fresh
weight of roots were found between Brassi-
caceae genotypes and M. javanica treatments,
between genotypes and P. aphanidermatum
treatment, and among genotypes, M. javan-
ica, and P. aphanidermatum treatments
(Table 2). As a result, fresh weight of roots
of individual Brassicaceae genotypes were
plotted for each treatment (Fig. 2, bottom).

Each genotype appeared to have a differ-
ent root growth response to the various
pathogen treatments. In the case of S. alba,
all treatments severely depressed root fresh
weight. In the case of B. juncea, treatment
with the M. javanica alone appeared to increase
root fresh weights, whereas P. aphanidermatum

Fig. 1. Effect of inoculation of Meloidogyne javanica (Mj) alone, Pythium aphanidermatum (Pa) alone, or
together on per-plant fresh weights of shoots (top) and roots (bottom) of seven Tagetes genotypes:
T. patula cvs. French Brocade (F), Golden Guardian (G), Nema-gone (N), and Pesche’s Gold (P); and
T. erecta cvs. Scarletade (S), Orangeade (O), and Orange Deep (D). Bars indicate SE for all genotype–
treatment combinations.
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or combination treatments reduced root fresh
weights. For B. napus cv. Dwarf Essex, M.
javanica treatments alone or in combination
resulted in decreased root fresh weights; P.
aphanidermatum treatment alone had no effect
on root fresh weight. For B. napus cv. Sunshine
Canola, M. javanica treatment alone had little
effect on root fresh weight; however, P. apha-
nidermatum treatment alone reduced root fresh
weight, and the combination of treatments
severely depressed root fresh weight, indicating
a negative synergistic effect. Similar results
were found for dry weights of roots (data not
shown).

Nematode host status. There were no
significant effects on Rf resulting from P.
aphanidermatum treatment or genotype or
interactions (Table 2). For genotypes inocu-
lated with M. javanica alone, Rf were 0.003,
0.52, 0.14, and 0.30 for S. alba, B. juncea,
and B. napus cvs. Dwarf Essex and Sunshine
Canola, respectively. These Rf values indi-
cated that S. alba was a non-host and the
other three Brassicaceae genotypes were
poor hosts for M. javanica.

Effects of Meloidogyne javanica and
Pythium aphanidermatum in the
greenhouse trial: Sorghum–sudangrass

Shoots. A significant whole plot interac-
tion was found for fresh weight of shoots of
sorghum–sudangrass genotypes between M.
javanica and P. aphanidermatum treatments
(Tables 2 and 3). Inoculation with M. jav-
anica in the absence of P. aphanidermatum
increased mean fresh weight of shoots (Table
3); however, in the presence of P. aphani-
dermatum, inoculation with M. javanica de-
creased mean fresh weight of shoots.

Subplot main effect of sorghum–sudangrass
genotypes on fresh weight of shoots was
significant (Table 2). The cultivar with the
lowest fresh weight of shoots was cv. Piper;
all other genotypes had significantly greater
fresh weight of shoots and did not differ
from each other (Table 3). Statistical anal-
ysis of dry weight of shoots was not con-
ducted as a result of too many missing
values caused by an oven malfunction.

Roots. Similar to fresh weight of shoots,
a significant interaction was found between

M. javanica and P. aphanidermatum treat-
ments on fresh weight of roots of sorghum–
sudangrass genotypes (Table 2). Inoculation
with M. javanica in the absence of P. apha-
nidermatum increased mean fresh weight of
roots; however, inoculation with M. javanica
in the presence of P. aphanidermatum de-
creased fresh weight of roots.

The subplot main effect of sorghum–
sudangrass genotypes was significant (Table
2). Cultivar Tastemaker had the highest fresh
weight of roots averaged across all treatments
(Table 3); it differed from cvs. Piper and
Sordan 79, which had the lowest fresh weight
of roots. The other four cultivars had fresh
weight of roots that did not differ from the
highest weight. Similar results were found for
dry weight of roots (data not shown).

Nematode host status. Subplot genotype
treatments differed significantly in Rf as well
as the interaction between genotype and
M. javanica (Table 2). This interaction was
the result of some genotypes responding to
inoculation with M. javanica by a greater
increase in Rf compared with others; in other
words, some genotypes are more susceptible
to M. javanica than others. Cultivar Bale All
had the greatest Rf (Table 3). Cultivars
Graze-All, Baler, Piper, and Sordan 79 all
had significantly lower Rf than cv. Bale All.
Cultivars Bale All and Tastemaker were the
only good hosts.

Effects of Meloidogyne javanica and
Pythium aphanidermatum in the
greenhouse trial: Other species

Shoots. As a result of accidental contam-
ination of controls by M. javanica, data for A.
rosea were removed. For the three remaining
species, there were no significant whole plot
main effects of M. javanica or P. aphanider-
matum treatments on fresh weight of shoots;
however, a significant interaction was found
between the two treatments (Table 2). In
other words, the effect of M. javanica treat-
ment on fresh weight of shoots depended on
the presence or absence of the P. aphanider-
matum treatment. Treatment with M. javan-
ica in the absence of P. aphanidermatum
increased mean fresh weights of shoots
compared with the uninoculated control;
however, treatment with M. javanica in com-
bination with P. aphanidermatum treatment
tended to decrease fresh weight of shoots
(Table 4).

The subplot main effect of genotypes on
fresh weight of shoots was significant, and
there were no significant interactions be-
tween subplot treatments and whole plot
treatments (Table 2). Mean fresh weight of
shoots averaged across all treatments was
lowest for I. helenium (Table 4). Crotalaria
juncea and R. hirta had similar fresh weights
of shoots, not differing from each other but
both differing from I. helenium.

Roots. A significant subplot main effect of
genotypes was found on fresh weight of roots
with R. hirta having significantly greater root
fresh weight than the other two species. In
addition, a significant interaction was found
between M. javanica treatments and genotypes

Fig. 2. Effect of inoculation of Meloidogyne javanica (Mj) alone, Pythium aphanidermatum (Pa) alone, or
together on per-plant fresh weights of shoots (top) and roots (bottom) of four Brassicaceae genotypes:
Sinapis alba cv. Ida Gold, Brassica juncea cv. Pacific Gold, B. napus cvs. Dwarf Essex (D) and
Sunshine Canola (S). Bars indicate SE for all genotype–treatment combinations.
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for fresh weight of roots (Table 2). In other
words, the effect of M. javanica on fresh
weight of roots depended on the green ma-
nure genotype. For both C. juncea and
I. helenium, inoculation with M. javanica
increased mean fresh weight of roots com-
pared with the uninoculated control (Table
4). In contrast, for R. hirta, inoculation with
M. javanica depressed mean fresh weights of
roots.

Results for dry weight of roots were
similar (data not shown) with one exception.
Dry weight of roots was greatest for C.
juncea; it was significantly greater than that
for I. helenium or R. hirta.

Nematode host status. A subplot main
effect of genotype on Rf was significant;
also, a significant interaction was found

between M. javanica and genotype, indicat-
ing that genotypes differed in host status to
M. javanica (Table 2). Reproductive factor of
I. helenium inoculated with M. javanica was
the greatest (Table 4).

Field trial of promising green manure
genotypes

Preplant plant–parasitic nematodes popu-
lations varied. Reniform nematodes (Roty-
lenchulus reniformis) ranged from 670 to
2270 per 50 cm3. Root-knot nematodes
ranged from 30 to 120 per 50 cm3; and spiral
nematodes (Helicotylenchus sp.) ranged from
0 to 20 per 50 cm3.

Analysis of a composited soil sample
before planting showed a pH of 6.2, organic
C of 7.6%, and total N of 0.5%. Extractable P

and exchangeable K, Ca, and Mg were
(mg·kg–1): 60, 164, 1304, and 374, respec-
tively. Rainfall for the months of July, Au-
gust, September, and Oct. 2004 were 95, 359,
282, and 682 mm, respectively.

On 21 July 2004, leaf spots were observed
on 25% of the sorghum–sudangrass hybrids
and diagnosed as caused by Colletotrichum
spp., an opportunist fungal pathogen. A few
marigolds were observed to die back on 3
Aug. 2004. Sclerotium rolfsii, a soilborne
pathogen with a wide host range, was isolated
from these diseased plants. Over 50% of
yellow mustard plants were observed to be
dying back on 23 Aug. 2004. Two possible
pathogens isolated from roots were Rhizoc-
tonia solani and Pythium splendens; both
pathogens are favored by poor root drainage

Table 3. Fresh weights of shoots and roots of sorghum–sudangrass genotypes and reproductive factor (Rf) as affected by whole plot treatment of Meloidogyne
javanica (without, Mj 0, and with, Mj 1), interaction effects of M. javanica and Pythium aphanidermatum (without, Pa 0, and with, Pa 1), and subplot treatment
of genotypes (cvs. Bale All, Bale All III, Baler, Graze-All, Piper, Sordan 79, Tastemaker).

FW shoots (g)z,y
SE FW roots (g) SE Rf SE

Whole plot treatment
Mj treatment means

Mj 0 27.9 (1.24) 14.8 (0.72) 0.0001 (0.0001)
Mj 1 29.9 (1.22) 14.6 (0.67) 1.2900 (0.1700)

Interaction means
Mj 0 · Pa 0 21.9 (1.22) 12.0 (4.2) 0.0000 (0.0000)
Mj 1 · Pa 0 33.8 (1.91) 16.1 (1.04) 1.1500 (0.2000)
Mj 0 · Pa 1 33.8 (1.62) 17.5 (1.04) 0.0002 (0.0002)
Mj1 · Pa 1 26.2 (1.26) 13.3 (0.79) 1.4300 (0.2700)

Subplot treatment
Sorghum means

Bale All 32.1 (1.63) a 13.8 (0.88) ab 1.3900 (0.1700) a
Bale All III 33.1 (2.51) a 16.1 (1.68) ab 0.8700 (0.1700) abc
Baler 33.4 (2.31) a 15.7 (1.04) ab 0.6300 (0.1700) bcd
Graze-All 28.5 (2.17) a 15.6 (1.21) ab 0.1000 (0.1700) de
Piper 17.5 (1.32) b 11.9 (1.26) b 0.1900 (0.1900) cde
Sordan 79 28.0 (2.04) a 11.9 (0.63) b 0.2400 (0.1800) cde
Tastemaker 28.5 (2.07) a 17.6 (1.57) a 1.0000 (0.1700) abc

zMeans that are followed by the same letter in one column are not significantly different among genotypes (P < 0.05), according to the Tukey-Kramer adjustment
for multiple comparisons.
yMeans are followed by SE in parentheses.
FW = fresh weight.

Table 4. Fresh weight (FW) of shoots and roots of other species and nematode reproductive factor (Rf) as affected by whole plot treatment of Meloidogyne
javanica (without, Mj 0, and with, Mj1), interaction effect of by Pythium aphanidermatum (without, Pa 0, and with, Pa 1), subplot treatment of genotypes (G),
and interaction effects of genotype (Crotalaria juncea, C, Inula helenium, I; and Rudbeckia hirta, R) by M. javanica.

FW shoots (g)z,y
SE FW roots (g) SE Rf SE

Whole plot treatment
Nematode treatment means

Mj 0 10.6 (1.10) 14.4 (2.53) 0.24 (8.44)
Mj 1 12.8 (1.03) 12.1 (2.46) 26.2 (7.93)

Interaction means
Mj 0 · Pa 0 9.2 (1.52) 11.3 (3.56) 0.41 (11.50)
Mj 1 · Pa 0 15.2 (1.31) 12.2 (3.24) 5.86 (9.90)
Mj 0 · Pa 1 12.1 (1.59) 17.5 (3.60) 0.07 (11.97)
Mj1 · Pa 1 10.5 (1.59) 12 (3.71) 46.5 (12.00)

Subplot treatment
Genotype means

C. juncea 15.2 (1.13) a 12.6 (2.18) bc 0.3 (8.64) a
I. helenium 4.14 (1.48) b 6.64 (2.73) c 39.2 (11.17) a
R. hirta 15.9 (1.28) a 20.5 (2.42) a 0.11 (9.77) a

G · Mj interaction means
C · Mj 0 12.8 (1.48) 9.64 (2.88) 0 (11.16)
C · Mj 1 17.6 (1.71) 15.5 (3.27) 0.6 (12.86)
I · Mj 0 3.06 (2.14) 5.46 (3.94) 0.62 (16.00)
I · Mj 1 5.24 (2.03) 7.83 (3.77) 77.8 (15.23)
R · Mj 0 16.1 (2.00) 28.2 (3.78) 0.09 (15.20)
R · Mj 1 15.7 (1.57) 12.9 (3.00) 0.13 (11.83)

zMeans that are followed by the same letter in one column are not significantly different among genotypes (P < 0.05), according to the Tukey-Kramer adjustment
for multiple comparisons.
yMeans are followed by SE in parentheses.
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and poor soil aeration. We decided to remove
all yellow mustard plants during Oct. 2004,
because they were severely affected by this
disease and P. splendens is a pathogen that
could affect a subsequent taro crop.

Significant effects resulting from sam-
pling time (months) and green manure treat-
ments were found for dry weights of plants in
a 100-cm2 area. Mean shoot dry weight
of sorghum–sudangrass (S. nothosubsp.
drummondii) cv. Sordan 79 was the greatest
(Table 5). Dry weights of both marigold
(T. patula) cultivars, sorghum–sudangrass cv.
Tastemaker, and sunn hemp (C. juncea) did not
differ from each other nor from the maximum
dry weight. Yellow mustard (S. alba) cv. Ida
Gold had the lowest dry weight, which was
less than all other treatments except for sunn
hemp and weedy, unplanted plots.

No significant differences among green
manure treatments were found in populations
of root-knot nematodes with values ranging
from 0 to 80 per 50 cm3 (data not shown).
Green manure crops significantly affected
populations of reniform nematodes with the
lowest counts found in both marigold plots
(Table 5). Next lowest were sorghum–
sudangrass cv. Tastemaker and sunn hemp,
which did not differ from each other nor from
the marigolds. Interestingly, populations of
reniform nematodes in these four green ma-
nure genotypes were lower than those of clean
fallow (weed mat). Initial, normalized popu-
lation counts of reniform nematodes ranged
between 6.50 and 7.73, levels similar to the
weedy, unplanted plots and those containing
yellow mustard.

Discussion

In several recently published literature
reviews (McSorley, 2011; Thoden et al.,
2011), it was shown that effects of green
manure crops on plant–parasitic nematodes
depend on the specific species and cultivars
of crops, the specific species and races of
target pathogens, and environmental condi-
tions. In this series of greenhouse and field

experiments, we examined various green
manure crop species and cultivars under
relevant soil and environmental conditions.

The two greenhouse studies involved
many different plant genotypes, and the de-
cision was made to use Rf as the most
objective, quantitative parameter to measure
for comparison of nematode host status
across genotypes. A green manure genotype
was considered a good host for M. javanica
when Rf was greater than 1, a poor host when
Rf was less than 1 but greater than 0.1, and
a non-host when Rf was less than or equal to
0.1 (Mojtahedi et al., 1993; Seinhorst, 1967).
In the first, preliminary study, marigold
T. patula cvs. French Brocade and Pesche’s
Gold were considered to be non-hosts of
M. javanica. Poor hosts of M. javanica were
canola cv. Dwarf Essex, sorghum–sudangrass
cvs. Piper and Sordan 79, and sunn hemp.

Temperatures have been shown in earlier
studies to affect the suppressiveness of green
manure crops to nematodes. In the two green-
house trials, Rf of M. javanica in B. napus cv.
Sunrise Canola ranged from 4.15 in the first
study to 0.04 in the second one. Reproductive
factor of M. javanica in S. alba cv. Ida Gold
ranged from 1.45 in the first study to 0.003 in
the second one. Different Rf ranges of M.
javanica between the two trials could be the
result of seasonal effects. The first trial was
conducted during the winter, and the second
trial was conducted during the summer with
mean air temperatures of 24 and 28 �C, re-
spectively. Similar results were found in Aus-
tralia, where increased populations of M.
javanica were found for Brassica juncea and
B. napus grown during high temperatures;
however, under cooler temperatures, the plants
prevented proliferation of M. javanica (Oka,
2010). Also, Meloidogyne incognita was able
to complete its life cycle on a marigold Tagetes
hybrid at a soil temperature of 30 �C but not at
lower temperatures (Ploeg and Maris, 1999).
Apparently, there are optimum growth temper-
atures for particular green manure plant species
at which they are most healthy and able to
resist or tolerate plant–parasitic nematodes.

Evaluating green manure crops for multi-
ple pathogens that are likely to be found in
certain crop rotations is important. However,
there are very few studies (Gracia et al., 1991;
Johnson and Littrell, 1970) that examine the
interaction between plant–parasitic nema-
todes and other pathogens on green manure
crops. In the second series of greenhouse
studies, we examined the interaction of M.
javanica and P. aphanidermatum on four
groups of green manure genotypes and found
that the effectiveness of particular green
manure genotypes depends on their resis-
tance to or tolerance of multiple pathogens.

The usefulness of marigolds as green
manures in an upland taro cropping system
will depend on the species and cultivar
selected. Although all genotypes tested did
not support M. javanica reproduction, T.
patula cv. French Brocade and T. erecta cv.
Orange Deep were susceptible to P. aphani-
dermatum based on reduced shoot and root
weights. Although T. patula cvs. Nema-gone
and Pesche’s Gold and T. erecta cv. Scarle-
tade were not susceptible to nematode or
Pythium treatment alone, they were severely
suppressed by the combination of these two
pathogens. Such a negative synergistic effect
is thought to be the result of wounding by the
endoparasitic Meloidogyne spp. that allows
entry of Pythium. Gracia et al. (1991) showed
an additive interaction between Meloidogyne
hapla and Pythium tracheiphilum on lettuce.
Similarly, in chrysanthemum, it was reported
that combined inoculations of P. aphanider-
matum and M. incognita reduced height and
root growth to a greater extent than inocula-
tion of either pathogen alone (Johnson and
Littrell, 1970).

Of the seven marigold genotypes tested in
the greenhouse, T. patula cv. Golden Guard-
ian and T. erecta cv. Orangeade exhibited the
least reduction in shoot and root fresh
weights in the presence of both pathogens
and could be considered the most promising
marigold cultivars. In the field, T. patula cv.
Golden Guardian grew well and supported the
lowest populations of reniform nematodes.

Table 5. Mean dry weight of shoots sampled in a 100-cm2 area averaged across three sampling dates (1, 2, and 3 months after planting) and normalized counts of
reniform nematodes (per 50 cm3 of soil) sampled at 4 months after planting in green manure treatments (yellow mustard, Sinapis alba cv. Ida Gold; marigold,
Tagetes patula cvs. Nema-gone and Golden Guardian; sorghum–sudangrass, Sorghum nothosubsp. drummondii cvs. Sordan 79 and Tastemaker; sunn hemp,
Crotalaria juncea; weedy unplanted; and clean fallow) planted in a field trial at Pepeekeo, HI.

Green manure crops Shoot dry wt (g)z,y,x Reniform countsw

Sinapis alba cv. Ida Gold 3.7 (1.79) c 7.57 (0.30) a
Tagetes patula cv. Nema-gone 47.2 (14.4) a 2.45 (0.82) e
Tagetes patula cv. Golden Guardian 43.0 (10.8) ab 2.46 (0.21) e
Sorghum nothosubsp. drummondii cv. Sordan 79 50.3 (11.6) a 3.77 (0.49) cd
Sorghum nothosubsp. drummondii cv. Tastemaker 46.8 (8.2) a 2.95 (0.38) de
Crotalaria juncea 26.0 (5.6) abc 3.13 (0.50) de
Weedy, unplanted 20.6 (9.7) bc 6.09 (0.52) b
Clean fallow (weed mat) 4.81 (0.36) c
ANOVA: P > F

Month 0.003 —
Block 0.990 0.13
Treatment 0.012 <0.0001
Treatment · month 0.180 —

zDry weights were measured repeatedly at 1, 2, and 3 months.
yMeans are followed by SE in parentheses.
xMeans in a column with the same letters are not significantly different based on the Waller–Duncan multiple range test.
wNematode counts were normalized by the addition of 1 followed by conversion to the natural logarithm.
ANOVA = analysis of variance.
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However, both marigold cultivars in the field
were occasionally infected with Sclerotium
rolfsii, and this pathogen is known to attack
taro also (Ooka, 1994).

One economic limitation to the use of
marigolds in an integrated pest management
(IPM) system is that they were planted first in
trays in the nursery and then transplanted to
the field, resulting in an extra step and added
cost to the establishment of a rotational green
manure crop. Another limitation is the high
cost of marigold seed (Hooks et al., 2010).
Seed of T. patula cv. Golden Guardian was
$1.95 per packet of 800 seeds ($0.0024 per
seed); similarly, seed of T. patula cv.
Nema-Gone was $6.95 per packet of 2000
seeds ($0.0035 per seed). These marigold
cultivars are sold to backyard gardeners
rather than to commercial farmers. As a more
cost-effective alternative to French mari-
golds, African marigold (T. erecta) cultivars
are grown commercially for poultry feed
(Taylor, 2010), and the cost of their seeds
was 10-fold less than that of French marigold
cultivars. The cost of T. erecta seed was
$100/kg with 300 seeds/g ($0.0003 per seed).

The Brassicaceae species screened in the
greenhouse are considered to be unaccept-
able as green manures for an upland taro
cropping system as a result of their high
susceptibility to M. javanica and/ or P.
aphanidermatum treatments (Fig. 2). The
field trial of yellow mustard cv. Ida Gold
demonstrated that this genotype was not well
adapted to the humid environment of the
Hawaii Island, dying back as a result of
several root pathogens. In particular, yellow
mustard would not be suitable for an IPM
system with taro, because it was infected with
Pythium splendans, a pathogen that is known
to infect taro.

Sorghum–sudangrass hybrids tested in both
the greenhouse and field are promising green
manure crops for rotation with upland taro
production. These hybrids were not only re-
sistant and tolerant to M. javanica, undamaged
by P. aphanidermatum, or the combination of
both pathogens, but they also produced large
amounts of biomass (Table 3). Cultivars
Graze-All and Sordan 79 were least susceptible
to M. javanica and their shoot fresh weights
were not different from other hybrids tested.
An additional advantage of cv. Graze-All is
that as a male-sterile hybrid it will not set seed,
providing that other sorghum–sudangrass cul-
tivars with viable pollen are not grown nearby.
This trait will prevent it emerging as a weed
during the next crop rotation. In the field, cvs.
Sordan 79 and Tastemaker grew well and
produced the copious amounts of biomass
(Table 5). In addition, cv. Tastemaker did not
differ in the population of reniform nematode
from marigold genotypes.

Consumption of planted sorghum–
sudangrass seeds by pigeons was a major
problem during planting of these small plots;
however, it is likely that a commercial-scale
planting will exhibit reduced impact of bird
feeding. If birds continue to be a problem at
a larger field scale, perhaps, then planting of
seedlings similar to marigolds might be more

cost-effective than establishment of bird
netting. Alternatively, the use of a compound
that deters feeding by birds would be useful if
it were registered for use in Hawaii.

Sunn hemp (C. juncea) is another prom-
ising rotation crop, because in the green-
house, it is a poor host for M. javanica with
a low Rf. In addition, its biomass was not
adversely affected by M. javanica or P.
aphanidermatum alone or in combination
(Tables 2 and 4). However, in the field, sunn
hemp was slower in getting established than
sorghum–sudangrass hybrids as shown by its
lower mean biomass (Table 5). Also, in
another field trial, sunn hemp was affected
by powdery mildew (Oidium spp.) as a result
of the very moist conditions found along the
Hamakua Coast of the Hawaii Island.

Sunn hemp has been used in several
tropical cropping systems for control of sev-
eral nematode species and weeds (Valenzuela
and Smith, 2002; Wang et al., 2002, 2008),
including a taro intercropping system (Oliveira
et al., 2007). An additional benefit from sunn
hemp is that it is a legume and can fix atmo-
spheric N2, making it a sustainable alternative
to synthetic N fertilizer inputs. According to
Rotar and Joy (1983), 150 to 165 kg N/ha was
added to the soil when sunn hemp was
incorporated after 60 d of growth.

In the field trial, both marigold genotypes,
sorghum–sudangrass cv. Tastemaker, and
sunn hemp had populations of reniform
nematodes that were lower than clean fallow
(weed mat), perhaps indicating that allelo-
pathic compounds could be effective in
addition to their non-host status to nema-
todes. Interestingly, in a review of cover
crops in the southeastern United States,
McSorley (2011) stated that effective rota-
tion crops were not able to reduce nematode
numbers below those achieved during clean
fallow. Our results will need to be confirmed
in future field studies; however, environmen-
tal conditions in Hawaii differ from those in
the southeastern United States and could
affect production of allelopathic compounds
in green manure genotypes.

In conclusion, based on resistance and/or
tolerance to M. javanica or P. aphaniderma-
tum, alone or in combination in the green-
house, and/or adaptation to the field
environment on the Hawaii Island, the most
promising green manure crops evaluated were
marigold cv. Orangeade, sorghum–sudangrass
cvs. Graze-All and Sordan 79, and sunn hemp.
Evaluations of several of these promising
green manure crops in rotation with taro
are in progress. It must be remembered,
however, that green manure crops are only
one aspect needed for sustainable manage-
ment of plant–parasitic nematodes (Collange
et al., 2011; McSorley, 2011).
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