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Abstract: Effect of sunn hemp (Crotalaria juncea) hay amendment on nematode community structure in the soil surrounding roots
of yellow squash (Cucurbita pepo) infected with root-knot nematodes was examined in two greenhouse experiments. Soils were from
field plots treated long-term (LT) with yard-waste compost or no yard-waste compost in LT experiment, and from a short-term (ST)
agricultural site in ST experiment. Soils collected were either amended or not amended with C. juncea hay. Nematode communities
were examined 2 months after squash was inoculated with Meloidogyne incognita. Amendment increased (P < 0.05) omnivorous
nematodes in both experiments but increased only bacterivorous nematodes in ST experiment (P < 0.05), where the soil had
relatively low organic matter (<2%). This effect of C. juncea amendment did not occur in LT experiment, in which bacterivores were
already abundant. Fungivorous nematodes were not increased by C. juncea amendment in either experiment, but predatory
nematodes were increased when present. Although most nematode faunal indices, including enrichment index, structure index,
and channel index, were not affected by C. juncea amendment, structure index values were affected by previous soil organic matter
content. Results illustrate the importance of considering soil history (organic matter, nutrient level, free-living nematode number)
in anticipating changes following amendment with C. juncea hay.
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Sunn hemp, Crotalaria juncea L., is a legume that is
receiving increased attention due to its efficient green
manure properties, including its ability to fix nitrogen,
rapidly produce biomass, increase soil organic matter,
sequester carbon (Rotar and Joy, 1983), and suppress
many plant-parasitic nematodes (McSorley et al., 1999;
Robinson et al., 1998; Santos and Ruano, 1987; Wang et
al., 2001). Crotalaria juncea also has been documented
to increase nematode-antagonistic fungi (Quiroga-
Madrigal et al., 1999; Rodrı́guez-Kábana and Kloepper,
1998; Wang et al., 2001) and bacterivorous nematodes
involved in soil nutrient cycling (Venette et al., 1997;
Wang et al., 2002) and improve soil nutrient levels
(Reeves et al., 1996). Therefore, it is considered a good
rotation crop for organic and other sustainable agricul-
tural systems.

Meeting crop nitrogen (N) demand through organic
N sources may be one of the most critical issues in
developing sustainable agricultural systems (Powers
and McSorley, 2000). Using leguminous cover crops
such as C. juncea has been proven to meet N demand
for various crops (Marshall, 2002; Reeves et al., 1996),
but often N needs must be supplemented by other N
sources or hays (Powers and McSorley, 2000). Dried
hays or residues of cover crops are particularly versatile
for use as amendments in agricultural production.
There is increasing interest in using amendments of C.

juncea hay as a means of achieving fertilizer needs in
organic agricultural production (Marshall, 2002). Avail-
ability of nutrients from a hay or other organic matter
to the crop plant depends on the mineralization of
inorganic nutrients from the organic matter by soil mi-
croflora and microfauna (Clarholm, 1984). However,
microbes also can immobilize inorganic phosphorous
and nitrogen in the soil (Ingham et al., 1985). Free-
living nematodes, especially bacterivorous nematodes,
graze on the microbes and release these nutrients (In-
gham et al., 1985). Bacterivorous nematodes play an
important role in nutrient cycling because of their
abundance, high turnover rate, and strong interactions
with other soil microbes (Ferris et al., 1996, 1997;
Freckman, 1988; Ingham et al., 1985), and with preda-
tors (Laakso and Setälä, 1999; Yeates and Wardle,
1996).

Previously, C. juncea amendment was shown to stimu-
late population growth of free-living nematodes in soils
infested with Rotylenchulus reniformis Linford and Ol-
iveira (Wang et al., 2001, 2002) or Meloidogyne incognita
(Kofoid and White) Chitwood (Wang et al., unpubl.).
Elevated numbers of free-living nematodes, specifically
bacterivores and fungivores, may improve plant toler-
ance to plant-parasitic nematodes by increasing plant
vigor through more efficient nutrient cycling, or in-
crease numbers of predatory and omnivorous nema-
todes that can then feed on plant-parasitic nematodes.
Due to their relatively low numbers, inconsistent occur-
rence, and non-specific food habits, the capability of
predatory nematodes for providing consistent control
of specific pest species is generally limited (Kerry,
1987). However, predatory nematodes represent only
one component of the soil ecosystem, whose small in-
dividual contribution may become significant only in
concert with other nematode-antagonistic flora and
fauna present in most soils. For example, increasing
free-living nematode abundance also may increase the
abundance of tardigrades (Hallas and Yeates, 1972)
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and nematophagous fungi (Jaffee et al., 1993), which
may be more efficient predators than predatory nema-
todes.

The effect of C. juncea amendment on free-living
nematodes in different nematode trophic groups is not
clear. Ferris et al. (2001) suggested that indices derived
through faunal analysis of key nematode trophic
groups and guilds may provide insight into the condi-
tion of the soil food web. The objective of the current
research was to determine the effects of C. juncea hay
amendment on nematode community structure in the
soil surrounding plants infected with root-knot nema-
todes. It is important that organic amendments and
other methods used to improve plant and soil ecosys-
tem condition be examined in the context of root-knot
nematodes because they are key pests in many agricul-
tural crops grown in the southeastern United States. In
particular, we examined hypotheses that amendment of
C. juncea will: (i) increase numbers of bacterivores and
fungivores involved in nutrient cycling, (ii) increase
omnivores and predatory nematodes that have a poten-
tial to feed on plant-parasitic nematodes, and (iii)
change nematode community structure (as evaluated
by nematological community indices). To determine if
performance of C. juncea amendment varies under dif-
ferent soil conditions, these hypotheses are tested in
the context of several very different agricultural histo-
ries. We hypothesize that these amendment effects of C.
juncea would have more effect in a soil with low organic
matter than in a soil that already has a high level of
organic matter.

Materials and Methods

Two greenhouse experiments were conducted on the
University of Florida campus in Gainesville, Florida, in
2001 to examine the differences in nematode commu-
nities between C. juncea-amended or unamended soils.
These effects of C. juncea were tested in soils from sites
with long-term (LT) experiment and short-term (ST)
experiment agricultural histories.

LT Experiment: The first experiment was conducted in
spring 2001. Soils were from two field sites previously
used for LT yard-waste compost studies at the former
University of Florida Green Acres Agronomy Farm in
Alachua County, Florida. Soils were Arredondo loamy
sand (loamy, siliceous, hyperthermic, Grossarenic
Paleudult) (Thomas and Wittstruck, 1985), with 94%
sand, 2% silt, and 4% clay. Based on previous agricul-
tural and experimental history (McSorley and Gallaher,
1996), these soils are characterized as having a previous
history of yard-waste compost (YWC+) or no yard-waste
compost (YWC−). The YWC+ soil was collected from
field plots amended with 269 mt/ha/yr of composted
yard-waste plant materials, including sticks, clippings,
and wood fragments, each year from 1993 to 1998. The
composting process and application are described in

detail elsewhere (McSorley and Gallaher, 1996); by
2001, when significant decomposition had occurred,
the main impact from these past treatments was an ac-
cumulation of a great amount of soil organic matter.
The site was planted with two successive cycles of maize
(Zea mays L.) with cowpea (Vigna unguiculata [L.]
Walp.) as an intercycle cover crop during 1998 and
1999, fallowed with weeds, and remained undisturbed
until soil collection in March 2001. Soil organic matter
content of this site was 8.44%. The YWC− soil was col-
lected from the same experimental sites as the YWC+
(McSorley and Gallaher, 1996) but from field plots not
amended with yard-waste compost. Organic matter con-
tent at this soil was 2.42%. Collected soil (approxi-
mated 25 to 30 kg from each site) was sieved through a
mesh (2-mm-pore) to remove course plant debris but
still allow smaller flora and fauna to pass through, and
the soil was then homogenized for use in a greenhouse
experiment.

Soil amendment: On 7 March 2001, these two soils were
either amended or not amended with C. juncea hay at
1% (w/w) rate based on soil dry weight. Crotalaria jun-
cea hay was harvested from a crop grown at another site
during fall 2000. The hay was air-dried and stored over
the winter for more than 3 months. Soil with dry weight
of 454 g (adjusted according to soil moisture of each
soil) was placed into a 12.7-cm-diam. × 7.5-cm-deep
plastic pot. The experiment was a 2 × 2 factorial (com-
post × C. juncea amendment), arranged in a random-
ized complete block design with four replications.

On 18 March 2001, one germinating squash (Cucur-
bita pepo L., ‘Yellow Crookneck’) seed was planted per
pot. Five days after planting, the soil was infested with
200 M. incognita second-stage juveniles (J2) in 3 ml of
water by pipeting into three holes made around the
seedling. These nematodes had been cultured previ-
ously in a greenhouse on pepper (Capsicum annuum L.,
‘California Wonder’). Eggs were extracted from root
systems in 0.35% NaOCl (Hussey and Barker, 1973)
and incubated on Baermann trays for 7 days to obtain
hatched J2 (Barker, 1985).

Plants were watered daily and fertilized weekly with
50 ml/plant of a solution of 0.54 g/L of 15-30-15
(N:P2O5:K2O) of Miracle-Gro (Scotts Miracle-Gro Prod-
uct Inc., Marysville, OH) fertilizer, using an equal
amount of water or fertilizer for each plant. Squash
flowers were picked as soon as they appeared to prevent
fruiting and uneven growth among the pots. Safer
Brand Insecticidal Soap (Safer Inc., Bloomington, MN)
was sprayed on the foliage to manage populations of
silverleaf whiteflies (Bemisia tabaci), but all plants
showed some silver leaf symptoms by the end of the
experiment.

The experiment was terminated on 15 May 2001, 8
weeks after M. incognita inoculation. Soil from each pot
was placed in a plastic bag and mixed well, and 100 cm3

soil was subsampled to extract nematodes by a sieving
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and centrifugal flotation method (Jenkins, 1964). The
extracted nematodes were heat-killed (2.5 minutes at
60 °C), preserved with 1% formalin and 0.5% strepto-
mycin sulfate, and stored at 4 °C until counted. All
nematodes from the subsample were identified to ge-
nus level, or to family or order level if genus was not
clear, and counted using an inverted microscope.

ST experiment: The amendment experiment was re-
peated in fall 2001. However, only one soil was tested.
Due to the closing of University of Florida Green Acres
Agronomy Farm, another field soil was used in the sec-
ond experiment. This soil, collected from the Univer-
sity of Florida, Experimental Designs Field Teaching
Laboratory, Gainesville, Florida, was Millhopper sand
(loamy, siliceous, hyperthermic, Grossarenic Paleu-
dult) (Thomas and Wittstruck, 1985) with 92% sand,
3% silt, and 5% clay, and 1.95% organic matter. In
contrast to the sites described previously (LT experi-
ment), this site is considered to have an ST agricultural
history because it was first planted to vegetable crops
rather recently (1997). The field site was cropped with
short-term rotations of various vegetable crops, and is
continuously disrupted by rototilling after each short-
lived vegetable crop. A cover crop of rye (Secale cereale
L.) was intercropped with lupine (Lupinus angustifolius
L.) in the season prior to soil sampling. Soil for the
greenhouse test was either amended or not amended
with C. juncea hay as described in LT experiment.
Therefore, the experimental design was a randomized
complete block design with four replications. Squash
seeds were planted on 24 September 2001 and inocu-
lated 1 week after germination. Due to the low recovery
of M. incognita at the termination of LT experiment, a
greater number of M. incognita (800 J2/pot) was used
for inoculation in ST experiment. The experiment was
terminated on 26 November 2001, 8 weeks after nema-
tode inoculation. Methods for data collection were
identical to those described for LT experiment.

Nematode community analysis: Nematodes were as-
signed to five trophic groups: bacterivores, fungivores,
herbivores, omnivores, and predators (Yeates et al.,
1993a). Although feeding habits of Tylenchidae
(mostly Filenchus and Tylenchus) and Ecphyadophora are
considered unclear (Yeates et al., 1993a), they were
classified as fungivores (McSorley and Frederick, 1999)
in this experiment. Monhystera was grouped as a bacte-
rivore rather than a substrate ingestor (Yeates et al.,
1993a). The total number of nematodes in every tro-
phic group and the percentage of every trophic group
in the nematode community were calculated.

On the basis of nematode data, several indices of the
nematode community were computed. Nematode rich-
ness was determined as the total number of different
taxa recorded per sample. Simpson’s index of domi-
nance (Simpson, 1949) was calculated as � = � (pi)

2,
where pi is the proportion of each genus i present
(those identified to the family or order level were ex-

cluded). Simpson’s index of diversity was calculated as
1/�. Fungivore to bacterivore (F/B) ratios were calcu-
lated to characterize decomposition and mineralization
pathways, using the F/B ratio of Freckman and Ettema
(1993) and the F/(F+B) ratio of Neher (1999). Total
maturity index (MI) as defined by Yeates and Bird
(1994) was calculated as � (pici), a weighted mean of
the colonizer-persister (c-p) values of nematodes in all
trophic groups including herbivores, where ci is the c-p
rating for taxon i according to the 1-to-5 c-p scale
(Bongers and Bongers, 1998). Nematode fauna were
further analyzed by a weighting system for the nema-
tode functional guilds in relation to enrichment and
structure of the food web as suggested by Ferris et al.
(2001). These indices include the enrichment index
(EI), structure index (SI), and channel index (CI). The
EI and SI are proposed to describe the enrichment and
the structure condition of the soil food web, respec-
tively (Ferris et al., 2001). They are calculated as EI =
100 × [e/(e+b)] and SI = 100 × [s/(s+b)], where e, s, and
b are the abundance of nematodes in guilds represent-
ing enrichment (guilds Ba1, Fu2), structure (Ba3-Ba5,
Fu3-Fu5, Om3-Om5, Ca2-Ca5), and basal (guilds Ba2,
Fu2) food web components, respectively (Ferris et al.,
2001). The CI represents the predominant decomposi-
tion pathway in the soil food web, and is calculated as
CI = 100 × [0.8Fu2/(3.2Ba1 + 0.8Fu2)], where Fu2 and
Ba1 are the abundance of fungivorous nematodes in
the guild with a c-p value of 2 and bacterivorous nema-
todes in the guild with c-p value of 1, respectively.

Statistical analysis: Nematode community data col-
lected from LT experiment were analyzed is a two-
way (compost × amendment) analysis of variance
(ANOVA), whereas data from ST experiment were ana-
lyzed as a one-way ANOVA. Both analyses were per-
formed using SAS (SAS Institute, Cary, NC) to deter-
mine significant effects at P � 0.05, or P � 0.01. Nema-
tode count data were log-transformed prior to ANOVA,
and untransformed means are presented.

Results

Effect of C. juncea on nematode numbers: Amendment
with C. juncea (Cj) resulted in different responses on
nematode communities in the two experiments. Abun-
dance of several nematode genera and of total nema-
todes were affected (P � 0.05) by Cj in ST experiment
but not in LT experiment (Tables 1, 2). However, in
the LT experiment, history of yard-waste compost had
significant impact on the abundance of several genera
of nematodes in the bacterivorous and herbivorous
groups (P � 0.05).

Bacterivores. Generally, abundance of bacterivores was
greater in LT experiment than ST experiment. How-
ever, none of the bacterivorous taxa were affected by Cj
amendment in LT experiment (Table 1) except Acro-
beles, which was increased significantly by Cj amend-
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ment only in the YWC+ soil (P � 0.05). The abun-
dances of many of bacterivorous taxa were increased by
Cj amendment in ST experiment (P � 0.05, Table 2)

except for the abundance of Cephalobus and Zeldia,
which were decreased by Cj amendment (P � 0.05,
Table 2). Total number of bacterivores was significantly

TABLE 2. Nematode genera in squash planted pots 2 months after incorporation of Crotalaria juncea (Cj) amendment in a greenhouse
experiment using soil from a short-term agricultural history site, fall 2001.

Nematode

Nematodes/100 cm3 soil

Nematode

Nematodes/100 cm3 soil

Cj+ Cj− Cj+ Cj−

Bacterivores
Acrobeles 20 2*

Herbivores
Meloidogyne 170 43*

Acrobeloides 206 26* Mesocriconema 0 1
Cephalobus 4 12* Paratrichodorus 0 8
Eucephalobus 33 5** Total 170 52**
Panagrolaimus 86 5
Plectus 13 9 Omnivores
Rhabditidae 86 18* Aporcelaimellus 0 1
Wilsonema 6 0* Eudorylaimus 8 2*
Zeldia 0 3* Total 8 3*
Total 461 88**

Fungivores
Aphelenchoides 24 9

Predators
Ironus 1 0

Filenchus 6 1 Nygolaimus 4 0
Nothotylenchus 24 3 Tobrilus 1 0
Tylenchus 2 1 Total 6 1**
Tylencholaimus 0 1
Total 56 14 Total Nematode 724 162**

Data are untransformed arithmetic means of 4 replications. *, and ** represent significant difference between log10(x+1) transformed means of Cj+ and Cj−
treatments at P � 0.05, and 0.01, respectively, according to analysis of variances.

TABLE 1. Nematode genera in soils with or without history of yard-waste compost (YWC+ or YWC−), with or without Crotalaria juncea (Cj+
or Cj−) amendment 2 months after squash was planted in a greenhouse experiment using soil from a long-term agricultural history site,
summer 2001.

Nematode
c-p

valuea

YWC+ YWC−

Cj+ Cj− Means Cj+ Cj− Means

Bacterivores
Acrobeles 2 124b 25 74 80 145 112
Acrobeloides 2 1,938 1,435 1,686 470 630 550
Eucephalobus 2 55 16 36 264 129 197*
Panagrolaimus 1 8 3 6 40 4 22
Plectus 2 75 10 42 30 125 78
Prismatolaimus 3 6 11 8 2 0 1*
Rhabditidae 1 56 13 34 76 36 56
Wilsonema 2 5 4 4 0 0 0
Zeldia 2 69 59 64 67 185 126
Total 2,356 1,585 1,970 1,038 1,261 1,150

Fungivores
Aphelenchoides 2 13 5 9 33 38 36*
Filenchus 2 0 4 2 10 10 10
Tylenchus 2 0 1 1 3 9 6
Total 24 15 20 50 59 54*

Herbivores
Meloidogyne 3 14 12 13 14 12 13
Mesocriconema 3 25 61 43 122 88 105
Pratylenchus 3 15 15 15 5 6 6
Total 54 89c 72 141 106 124

Omnivores
Eudorylaimus 4 3 0 2 1 0 1
Total 5 0 2 1 0 1

Total nematodes 2,446 1,695 2,071 1,264 1,440 1,352

a See Bongers and Bongers (1998).
b Data are untransformed arithmetic means of 4 replications. *, ** represent significant difference between log10(x+1) transformed means of YWC+ and YWC−

treatments at P � 0.05 and P � 0.01, respectively. No significant (P � 0.05) YWC × Cj interactions occurred, except for Acrobeles.
c Difference between Cj+ and Cj− was significant at P � 0.05.
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increased by Cj amendment in ST experiment (P �
0.01, Table 2) but not in LT experiment (Table 1).

Fungivores. Total number and the abundance of each
nematode genera of fungivores were not affected by Cj
in either experiment (P > 0.05, Tables 1, 2). Yard-waste
compost history decreased the total number of fungi-
vorous nematodes in LT experiment (Table 1), mainly
due to the decrease of Aphelenchoides in the YWC+ soil
(P < 0.05, Table 1).

Herbivores. Amendment with Cj increased total num-
ber of herbivores, especially M. incognita, in ST but not
in LT experiment (P < 0.01, Table 2). Yard-waste com-
post history had no impact on the abundance of her-
bivores (Table 1).

Omnivores and predators. Crotalaria juncea amendment
increased abundance of omnivorous nematodes
(mainly Eudorylaimus) in ST experiment (P < 0.05,
Table 2) but had no significant effect in LT experi-
ment. In ST experiment, Cj increased the total number
of predatory nematodes as well (P < 0.01, Table 2), but
no predatory nematodes were detected in LT experi-
ment.

Effect of C. juncea on indices of nematode community struc-
ture: Most indices of community structure were not af-
fected by Cj-amendment (Tables 3, 4) except for the
maturity index in LT experiment. The majority of
nematodes present in these communities were bacteri-
vores, with an especially large percentage of bacteri-
vores present in LT experiment. The F/B ratios and
F/(F+B) tended to be less and the (F+B)/PP ratios
greater in LT experiment than ST experiment (Tables
3, 4). In LT experiment, communities in soils with a
history of compost application (YWC+) had a greater (P
� 0.01) structure index than YWC− soils (Table 3).
Averaged over both soils, amendment with Cj resulted

in a lower (P � 0.05) value of maturity index in LT
experiment.

Discussion

Effect of C. juncea amendment on nematode numbers: Ef-
fect of C. juncea amendment on nematode communi-
ties differed between compost histories and between
experiments in which soils representing LT (LT experi-
ment) and ST (ST experiment) agricultural sites were
used. In general, C. juncea amendment increased total
numbers of bacterivores in ST experiment, but not in
LT experiment. This amendment did not alter abun-
dance of fungivores during the experiments, but it in-

TABLE 3. Nematode communities indices in soil with or without yard-waste compost (YWC+, YWC−), treated or not treated with Crotalaria
juncea (Cj) amendment 2 months after squash was planted in a greenhouse experiment using soil from a long-term agricultural history site,
summer 2001.

YWC+ YWC− ANOVA

Cj+ Cj− Means Cj+ Cj− Means Compost Cj

% Fungivores 2.31c 1.74 2.02 3.73 4.95 4.34 NSd NS
% Bacterivores 87.40 75.08 81.24 77.85 73.61 75.73 NS NS
% Omnivores 0.34 0 0.17 0.12 0 0.06 NS NS
% Herbivores 4.23 13.05 8.64 10.74 7.90 9.32 NS NS
F/Ba 0.03 0.03 0.03 0.05 0.07 0.06 NS NS
F/(F+B) 0.03 0.03 0.03 0.05 0.06 0.05 NS NS
(F+B)/PPb 19.13 58.78 38.96 14.02 11.12 12.57 NS NS
Richness 11.00 12.50 11.75 10.75 10.75 10.75 NS NS
Diversity 2.67 2.65 2.66 4.93 4.48 4.71 NS NS
Dominance 0.46 0.52 0.49 0.34 0.24 0.29 NS NS
Maturity index 2.00 2.12 2.06 1.97 2.02 2.00 NS *
Enrichment index 18.81 9.85 14.33 31.41 15.76 23.58 NS NS
Structure index 5.29 5.88 5.59 1.11 0.00 0.56 ** NS
Channel index 6.92 20.00 13.46 16.32 46.21 31.26 NS NS

a F/B = fungivorous/bacterivorous nematode abundance.
b PP = plant-parasitic nematode abundance.
c Data are means of 4 replications. *, ** represent significant difference between corresponding main effect means at P � 0.05, and P � 0.01, respectively.
d ANOVA effect not significant at P � 0.05.

TABLE 4. Nematode community indices in squash planted pots 2
months after incorporation of Crotalaria juncea amendment in a
greenhouse experiment using soil from a short-term agricultural his-
tory site, fall 2001.

Indices Cj+ Cj−

% bacterivores 59.65 55.12
% fungivores 7.49 8.70
% herbivores 27.40 31.66
% omnivores 1.47 1.89
% predators 1.21 0.55
F/B 0.13 0.16
F/(F+B) 0.13 0.11
(F+B)/PP 3.06 2.16
Richness 18 17
Dominance 0.19 0.15
Diversity 5.31 8.18
Maturity index 1.97 2.06
Enrichment index 69.68 60.64
Structure index 21.53 19.29
Channel index 7.94 11.48

Data are means of 4 replications. No differences (P � 0.05) between Cj+ and
Cj− for any index measured.
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creased the number of omnivorous and predatory
nematodes, provided that they were at a detectable
level (ST experiment).

These results only partially support our hypothesis
that C. juncea amendment could alter the nematode
community structure in favor of bacterivores and fun-
givores. We expected that C. juncea amendment would
increase numbers of bacterivorous nematodes more
than fungivorous nematodes in these ST experiments
because dried residue of C. juncea a legume, has a rela-
tively low C:N ratio (C:N ratio = 18.92; Marshall, 2002).
Increased abundance of fungal-feeding nematodes dur-
ing the period of organic decomposition would be
more likely in crop residues with a greater C:N ratio
(Beare et al., 1992; Ferris et al., 1996). However, Mc-
Sorley and Frederick (1999) found that bacterivore and
fungivore numbers were greater following legume and
non-legume amendment application, compared to una-
mended soil throughout 10 months of study.

Conversely, we expected the increase in abundance
of bacterivorous nematodes by C. juncea amendment to
be more consistent. Previous research reported that
amendment increased the abundance of bacterivorous
nematodes in organic compared to conventional farm-
ing systems without amendments (Ferris et al., 1996;
Freckman, 1988; Griffiths et al., 1994; Neher, 1999). In
the current study, total number of bacterivorous nema-
todes were increased by C. juncea amendment in a soil
with initial organic matter <2% (ST experiment) but
not in a soil with organic matter of 8% (YWC+ in LT
experiment). Low organic matter (<2%) is typical of
agricultural soils in north-central Florida; the high level
of organic amendment achieved through history of re-
peated yard-waste compost application is unusual and
extreme (McSorley and Gallaher, 1996). The most
abundant bacterivore in the YWC+ soil in LT experi-
ment was Acrobeloides, reaching abundance of >1,400/
100 cm3 soil in both amended and unamended treat-
ments. It is possible that the abundance of Acrobeloides
reached a carrying capacity in the soil contained in
these greenhouse pots with their high organic matter,
so that further amendment of C. juncea might not
stimulate a flush of the bacteria sufficient to support
further growth of the already large Acrobeloides popula-
tion. However, bacterivores in the YWC− soil that had
less organic matter content than the YWC+ soil did not
respond to the C. juncea amendment either. But when
comparing results of LT experiment (greater bacteri-
vore abundances) with those of ST experiment (less
abundance of bacterivores), it appears that C. juncea
amendment was more effective in increasing bacteri-
vores when their populations were low in the una-
mended soil rather than high. This suggests that bac-
terivore population density may be more critical than
level of organic matter in determining the effect of C.
juncea amendment on the abundance of bacterivores.

Amendment of C. juncea did not affect abundance of

herbivorous nematodes (mainly M. incognita) in LT ex-
periment but increased them in ST experiment, possi-
bly because a greater abundance of M. incognita was
used as inoculum in ST experiment. Yeates et al. (1997)
also found that plant-parasitic nematodes were more
abundant under an organic management system.
Squash shoot weight was actually greater in C. juncea-
amended than in unamended soil in ST experiment
(Wang et al., unpubl. data). Therefore, the improved
plant growth in amended soil may have provided more
root growth and feeding sites for M. incognita, resulting
in greater abundance.

Increase of omnivorous and predatory nematodes by
the C. juncea amendment supported our hypothesis
that amendment would stimulate these beneficial
nematodes. Wardle et al. (1995) reported that abun-
dance of omnivores and predators was increased when
their bacterivore prey had increased 3 months earlier.
However, a significant contribution of predatory nema-
todes toward suppression of plant-parasitic nematodes
might not be obvious (Kerry, 1987). Yeates and Wardle
(1996) provided another perspective of the beneficial
effect of predatory nematodes in an agroecosystem: the
increase in predatory nematodes may result in in-
creased cycling of plant nutrients rather than a reduc-
tion in plant-parasitic nematodes. This was because
predatory nematodes were often feeding on bacterivo-
rous or fungivorous nematodes that apparently served
as conduits through which nutrient resources passed
from microbes to predacious trophic levels (Yeates and
Wardle, 1996). This is an important process in main-
taining soil ecosystem health because availability of nu-
trients from the soil organic matter to plants relies on
the mineralization of nutrients from their immobilized
forms (Clarholm, 1984).

Effect of C. juncea amendment on nematode community
indices: Crotalaria juncea amendment did not change the
richness, diversity, and dominance values of the nema-
tode communities nor the percentages of most nema-
tode trophic groups in both experiments. Yeates et al.
(1997) also observed similar proportions of free-living
nematodes in the cp = 1, 4, and 5 groups in soils
whether managed organically or conventionally. Gen-
erally, nematode communities in ST experiment con-
tained more species and were more diverse than those
in LT experiment, allowing a more diverse community
of nematodes to respond to disturbance. In contrast,
the nematode fauna of LT experiment was clearly
dominated by bacterivores.

Among the faunal indices (MI, EI, SI, and CI), only
MI was able to detect any differences due to C. juncea
amendment, and only in LT experiment, where the
maturity index was less in C. juncea-amended soil. Al-
though C. juncea increased omnivorous nematode num-
bers, their numbers were extremely low (average of
0.23% of total nematode community in C. juncea
amended soil, Table 3) and therefore had little impact
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on MI compared to the abundant bacterivores (average
of 83% of total nematode community in C. juncea
amended soil, Table 3). In ST experiment, an increase
in bacterivores (mostly with c-p � 2) and omnivores or
predators (mostly with c-p � 3) in the amendment
treatment balanced out the overall c-p value and re-
sulted in a similar MI value to the unamended control.
McSorley and Frederick (2002) also suggested that if a
treatment similarly affected nematode taxa in different
trophic or c-p groups, no effects could be detected with
commonly used indices of nematode community struc-
ture, such as MI and F/B. Although some researchers
(Neher, 1999; Yeates et al., 1993b) have recommended
the use of F/(F+B) rather than F/B, the high abun-
dance of bacterivores resulted in similar values of F/B
and F/(F+B) in the current experiments. Examination
of additional indices such as EI and SI revealed a simi-
lar dilemma. The overabundance of the Ba2 guild in
these experiments reduced the sensitivity of these indi-
ces. Despite this dilemma, MI and SI values were
greater in the YWC+ than YWC− soil, indicating that the
multiple years of compost treatment improved the
structure of the nematode communities. Neher (1999)
did not detect differences in MI between soil managed
conventionally and organically, and suggested that cul-
tivation in both management systems created a greater
disturbance on nematode communities that overcame
any effect of management system on the communities
(Neher and Campbell, 1994).

In contrast, when we compare SI and EI between the
two experiments, important information regarding the
food web condition of these soils is revealed. When the
SI and EI of each soil at the termination of these ex-
periments were placed on the enrichment and struc-
ture trajectories (Ferris et al., 2001), soil from LT ex-
periment mapped in Quadrat D (representing a
stressed and degraded condition) whereas soil from ST
experiment mapped in Quadrat A (representing a
highly disturbed but N-enriched condition). The em-
pirical data also support the classification of the soil
condition from LT experiment as stressed. In LT ex-
periment, nematode diversity, predator and omnivore
numbers, and richness were less than in ST experi-
ment. Richness in soils from LT experiment was only
64% of that in ST experiment, an average difference of
six taxa per sample. Furthermore, the soil nematode
community from LT experiment was highly skewed to-
ward bacterivores (>73% of the nematode community),
especially Cephalobids like Acrobeloides and Eucephalo-
bus. Wasilewska (1997) suggested that Cephalobidae,
bacterivores in guild Ba2, become abundant in the early
successional stage after enrichment, under a food web
that has been diminished due to limitation of re-
sources, adverse environmental conditions, or recent
contamination. It is unclear why the nematode commu-
nity structure of soils in LT experiment had reached
this stressed condition with high cephalobid numbers.

However, the site from which the YWC+ and YWC− soils
were collected was fallow (except for sparse weeds) and
free of crops for more than a year, while soil for ST
experiment was collected from a recently cropped
(within 2 months) site. The lack of agricultural crops
may have had an impact on the soils used in LT experi-
ment, suggesting that regular plant and root growth
may be needed to maintain optimum food web condi-
tion and nutrient cycling.

One limitation to studies of nematode communities
is in the difficult choice of an arena (field, microplot,
greenhouse, microcosm) in which to conduct such
studies. Studies in greenhouse pots are relatively easy to
control but may not always reflect field conditions. The
collection, sieving, and mixing of field soil were critical
steps in these experiments that have affected some
members of the nematode communities or other mem-
bers of the soil flora and fauna. For instance, some
Dorylaimida such as trichodorids are affected by distur-
bance such as dropping samples, although mixing of
soil did not have much effect on these nematodes (Bor
and Kuiper, 1966). An alternative would be to fill pots
with field soil without mixing, collected directly from
points in the field. The disadvantage of not mixing soil
is that the high spatial variability of nematode field
populations and nutrients would then be included in
the greenhouse test, causing extreme variability in data
and making statistical analysis problematic. The mixing
helps to ensure more uniformity among all pots, allow-
ing for fewer numbers of replications for samples that
are especially time consuming to examine.

In conclusion, effect of C. juncea on nematode com-
munities varies among agricultural histories. The C.
juncea amendment increased numbers of bacterivo-
rous, omnivorous, and predatory nematodes during the
enrichment stage of decomposition in a recently culti-
vated Florida agricultural soil, with a typical low level of
organic matter (<2%). This effect of C. juncea amend-
ment on bacterivores did not occur when numbers of
bacterivores were already abundant and dominated by
a stressed soil food web. Increased abundance of om-
nivorous and predatory nematodes by C. juncea amend-
ment did not reach a sufficient level to suppress M.
incognita but may play an indirect role in nutrient min-
eralization and recycling. Stimulation of nematodes by
amendment occurred mainly in the soil that had a
short-term agricultural history and was originally low in
organic matter content. Thus, farmers need to take
field history into consideration when using C. juncea
hay as an amendment because a greater response is
anticipated on soils that are low in nutrients, free-living
nematodes, and organic matter.
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