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ABSTRACT

Temporal (monthly in three fields for 12 months) and spatial
(once in 23 fields during March-April) samplings were conducted in
the major soybean (Glycine max)-growing region of the Brazilian
Federal District. Fifty-three nematode genera were found in both
samplings, but 13 were detected only by the temporal sampling,
and one only by the spatial sampling. Fifty-three percent were plant-
parasites, 35% were bacterivores, and about 12% were fungivores,
predators and omnivores constituted the community that was
dominated by the genera Helicotylenchus (40% of total abundance),
Acrobeles (15%), Cephalobus (7.6%), Meloidogyne (5.6%) and
Pratylenchus (4.9%). Heterodera glycineswas not found in this study.
Therewereno differencesin ten ecological measurements[Ds, H’, Es,
T, FF/BF, (FF+BF)/PP, MI, PPI, mMI, and Dorylaimida (%)] between
the two sampling types, but differences in indexes d and J. Plant

parasite populations dropped at the end of the crop cycle, remained at
low levelsduring thedry season and the seedling period, then increased
again in the crop-growing season. Fungivores maintained their low
populationsthroughout the year, increasing only in June and July, the
post-harvest period, when soil fungi decomposed root tissue. The
population of bacterivoresdlightly declined during the dry season and
theinitial rainy season, but peaked in the middle of the rainy season,
apparently associated with soil humidity. In the five most abundant
nematodes, those of Acrobeles and Pratylenchuswere more populous
inwet soils, Cephal obus and Mel oidogyne adapted well in dry soils, but
Helicotylenchus survived abundantly in awiderange of soil moisture.

Additional keywords: Glycine max, population dynamics,
nematode ecology, temporal and spatial samplings, and functional
groups.

RESUMO

Comunidade de nematdides, estrutura tréfica e flutuagao
populacional em plantacfes de soja

Amostragens temporal (mensalmente em trés campos por
12 meses) eespacid (umavez, em 23 campos, de margo aabril) foram
feitas naprincipal regido sojicolado Distrito Federal. Nos doistipos
de amostragem foram encontrados 53 géneros de nematdides, sendo
13 deles detectados apenas pela temporal e um somente pela
espacial. Do total, 53% foram fitoparasitos, 35% bacteridéfagos e
cercade 12% micofagos, predadores e onivoros. Esses constituiram
acomunidade de nematéides, dominada por Helicotylenchus (40%
da abundancia total), Acrobeles (15%), Cephalobus (7,6%),
Meloidogyne (5,6%) e Pratylenchus (4,9%). Heterodera glycines
ndo foi encontrado neste estudo. N&o houve diferenca quanto aos
indices Ds, H’, Es, T, FF/BF, (FF+BF)/PP, MI, PPI, mMI e
Dorylaimida (%) entre as duas amostragens, mas houve diferenca

quanto aos indices d e J. Os fitoparasitas tiveram popul agdes
reduzidas no final do ciclo da cultura, se mantiveram em nivel
baixo na estagdo seca e no periodo de desenvolvimento inicial das
plantas, aumentando durante o crescimento das mesmas. Os
micofagos se mantiveram em baixa populagdo durante o ano, mas
se elevaram em junho e julho, periodo de pods-colheita, em que
raizes se encontravam em decomposic¢éo por fungos do solo. Os
bacterit6fagos tiveram suas populagdes ligeiramente reduzidas
durante asecae afaseinicial das chuvas, mas se elevaram no meio
da estagdo chuvosa, estando, aparentemente, associadas a alta
umidade do solo. Dentre os cinco géneros mais abundantes,
Acrobeles e Pratylenchus povoaram mais solos Umidos, enquanto
Cephalobus e Meloidogyne adaptaram bem em solos secos, mas
Helicotylenchus sobreviveu abundantamente numa grande faixa de
umidade.

INTRODUCTION

Nematodes are widely distributed in soil, and their
communities are made up of diverse species that, according
totheir feeding habits, can be classified into five major groups:
plant parasites, bacterial and fungal feeders, predators and
omnivores. The role of nematodes in a soil ecosystem isto
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recyclenutrientsby feeding plant tissueand microorganisms
and liberating minerals for easy absorption by plant roots.
Due to different nematodes having different life spans and
different reproductive and survival capacities, the nematode
community has been used as an ecological bioindicator to
reflect environmental changes (Freckman, 1982; Samoiloff,
1987; Bongers, 1990). The abundance of each speciesin the
community can be transformed into ecological indexes and
parameters to measure community changes in diversity and
trophic structure, and further to assess soil disturbance levels
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and decomposition pathways. Recently, many nematol ogists
havefocused on the changes of nematode community structure
in different vegetation systems, ranging from native to
intensified agriculture systems (Niblack, 1989; Hyvonen &
Persson, 1990; Coleman et al., 1991; Wasilewska, 1991,
Freckman & Ettema, 1993; Neher & Campbell, 1994).

When the occurrence of soybean cyst nematodes
(Heterodera glycines I chinohe, 1952) was reported in Brazil
in 1991-1992, it was limited to three isolated fields, Nova
Ponte (MG), Campo Verde (M T), and Chapadado do Céu (GO)
(Silva, 1999). At present, the infestation has spread to about
two millions hectares, including 70 soybean-growing counties
in seven states (Minas Gerais, Goias, Mato Grosso, Mato
Grosso do Sul, Sdo Paulo, Parana and Rio Grande do Sul)
(Silva, 1999) causing an estimated production loss of 216,000
tons of soybean [Glycine max (L.) Merrill] (Goellner, 1995).
On the other hand, the production of soybean by the Program
of Managed Settlement in the Federal District (“Programa
de Assentamento Dirigido no Distrito Federal”) (PAD/DF)
hasincreased considerably in thelast decade, now contributing
about 90% of total district production. The Brazilian Federal
Didtrictisin Central Brazil, the major soybean-producing region
in the country, with about 41,7% of total national production
(CONAB/DIPLA, 2002). Sofar, thereareno dataon the soybean
cyst nematode for this major soybean-growing region.

Nematodes are microorganismsthat can survivewithin
many small patches in soil environment, but their life
processes are very sensitiveto climatic variations. Thus, their
communities can be influenced by habitat heterogeneity and
successional changes. Results from spatial sampling do not
show seasonal effects, whereasthose from temporal sampling
neglect geographic variations. It is valuable to compare the
results from the two sampling types to provide further
information, as both types of sampling are laborious and may
not be executed in the same project.

Therefore, the objectives of this study were to
characterize five ecological aspects of the nematode
communities: abundance, diversity, trophic function, soil
disturbance and decomposition pathway, in the major soybean-
growing region of the Federal District and adjacent areas,
with special attention to the existence of soybean cyst
nematodes. This study was also to compare the resultsfrom
spatial and temporal samplings, and further to describe
population patterns of five different trophic groups and five
most-abundant nematode genera, and their relations to each
other and to soil water contents and monthly precipitation.

MATERIALS AND METHODS

The study was carried out at PAD/DF, the major
soybean-producing region in the Brazilian Federal District.
The climate of this region is characterized by two distinct
seasons. one dry (from May to September) with almost no
precipitation, and onewet (from October to April) with atotal
precipitation of approximately 1,500 mm, mostly concentrated
in November, December and January. The soil istypical sandy
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loam known as red latosol (‘latossolo vermelho’), and soil
temperature fluctuates between 26 °C in the summer and 15 °C
inthewinter (EMBRAPA, 1978).

Two types of soil samplings were made in this study.
One was a spatial sampling made once in 23 soybean fields
at relatively random distribution in thisregion between March
21-April 27, 1994. Another was a temporal sampling made
monthly in three (fields 14, 20 and 22) of the 23 fieldsfor 12
months. In this study, soybean was harvested from May to
June and next seeded from October to November, with afree
fallow between the two periods. During the fallow period,
grasses, and dicotyledonous weeds, such as Acanthospermum
australe (Loefl.) Kuntze, Bidens pilosa L. and Emilia
sonchifolia DC, dominated the plant community.

Within 23 soybean fields, 18 were planted with cultivar
FT-Cristalina, and the other five fields were planted with
different cultivars[field 20 with cv. FT-Seriema, field 1 with
cv. FT-Estrela, field 9 with cv. FT-11 (Alvorada), field 16
with cv. EMGOPA-305, and field 5 with cv. Doko]. The
information about the 23 fields was recorded (Gomes, 1996).
The sampling area (about 1.5 ha) in each field was divided
into five zigzag rows, 12 points/row and each point at 0-20
cm depth a sample was collected by a steel tube with 3cm
in diameter. The soil samplesfrom 12 points were composted
to one sample from which 1 kg of homogenized soil was
processed for nematode extraction. Another 50 g of soil
was placed in an oven at 100 °C for 24 h, and the soil water
contents were calculated by the reduction of soil weight
after heating. At the sametime, the precipitation recordsduring
the sampling periods were obtained from the local weather
agency.

For nematode extraction, 1 kg of soil sample was
placed in 9 | of water, and then passed through a 50-mesh
(297 pm pore-openning) screen. Nematodes were collected by
400-mesh (37 um) screens. The soil suspensions were rotated
at 2,000 rpm for 20 s, and nematodesin the supernatant were
collected by a 500 mesh-screen with a 26 pm pore-openning.
The residue in the centrifuge tubes was re-suspended in
sucrose solution (456 g/l), and re-rotated and re-collected by
the sameway. Nematode sampleswere preserved in 15 ml of
Golden solution (3%) (Hopper, 1970). All nematodesin 1 ml
randomly removed from the solution were counted, and the
total number cal culated by the mean of three countsx 15 ml.
After infiltration with glycerin (Seinhorst, 1959) and mounted
on slides, one hundred nematodes were randomly selected
for identification at a generic level under a compound
microscope (400-1,000x).

The data were then transformed into the following
measurements as formulas previously described (Magurran,
1988; Krebs, 1994): absolute frequency, total abundance,
relative abundance, trophic groups (bacterial and fungal
feeders, plant parasites, omnivores and predators) group
alocation after Yeates et al. (1993). If one nematode had two
types of feeding habits, its popul ation number was divided by
two for each one. Other measures used were the species
richness index [d = (S— 1)/log N, where S = no. of genera,
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and N = total no. of nematodes], Simpson’s diversity index
[Ds=1-Z(p)?% where, p, = percent of genus “i” in the total
abundance], Shannon-Weaver’s diversity index [H" = -Z p,
log, p], evenness of Simpson’s diversity index (Es = Ds/
Ds, ., where Ds =1 - 1/S) and of Shannon-Weaver’s
diversity index (J = H"/H max, whereH max = Log, S), trophic
diversity index [T = 1/Z (p,)?, where p, = relative abundance
of one trophic group], the ratios of fungivore/bacterivore
(FF/BF) and of (fungivore+bacterivore)/plant parasite
[(FF+BF)/PP], and percentages of criconematids and of
dorylaimidsinthe population. Also, thethreeindexes[maturity
index (M1), plant parasitic index (PPI) and modified maturity
index (mMI1)] to measure soil disturbance were calculated by
thesameformula, Z v, x f. (where, v, = c-pvaluefrom 1 to5for
genus*“i”, and f, = relative frequency of genus“i”). The mMI
was applied to all soil nematodes, the M1 applied to al soil
nematodes except plant parasitic nematodes in Tylenchina,
Trichodoridae and Longidoridae, and the PPI only to these
plant parasitic nematodes. These measurements were then
compared with each other in the two sampling types. In the
temporal sampling, population fluctuations of thefivetrophic
groups and of the five most abundant genera were observed
for 12 months, and related to soil water content in each sample
and local annual precipitation.

RESULTS

In 295 soil samples (180 in the temporal and 115 in
the spatial samplings), 29,500 nematodeswereidentified, and
assigned to 53 genera (Table 1). The numbers of generawere
45infield 22, 48infield 20, and 47 infield 14, with atotal of 52
genera in the temporal sampling, in contrast with 40 in the
spatial sampling (Figure 1). Total abundance was 5,208
nematodes/kg of dry soil in the temporal sampling, and 5,539
in the spatial sampling. More than 70% of total abundance
belonged to five genera: Helicotylenchus (about 39%),
Acrobeles (15%), Cephal obus (9%), Meloidogyne (4%) and
Pratylenchus (4%). In the spatial sampling, plant parasitic
nematodes occupied more than 50% of relative abundance,
bacterial feeders 35%, and the rest consisted of omnivores,
fungal feeders and predators with less than 6% of each. The
soybean cyst nematode, H. glycines, was not found in both
samplings.

The values of ten measurements[Ds, H, Es, T, FF/BF,
(FF+BF)/PP, MI, PP, mMI and Dorylaimida (%)] were not
different between the temporal and the spatial samplings, but
thevauesof two indexes (d and J') were different (Table 2).

The curvesof soil water contentsin thethreetemporal-
sampling fildswere similar to each other. The soil water contents
reached the highest points (between 25 and 28%) in June,
dropped drastically to thelowest points (below 15%) in August,
September and October, thenincreased to about 25%in December,
and fluctuated tending to decline from March to May (Figure
2A). Precipitation waslow (25 to 75 mm/month) in April, May
and June, amost zero in July, August and September, and high
(90 to 200 mm/month) from October to March (Figure 2B).
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Nematode populations reached their highest peak in
June, the harvest month, and fluctuated at |ow and stablelevels
in the other months (Figure 3). The populations of plant
parasitic nematodes were high almost all year long, but
drastically droppedin Juneand July at the post harvest period
(Figure4). Theexact opposite occurred in populations of fungal
feeders. The bacterial feeders also remained relatively stable
at 24 to 36% in the most of time, but peaked to 35-45% in
December and January, strongly indicating their association
with soil humidity (about 25% soil water content) (Figure 2,
Table 3). The predators and omnivores population level swere
low and stable (below 10%) for the whole year, except for a
peak in predators of 10% in July that was possibly associated
with the high population of fungal feeders during this period
(Table3).

The population of Helicotylenchus spp. wasrelatively
abundant at high levels (over 30% of relative abundance) for
amost thewholeyear, but drastically dropped to 12%in May,
1994 and dlightly declined to 26% in January 1995 (Figure5).
The populations of Cephalobus spp. reached two peaks, in
April and in October, about 15% of relative abundance, and
fluctuated between 4 to 8% in the other months, whereas the
populations of Acrobeles spp. fluctuated between 9 and 18%
from March to October, but increased to 20-30% from November
to February. The populations of Meloidogyne spp. and
Pratylenchus spp. were at high levels (7.9 and 5.6%,
respectively) in April, but drastically dropped to 3-4% in May
and June. Meloidogyne spp. returned to its high level (7.3%)
in July and August, and afterward fluctuated between 4 and
6% until March. On the contrary, the population of
Pratylenchus spp. declined and maintained at low level (2-
3%) in the same period, but began to peak from 4.2% in
January to 7.6% in March.

Within the five trophic groups, strong relationships
were found between plant parasites and fungal feeders,
between plant parasites and predators, and between fungal
feedersand predators(Table 3). Within the five most abundant
nematode genera, high negative correlations were found
between Acrobel es spp. and Cephal obus spp., Helicotylenchus
spp. and Acrobeles spp., and Cephalobus spp. and
Pratylenchus spp. Soil water content was related positively to
bacterial feeders, Acrabeles spp. and Pratylenchus spp., and
negatively to plant parasites, Cephal obus spp. and Mel oidogyne
spp. Annual precipitation wasrelated positively to omnivores
and Acrobeles spp., and negatively to Cephal obus spp. and
Meloidogyne spp. The correlation among the other partners
waslow (<0.40). In general, nematodesin trophic groupsand
abundant genera were related more to soil water contents
than to annual precipitations.

DISCUSSION
In this study, there were not too many differences
between the two sampling types in the twelve measurements

for ecological assessment. The differences were only found
in generic richness (d) and evenness of Shannon-Weaver's
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TABLE 1 - Abundance and frequency of soil nematodes found in temporal and spatial samplings made on soybean (Glycine max)
fieldsin Brazilian Federal District

h Temporal sampling* Spatial sampling

TAXA tg(r)gu;c C-Pvalue Relative Absolute Relative  Absolute Frequency
abundance (%) Frequency (%)  abundance (%) (%)

Acrobeles BF 2 15.86 100 14.37 100
Acrobeloides BF 2 172 61.11 0.16 10.43
Akrotonus PR 5 0.26 17.78 0.01 0.86
Alaimus BF 4 0.62 33.89 0.10 8.69
Aphelenchoides FF, PP 2 0.39 18.33 1.10 46.96
Aphelenchus FF, PP 2 2.84 85.00 1.03 46.09
Aporcelaimellus OM, PR 5 0.45 22.78 0.24 15.65
Aporcelaimium OM PR 5 0.41 21.11 0.05 4.35
Aporcelaimus OM, PR 5 0.04 3.33 0.17 13.04
Carcharolaimus PR 5 0.06 3.33 0.35 10.43
Cephalenchus PP 2 0.01 11 -- -
Cephalobus BF 2 7.66 98.33 11.76 99.13
Chiloplachus BF 2 0.44 28.89 0.11 8.70
Chromadorita FF 3 0.02 1.67 0.01 0.87
Coslenchus PP 2 0.01 0.56 0.02 0.87
Crassolabium PR 4 0.03 2.78 -- -
Criconemella PP 3 0.01 0.56 -- -
Diphtherophora FF 3 0.21 15.00 0.15 8.69
Discolaimoides PR 4 0.11 7.78 -- -
Discolaimus PR 4 0.31 20.56 0.33 11.30
Ditylenchus FFPP 2 0.51 30.56 1.16 47.82
Dorylaimoides oM 4 3.58 85.00 1.77 63.48
Dorylaimus oM 4 0.03 2.22 0.02 173
Ecumenicus PR 4 0.13 12.22 0.03 4.34
Enchodelus oM 4 0.03 2.22 -- --
Eucephal obus BF 2 2.97 86.67 2.88 65.22
Helicotylenchus PP 3 38.17 100 40.25 100
Labronema PR, OM 4 0.42 22.22 0.92 48.70
Laimydorinae OM 4 1.05 45.00 0.44 25.22
Latocephalus BF 2 0.07 6.11 0.19 6.95
Lelenchus PP 2 0.02 2.22 -- -
Malenchus PP 2 -xx -- 0.06 5.21
Meloidogyne PP 3 5.66 97.78 3.23 59.13
Mesodorylaimus oM 4 0.42 14.44 0.23 8.70
Mononchus PR 4 0.12 7.78 0.20 11.30
Monhystera BF 1 0.24 13.33 -- --
Nygolaimoides PR 4 0.20 16.11 -- -
Paraxonchium OM, PR 5 0.63 30.56 0.43 25.22
Plectus BF 2 0.02 1.67 -- --
Pratylenchus PP 3 4.02 93.33 4,92 91.30
Prismatolaimus BF 3 0.04 3.89 0.34 17.39
Prodorylaimium oM 4 0.04 2.78 -- --
Qudsianematinae PR, OM 4 1.69 66.67 1.23 53.91
Rhabditis BF 1 2.10 75.00 5.82 92.17
Teratocephalus BF 3 0.12 9.44 0.02 0.86
Thonus PR, OM 4 3.97 78.33 221 73.04
Thorneella PR 4 0.47 27.78 0.18 10.43
Tobrilus PR, OM 3 0.02 1.1 -- --
Trichodorus PP 4 0.69 30.00 181 26.09
Tylencholaimus FF 4 0.42 18.33 -- --
Tylenchus FF, PP 2 0.68 3111 1.65 66.09
Unidentified genus 1*** oM 4 1.05 45.00 0.44 25.22
Unidentified genus 2 BF 1 0.02 1.67 0.06 0.87
Unidentified genus 3 oM 4 0.01 0.56 - --
Total abundancett 5208 5539
Total frequency 180 115
Total taxa 52 40

*Thetempora sampling was made monthly in three different fieldsfor 12 months, and the spatial sampling was done oncein 23 different fields during
March-April; ** Nematodes not found; *** Unidentified genus 1 belonged to L aimydorinae, unidentified genus 2 to Diplogasteridae, and unidentified
genus3to Lordellonematinag;

#Tota abundance = number of nematodes/kg of dry soil.
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23different fields

3 5 7 9 11 13 15 17 19 21 23
No. of Fields or Months

FIG. 1- Relations between accumul ated numbers of nematode genera
and numbers of sampling fields (23 fieldsin the spatial sampling) or
months (three fields for 12 months in the tempora sampling). The
samplingswere conducted in the major soybean (Glycine max)-growing
region of the Brazilian Federal District, 1994-1995.

index (J) that were higher in the temporal sampling thaninthe
spatial one. There were more genera found in the temporal
sampling (52 genera) thanin the spatial sampling (40 genera).
To reach 40 genera, 20 different fields were needed in the
spatial sampling, and six monthly samplingsinfield 20, seven
in field 14, and ten in field 22. Thirteen rare genera (less
than 0.5% of total abundance) were found in the temporal
sampling only, including three plant parasites, two bacteria
feeders, onefungal feeder, and seven predators and omnivores,
only one genus (Malenchus) wasfound in the spatial sampling.
Thisindicates that more rare nematodes surviving in narrow
niches or small patchesin limited month(s) could befound in
thetemporal sampling than in the spatial sampling.

The ratio FF/BF is an indicator of food chain
decomposition (Sohlenius& Sandor, 1987). Neher & Campbell

(1994) measured theratio at 0.11 for an annual soybean crop,
and 0.21 for aperennia plant, tall-fescue. Freckman & Ettema
(1993) estimated 0.54, and McSorley & Frederick (1996) 0.18-
0.27 for soybean. Bostrom & Sohlenius (1986) found the
abundance of bacterivores|ower inannual crop than perennial
plants, and Neher & Campbell (1994) considered thevariation
of abundance higher in bacterivores than in fungivores. In
our study, theratio of FF/BF in soybean plantationswas 0.10
+0.04 inthe spatial sampling, and 0.30 + 0.30 in the temporal
sampling. The high variationsin the temporal sampling were
attributed to high abundance of fungivores in June and July,
and of bacterivoresin December and January. It suggests that
the high abundance of fungivores was related to the
degradation of root tissues by fungi after harvest, and of
bacterial feeders related to the high population of bacteria
during the rainy season.

Neher & Campbell (1994) found PPl = 2.82 for
soybean plantations, whereas Freckman & Ettema (1993)
reported PPl = 2.51 and MI = 1.78 in soybean fields. The low
indicesindicate large numbers of colonizers (short life cycle,
high reproductive ratio and tolerance to environmental
disturbance), whereas the high indicate a high degree of
persistencein the population (long life cycle, low reproductive
ratio and sensitivity to environmental change). In this study,
PPI were 2.62 in the spatial sampling and 2.72 in the temporal
sampling. But M1 were higher (2.95 and 3.10in the spatial and
temporal samplings, respectively) than those previously
reported, indicating that these sampling fields were less
disturbed than the fields studied by Freckman & Ettema(1993),
probably dueto shorter history of soybean plantationin PAD/
DF than the experimental fieldsin the United States.

The population of dorylaimids in the nematode
community was sensitive to agricultural practices (plowing,
fertilizers and pesticides), and was therefore used as an
indicator of environmental disturbance (Thomas, 1978;
Sohlenius & Wasilewska, 1984). A high percentage (>25%)
of dorylaimids indicates less human intervention in the field,

TABLE 2 - Measurements of spatial and temporal samplings on nematode communitiesin soybean (Glycine max) fieldslocalized in PAD/DF

M easur ement

Spatial sampling#

Temporal sampling

Genus richness (d)

Simpson’sdiversity index (Ds)

Shannon-Weaver's diversity index (H')

Evenness of Shannon-Weaver’sindex (J)

Evenness of Simpson’sindex (Es)

Trophic diversity index (T)

Fungivores/bacterivores (FF/BF)
(Fungivorest+bacterivores)/plant parasites ((FF+BF)/PP)

Maturity index (MI)

Plant parasitic index (PP!)
Modified maturity index (mMI)

Dorylaimida (%)

3.21+ 0.45 (2.57-4.56)*$

0.77 + 0.06 (0.55-0.87)
0.87 + 0.06 (0.75-0.99)
0.62 + 0.05 (0.53-0.70)$
0.81 + 0.05 (0.69-0.89)
2.38+0.21 (1.73-2.63)
0.10 + 0.04 (0.03-0.19)
0.78 + 0.28 (0.29-1.68)
2.95 + 0.15 (2.67-3.34)
2,62+ 0.11 (2.45-2.86)
2.92+0.11 (2.67-3.16)
9.19 + 2.36 (5.0-14.20)

5.03 + 0.52 (3.97-6.10)
0.78 + 0.05 (0.63-0.86)
0.93 + 0.08 (0.73-1.10)
0.85 + 0.08 (0.66-1.00)
0.82 + 0.05 (0.66-0.89)
2,90+ 0.53 (2.41-4.13)
0.30 + 0.30 (0.02-1.58)
1.07 + 0.68 (0.31-2.71)
3.10 + 0.22 (2.67-3.60)
2.72+0.12 (2.56-3.09)
3.01 + 0.18 (2.63-3.40)
15.16 + 5.92 (6.40-34.80)

“Spatial sampling was made oncein 23 fields during March-April, 1994, and temporal sampling donemonthly in3

fieldsfor 12 months (April, 1994-March, 1995).
*average + standard deviation(minimum-maximum).
% not overlapped at the values of average+ standard deviation in the two sampling types.
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FIG. 3- Soil water contents (A) collected monthly from three soybean
(Glycine max) fields in the temporal sampling for 12 months, and
local precipitation record (B) in the PAD/DF, the major soybean-
growing region of the Brazilian Federal District.

whilealow percentageindicatesthe contrary. Inthiswork, the
percentages of dorylaimids in the nematode community were
inconsistent. The percentages in some fields were as high as
34.8%, possibly because the fields had only recently been
cultivated with soybean from native vegetation. Somewereas
low as 5%, indicating that the cultivation had been going on
for a long time. Most of criconematids (superfamily
Criconematoidea) are sedentary ectoparasitesthat are sensitive
to environmental disturbance such as plowing. That is why
they generaly show high populations among perennia plants
such asfruit trees, forest plants and wild vegetation, and low
populationsin cultivated annual plants (Cares & Huang, 1991).
In the present study, only one individual of Criconemella sp.
was found in all the samplings, confirming past results.

In this study, three plant parasitic genera,
Helicotylenchus, Meloidogyne and Pratylenchus, were
considered to be the most important plant parasites in the
region of PAD/DF. The root-knot nematodes, mostly, M.
javanica (Treub) Chitwood, 1949 and M. incognita (Kofoid &
White) Chitwood, 1949, are well known as the most
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economically important nematodes in soybean yield
productionin thetropical region (Sasser, 1979). Pratylenchus
spp., an aggressive migratory endoparasite, isthe second most
important plant parasitic nematode in this region.
Helicotylenchus spp. [some identified as H. dihystera (Cobb,
1893) Sher, 1961] is the most abundant (20-66% of total
abundance) and the most frequent nematode (found in all
samples) inthisregion, and is expected to cause somelevels
of yield loss, although its pathogenicity in soybean has not
been proved. Other plant parasites were also found, but their
population levels were quite low, and might not play an
important role in soybean yield reduction.

In general, nematode population drastically declined
in July and August, since the nematode community was
constituted mainly of plant-parasitic nematodesthat significantly
dropped their populations in the final growing cycle of
soybean. The low population of plant parasitic nematodesin
June and July coincided with the post-harvest period. The
population quickly grew in August, mostly due to the
populations of Meloidogyne spp. and Helicotylenchus spp.
that could survivewell with grasses and broad leaf weeds. The
next decline coincided with the final dry season (Septembey),
with weed host removal in October and with little root growth
in the seedling period from November to January. After this
period, their populationsfluctuated with atendency toincrease
until May, thefinal growing cycle, with an abundance of root
biomass possibly contributing to the increase.

The plant parasitic nematode Helicotylenchus spp.
showed very high populationsduring all study periods. There
were many juveniles after the harvest of soybean, possibly
indicating that a high number of eggswere hatching at the end
of soybean cycle. Populations of root-knot nematode,
Meloidogyne spp. increased after the harvest in July and
August. Similarly, high populations of M. javanica werefound
after the end of the growing cycles of okra [Abelmoschus
esculentus (L.) Moench] and carrot (Daucuscarota L .), which
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FIG. 4 - Population fluctuations of five trophic groups collected
monthly from three soybean (Glycine max) fields for 12 monthsin
the temporal sampling, where plant parasites (PP), fungal feeders
(FF), bacteria feeders (BF), predators (PR) and omnivores (OM).
The samplings were conducted in PAD/DF, the major soybean-
growing region of the Brazilian Federal District.

Huang & Porto (1988) attributed to a high degree of egg
hatching from the egg masses. Soon after egg hatching, the
population decreased drastically as available roots quickly
decreased. The population of Pratylenchus spp., the migratory
endoparasitic nematode, gradually decreased from April to
September, maintained alow populationlevel until December,
that began to increase from January through March, coinciding
with the growing soybean root system. Soil water contents
played animportant rolein population fluctuation, negatively
influencing Meloidogyne spp., positively influencing
Pratylenchus spp., and having less of an affect on
Helicotylenchus spp. (Table 3).

Species of Acrobeles and Cephal obus were the most
abundant and frequent bacterial feedersin soybean cultivated
soil. From the population fluctuating curve, Acrobeles spp.
were more abundant than Cephalobus spp., in almost all
months. The population of Acrobelesspp. declined from May
to October, the post harvest period and during al of the dry
season, and peaked in the rainy season, from November to
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FIG. 5 - Population fluctuations of Helicotylenchus spp., Acrobeles
spp., Cephalobus spp., Meloidogyne spp. and Pratylenchus spp.
collected monthly from three soybean (Glycine max) fields in the

tempora sampling for 12 months in PAD/DF, the major soybean-
growing region of Brazilian Federal District.

March, whereas that of Cephalobus spp. maintained a stable
level al year around, except for apeak in October, thelast dry
month with the lowest soil water content (below 15%), and
showed itslowest level in February, one of the wettest months.
Also, soil water contents were related positively to Acrobeles
spp. (r =0.67) and negatively to Cephalobus spp. (r =-0.62).
The above facts indicate that Acrobeles spp. adapted well in
wet soil (over 17%), whereas Cephal obus spp. survived better
in dry soil (below 15% of soil water content), thus showing a
negative correlation (r = -0.62) between the two nematodes.

The influence of soil water contents and annual
precipitation on nematode populations has been well
documented (Norton, 1978). Soil water content was mostly
from annua precipitation because al soybean fields in the
PAD/DF were not irrigated. But both showed alow degree of
relationship to each other (r = 0.38), possibly due to soil
texture being red latossol characterized by low capacity of
water retention. It may explain why therewere higher relations
between soil water contents and nematodes than these between
annual precipitation and nematodes.
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TABLE 3 - Correlation coefficient® among the abundance (%) of thefivetrophic groups (A), and of the five most abundant nematodes (B) with
soil water content, and precipitation, in three soybean (Glycine max) fields from PAD/DF, the Brazilian central region during 1994-1995

A PP& BF PR OM soil water content
BF -0.39 1

FF -0.93* 0.13

PR -0.63* -0.29 0.62* 1

OM -0.08 -0.46* 0.47* 1

soil water content -0.48* 0.54* 0.04 -0.02 1
precipitation 0.07 0.09 0.07 0.48* 0.38

B Helicotylenchus Acrobeles Cephalobus Meloidogyne Pratylenchus soil water content
Acrobeles -0.60* 1

Cephalobus 0.12 -0.62*

Meloidogyne 0.19 -0.07 1

Pratylenchus -0.06 0.25 -0.56* -0.19 1

soil water content -0.29 0.67* -0.62* -0.41* 0.48* 1
precipitation -0.12 0.65* -0.41* -0.24 0.31 0.38

& results of 36 pairs of data in the analyses of Pearson’s correlation coefficient.
# PP = plant parasites, BF = bacterial feeders, FF = fungal feeders, PR = predator, and OM = omnivores.

* p < 0.05.

In conclusion, the results of most of the ecological
measurements from the two sampling typeswere not different,
except that the temporal sampling detected more rare
nematodes than the spatial sampling did. Three plant parasite
genera (Helicotylenchus, Meloidogyne, and Pratylenchus)
and two bacterivores (Acrobel es and Cephal obus) dominated
nematode communities, and H. glycines were not found in
this region. The population fluctuation of plant parasitic
nematodes was connected with plant growth in fields. The
fluctuation of bacterivoreswas related to periodic changes of
soil water content, and that of fungivores were associated
with fungal root decomposition in soil. Annual population
patterns of the five genera were related to seasona changes
of soil water contents and to soybean growing and fallowing
periods, in which Acrobeles spp. and Pratylenchus spp.
populated moreinwet soils, Cephal obus spp. and Meloidogyne
spp. adapted well in dry sails, but Helicotylenchus spp. survived
abundantly in wide ranges of soil moisture.
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