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ABSTRACT: Nematodes can be associated with the
soil ecological condition, thus being associated with this
sustainability condition of agricultural production. Studies of
their diversity can be applied with the purpose of using them
as bioindicators of environmental changes and the productive
impacts. However, these organisms have been neglected in
the agroecosystems, only assuming status of pathogen when
their population is very high, with considerable losses in
productivity. It is estimated that approximately 10% of the
nematodes cause damage to plants, 25% are nematodes
grouped into trophic levels of fungivores or fungal feeders,
bacterivorous, and omnivores, according to the type of their
food. In many cases it is not known the ratio of population
level of the nematode with the level of damage in plants. For
this reason, the use of pesticides and fertilizers is still part of
the most common practices by farmers, causing loss of soil
organic matter, soil erosion and groundwater contamination,
in addition to an imbalance in the microbiote. The objective
of this work was to make a brief review about the diversity of
nematodes in the soil in the agroecosystems that can be used
in studies of sustainability, as soil quality bioindicators. Several
species of nematodes have the potential to be used as biological
indicators of soil quality. In this sense, the knowledge and use
of bioindicators by rural producers are important, in order to
encourage practices of sustainable management systems that do
not cause the soil biodiversity imbalance.
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RESUMO: Nematoides podem ser associados com a condigio eco-
16gica do solo, relacionando-se assim a condicio de sustentabilidade
da produgio agricola. Estudos da sua diversidade podem ser aplica-
dos com a finalidade de utilizd-los como bioindicadores de alteragées
ambientais e dos impactos produtivos, contudo esses organismos
tém sido negligenciados nos agroecossistemas, somente assumindo
status de patégeno quando sua populagio se encontra muito elevada,
com acentuadas perdas em produtividade. Estima-se que aproxima-
damente 10% dos nematoides causam danos as plantas, 25% sao
nematoides agrupados nos niveis tréficos de fungivoros ou micéfagos,
bacterivoros e onivoros, de acordo com o tipo de sua alimentagio.
Em diversos casos nao se conhece a relagio do nivel populacional do
nematoide com o nivel de dano nas plantas. Por esse motivo, o uso
de pesticidas e fertilizantes ¢ ainda uma prética comum por parte
dos agricultores, ocasionando perda de matéria orginica do solo,
erosio e contaminagio das dguas subterrineas, além de desequili-
brio na microbiota. O trabalho teve como objetivo fazer uma breve
revisio sobre a diversidade de nematoides no solo em agroecossiste-
mas que podem ser utilizados em estudos de sustentabilidade, como
bioindicadores da qualidade do solo. Diversas espécies de nematoi-
des apresentam potencial para serem utilizadas como indicadores
biolégicos da qualidade do solo. Nesse sentido, o conhecimento e
o uso de bioindicadores pelos produtores rurais sao importantes,
no sentido de incentivar praticas de manejos sustentdveis que nao
ocasionem o desequilibrio da biodiversidade do solo.
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INTRODUCTION

Currently, it has been of great interest for researchers and
farmers to evaluate the soil properties and know what are
the effects of management practices on soil quality, since it
is a mactter that is directly related to the sustainability of the
agroecosystems functions (SCHOENHOLTZ et al., 2000).

In comparison to many natural ecosystems, the agroeco-
systems receive numerous human actions that may cause seri-
ous fauna and flora disruption. Practices such as soil prepa-
ration and use of fungicides, insecticides, nematicides and
herbicides can result in a decrease in soil microbial diversity
(TIMPER, 2014).

Due to the great interest in studies on the soil qual-
ity, the edaphic fauna has been used as an indicator of this
quality (ROVEDDER et al., 2004). To monitor and evalu-
ate the soil changes, biological indicators of environmen-
tal quality have been utilized in the agroecosystems, due to
their high sensitivity and ability to reflect the effects of soil
management (BENINTENDE et al., 2008; KASCHUK
etal., 2011).

Despite it is not recent, the discussion about the use of
indicators has been gaining attention on what are the most
effective parameters to assess the impact of the agricultural
use of the soils. In practical terms, farmers use “empirical”
indicators, such as the presence of certain plants, insects,
worms, among others, in addition to the analysis of the soil
chemical fertility, presence of erosion on the property, organic
matter content in the soil and soil compaction (KARLEN
et al., 2003). In the scientific community, in addition to
these parameters, the microbial activity evaluations appear,
such as the soil respiration and the use of carbon sources, as
well as the size and diversity of macro and microorganisms
(TURKISH; BLUME, 1999).

To understand the soil management in agroecosystems,
the knowledge on the concept of soil quality is fundamen-
tal. According to WEIL; MAGDOFF (2004), the soil qual-
ity is its ability to work within the limits of the ecosystem
to sustain biological productivity, maintain environmental
quality and promote plant and animal health, which can
be measured through valuable indicators of soil alterations,
such as the invertebrate microorganisms, because they are
sensitive to changes in the soil conditions (NAHMANT;
LAVELLE, 2002).

Under this perspective, it is essential to choose a mini-
mum set of indicators that have the traits such as simplicity,
ease of evaluation, use of the largest possible number of habi-
tat (types of soil), highly sensitive to environmental changes,
to soil and climate management and be measured by quan-
titative and/or qualitative methods (FRIEDMAN, 2001;
SAVIOZZI et al., 2001).

In the literature there are some works in that biological
indicators were used to assess the effect of agricultural practices

on soil quality (ARAUJO; MONTEIRO; ABARKELI, 2003;
ARAUJO; MONTEIRO, 2006; 2007; D’ANDREA et al.,
2002; MOREIRA; MALAVOLTA, 2004; SANTOS et al.,
2004; MELERO et al., 2006).

According to KENNANDDEY; STENBERG (1999),
the use of microbial community of the soil as a quality indi-
cator is due to the dynamic nature of soil microorganisms and
to the fact that its activity reflects the joint influence of all the
factors that regulate the organic matter degradation and the
nutrients transformation.

Furthermore, the microorganisms play essential functions
in the soil structuring processes, humus formation, nitrogen
biological fixation, mycorrhizal associations, nutrients solu-
bilization for the plants, pathogens reduction and plants’
pests, persistent compounds degradation applied to the soil
and other changes in the soil properties that affect the plant
growth (KENNEDY; PAPENDICK, 1995; KENNEDY;
SMITTH, 1995).

In this sense, it is highlighted the use of nematodes as
dynamic indicators of environmental conditions due to reflect-
ing changes in the successional stages of natural systems and in
the managed agroecosystems (BONGERS, 1990; ETTEMA;
BONGERS, 1993; FERRIS etal., 2001; YEATES; BONGERS,
1999; SCHLOTER et al., 2003). Nematodes belong to the
animal kingdom, phylum Nematoda. They are usually micro-
scopic organisms (EKSCHMITT et al., 2001), are sensitive
to environmental factors and changes in their activity and
distribution. These aspects are fundamental to assess changes
in soil quality (BONGERS; FERRIS, 1999; EKSCHMITT
etal., 2001; FERRIS et al., 2001; FISCUS; NEHER, 2002;
GUPTA; YEATES, 1997; NEHER, 2000; RITZ; TRUDGILL,
1999; YEATES, 2003).

According to HEGER et al. (2012), the standards of
soils monitoring and interpretation through soil quality indi-
cators can be measured through physical, chemical and bio-
logical processes.

SPELLMAN; DRINAN (2001) point out that the char-
acterization of an environmental system based on chemical
parameters only provides information about the quality of
the environment at the time of measurement, not being pos-
sible to measure the impact of the successional events of the
ecosystem. Among the various indicators of soil quality, the
use of information contained in the biological processes rep-
resents a powerful approach to assess and interpret the impact
of natural or anthropogenic disorders in the soil ecosystems.
Living organisms can provide information about the cumu-
lative effects of environmental changes.

Thus, knowledge on the diversity of these organisms
in natural soils and soils in use under different production
systems can be a very useful tool to determine a sustain-
able agriculture.

Because there are only a few studies that report on the
biodiversity of soil microbiota, this work aimed to make a
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brief review about the diversity of nematodes as biological
indicators of soil quality in agroecosystems. Such informa-
tion is fundamental, so more sustainable measures can be

developed and used.

IMPORTANCE OF SOIL
NEMATODES IN AGROECOSYSTEMS

Agroecosystems are generally characterized by periodic pertur-
bations in the soil, such as the use of pesticides and fertilizers
which hinder the natural succession. Each of these disorders
has a specific effect, which can result in decreased diversity
(TIMPER, 2014).

Soil management practices, such as no-tillage farming,
crop rotation and organic matter addition, also alter the soil
structure (KUSHWAHA et al., 2001; SIX et al., 2000) and
strongly influence the faunal communities’ abundance and
diversity (BRIAR et al., 2007).

Due to the nematodes responding quickly to changes in
food availability, it is possible, based on the analysis of tro-
phic level, to measure the abundance and diversity of these
organisms in the environment (DIEMONT; MARTIN,
2005). For example, studies performed by Leroy et al. (2007)
showed that areas with maize production which received
organic fertilizer and cattle dung for seven years had lower
abundance of plant parasitic nematodes of genus Pratylenchus
and a small number of species of the family Tylenchidae.
In contrast, in this same area it was verified that the popu-
lation of bacteriophage nematodes belonging to the family
Rhabditidae was higher.

According to PORAZINSKA et al. (1999), nematodes
belonging to the family Rhabditidae, as stringent colonizers,
seem to be affected predominantly by sudden increases in food
sources. However, nematodes of the genus Cephalobus, char-
acterized for not being such strong colonizers, would respond
more to a combination of factors such as abundance and types
of food, effects of organic matter in the soil, temperature,
moisture and natural characteristics of the soil.

PFOTZER; SCHULER (1997) and FORGE et al.
(2003) showed that the organic compound application favors
higher soil biological activity with increase of the number of
protozoa bacteriophage nematodes, resulting in a significant
volume of organic matter and release of nutrients available
for the plants.

It must be taken into account that the effect of organic
alterations in phytoparasite nematodes depends on the specific
type of organic matter, the proportion of carbon and nitrogen
sources, which and how many possible antagonist nematodes
present in the organic fertilizer and the application period of
organic compounds (BONGERS; FERRIS, 1999).

In the United States, the communities of nematodes
in natural ecosystems and agroecosystems (areas in the crop

rotations diagrams), were studied under different levels of
anthropic intervention (FRECKMAN; ETTEMA, 1993).
In natural systems, the highest values for richness of taxa and
diversity were determined. Bacteriophage nematodes pre-
dominated in all areas, while the microphages prevailed in
the native vegetation systems, and the parasitic nematodes
were less abundance in the area of crops where organic farm-
ing was practiced.

GOULART; FERRAZ (2003) compared the trophic
diversity of an area of native vegetation of the cerrado with an
area originally from cerrado where perennial crop was estab-
lished (guava tree Psidium guajava 1.) and with a cerrado area
which for years had been cultivated with annual crop (maize
Zea mays L.). The authors observed that the removal of native
vegetation from the cerrado and the implementation of guava
and maize cultivations influenced the communities of nem-
atodes in the areas sampled, resulting in a reduction in the
relative abundance of predators or omnivores and lower tro-
phic diversity.

In Brazil, a study carried out by TORRES et al.
(2006), in areas cultivated with melon plant in Braunas,
Rio Grande do Norte State, presented low abundance of
nematodes belonging to the family Dorylaimidae, common
in annual crops areas, reflecting the high level of disorder
caused by the long monoculture of cotton plant, previ-
ous to the melon cultivation. The high population levels
of bacteriophages and phytoparasites in relation to other
trophic groups found and the low abundance of predators
confirm the type of exploitation of the area, annual cul-
tivation. According to the same authors, the short period
of fallow period which the areas were submitted in the
off-season did not re-establish the nematofauna balance,
which presented low levels of population of omnivores
and predators.

According to GOMES et al. (2003), the population of
Dorylaimidae in the community is sensitive to the cultural
practices and can thus be used as an indicator of environ-
mental disorder. A high percentage of Dorylaimidae (>25%)
represents little human intervention in the field, while low
percentage, the contrary.

In the United States, the trophic diversity and maturity
indices of soil communities were compared occurring in five
areas of agricultural production performed on “conventional”
systems with the use of chemical inputs, and “organic”, with-
out the use of chemical inputs (NEHER, 1999). The crops
grown in the studied areas were cereals and vegetables, mainly.
The ecological indexes used did not allow, in general, dis-
crimination between the communities of nematodes from
the two cultivation systems. In view of such verification, it
is concluded that, contrary to what might be assumed, the
soils under organic management should not be considered,
necessarily, as suitable reference environments, not always
being feasible to be used in studies that aim to evaluate the
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measurement compared of biological quality between the soils
from different ecosystems.

PAVAO-ZUCKERMAN; COLEMAN (2007) evalu-
ated the functional composition and the nematodes com-
munity structure associated with the use of the urban soil.
These authors observed that the abundance of omnivore-
nematode-predators tends to decrease as the use of urban
soils increases. In this context, NILES; FRECKMAN (1998)
emphasize that omnivore-predator nematodes, such as the ones
from the orders Dorylaimida and Mononchida, are associ-
ated with stable environments, in higher abundance in more
established communities.

In the research performed by VAID et al. (2014) on the
diversity of species of nematodes that live in the Poonch for-
est, in India, the authors found a higher richness and abun-
dance of bacteriophages nematodes, belonging to the fam-
ily Rhabditidae, followed by the orders Dorylaimida and
Mononchida. This shows that at the Poonch forest, in the
cities of Jammu and Kashmir, India, less environmental dis-
orders occur in the region, since the organisms identified of
the orders Dorylaimida and Mononchida may be more sensi-
tive than other groups of nematodes to environmental changes
and physicochemical conditions of the soil.

NEMATODES AS
INDICATORS OF SOIL QUALITY

The nematodes are the most abundant organisms in the animal
kingdom (BONGERS; BONGERS, 1998) living in various
populations that constitute the communities. The diversity
and structure of nematodes community can be influenced by
several factors, having great importance to its association with
food sources and with the soil microbiota.

Five groups of nematodes in the soil according to YEATES
etal. (1993) are distinguished basically, namely: phytoparasite,
phytophagous, or those that feed on vascular plants; fungivorous
or mycrophages, those who have as a source of food hyphae
of saprophytic fungi, piercing them with a small knife; bac-
teriophages, which have as food basis any Prokaryotic source;
carnivores or predators, feeding on soil invertebrates (protists,
rotifers and other nematodes); and omnivores, which feed on
animal and vegetable source.

There are about 25,000 species of nematodes known.
Out of these, 35% lives in the soil, and approximately 10%
parasites plants, being able to infect all the parts. Estimates
indicate that the phytoparasite nematodes are, on average,
responsible for 13% of losses at the global level in agricultural
systems. More than three billion of nematodes can exist in
0.4 ha of land, and, although many species occupy the first
30 cm of soil, some of them are more common at more ele-
vated depths. Many species are important in agriculture, due
to the damage caused to production, and others, of free life,

exactly by its beneficial effect to agriculture (RITZINGER;
FANCELLI, 2000).

According to TURCO; BLUME (1999), the opera-
tion of soil microorganisms can serve as a sensitive biologi-
cal marker for the understanding of stability within a given
system. This strategy is quite useful, since it eliminates the
need to study all individuals from the biological community.

Several characteristics of soil nematodes make them good
candidates as bioindicators of processes of an ecosystem.
The nematodes have the most important attributes of a bio-
indicator in perspective (CAIRNS et al., 1993): abundance
in virtually all the environments, diversity of life strategies
and feeding habits (YEATES et al., 1993), short life cycles
and relatively well defined sampling procedures.

Some factors may determine the nematodes community
composition, for example, the exchanges in food chain in the
soil (RITZINGER et al., 2010), the effects of soil acidity cor-
rection (RATY; HUHTA, 2003), recovery of disturbed areas
(YEATES etal., 1991; ETTEMA; BONGERS, 1993), varia-
tion in plant density per area (McSORLEY; FREDERICK,
1996), the level of plant cover (FRECKMAN; HUANG, 1998)
and the use and soil management (FRECKMAN; ETTEMA,
1993; NEHER, 1999).

In addition, the nematodes play an important role in nitro-
gen mineralization and through decomposition processes of
organic matter, allow to identify reference systems (NEHER,
2001), due to variations in the nematofauna abundance and
composition becoming an important tool to define the gen-
eral conditions of the soil (YEATES et al., 1999).

In the soil, the nematodes live in the capillary water in
direct contact with their microenvironment. They do not
migrate rapidly from stressful circumstances and many spe-
cies survive to dehydration, freezing or the stress of oxygen
(although others are more sensitive). The community struc-
ture is indicative of conditions on the horizon of soil in which
they dwell. The nematodes occupy strategic positions in pho-
toreceptor chains of food, feeding on soil organisms and serv-
ing as food for many others (BONGERS; FERRIS, 1999).

Also the nematodes respond rapidly to disorder and
to enrichment, the increasing microbial activity leads to
changes in the proportion of bacterial feeders in a commu-
nity (BONGERS; FERRIS, 1999).

The increase of bacteriophage nematodes, for example,
is directly associated with the organic matter decomposition,
by the intake of saprophytic microbes and a higher rate of
organic matter decomposition (EKSCHMITT etal., 2001).
Among the bacteriophages, the dominating taxonomic groups
belong to families Cephalobidae, Rabditidae and Plectidae.
The members of the family Cephalobidae are abundant in all
types of soil, the Rabditidae ones respond quickly to growth
in organic resources, and the Plectidae ones are found in
greater number under stress conditions or soil degradation
(YEATES, 2003).
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The populational dynamics of microbiophage nema-
todes (fungivorous and bacteriophages) tend to synchronize
with those of microorganisms of which these nematodes
feed on (MIKOLA, 1998). Thus, fungivorous and bacte-
riophage nematodes affect the fungi and bacteria activity,
consequently also affecting the processes performed by these
microorganisms. In several environmental conditions, the
microbiophage nematodes contribute directly and indi-
rectly to the organic matter decomposition process, even
raising carbon mineralization rates (breathing) and other
nutrients (BARDGETT; CHAN, 1999; FERRIS et al.,
1998; MIKOLA; SETALA, 1998; CHEN; FERRIS, 1999;
LAAKSO; SETALA, 1999).

It is estimated that almost 40% of the nutrients diges-
tion is due to nematodes and other soil organisms that feed
on microorganisms (YEATES, 2003). Studies performed by
BEARE (1997) showed that the contribution of nematodes
on nitrogen mineralization varies between 8 and 19% in the
conventional management systems and integrated pest man-

agement, respectively.

MEASUREMENT OF THE
NEMATODES COMMUNITIES

The importance and the awareness of the nematodes use in
the soil, as biodiversity and sustainability indicators, have
been increasingly exploited (NEHER, 2001; YEATES, 2003;
LIANG et al., 2009).

The main parameters studied in order to characterize the
soil invertebrate communities are: species abundance and
diversity NAHMANI; LAVELLE, 2002; SATTLER et al.,
2010). However, such parameters themselves do not explain
the effects of pollution in the environment. Therefore, some
ecological indexes have been proposed, as, for example, the
maturity index (IM) (BONGERS, 1990), structural index
(IS), enrichment index (IE) and channel index (IC) (FERRIS
etal., 2001; FERRIS; MATUTE, 2003), diversity indices of
Shannon-Weaver, of dominance of Simpson, of uniformity
of Pielou (PARISI et al., 2005).

These indices facilitate the conceptual interpretation and
analysis of the nematodes community compared to changes
in the environment (KALKHORANA; AHANGARB, 2014).
Furthermore, according to MONDINO et al. (2009), when
the analyses are used in combination, they reveal descriptive
and qualitative information on the soil nematode commu-
nity and the conditions of the natural and/or agricultural
systems conditions.

The maturity index (BONGERS, 1990) is used as an
indicator of the ecological succession in which a community
of nematodes is found and as a measure of the environment
disorder. To obtain this index, “colonizers” are considered
the nematodes that have rapid increase of population under

favorable conditions, have a short life cycle, high capacity for
colonization and increased tolerance to disorder or environ-
mental disturbances. “Persistent” are those which have low
reproductive rates and long life cycle, low capacity for colo-
nization and higher sensitivity to the environment distur-
bances. Based on these characteristics, a scale of values was
created from 1 to 5, called c-p, being the closest to 1 related
to colonizer nematodes and the ones closest to 5 the persis-
tent nematodes.

The c-p values are used for determining the maturity
index, which is calculated taking into account only the free-
living nematodes, and not the plants parasites. Low and high
c-p weights will correspond to the relatively tolerant and sen-
sitive 7ate to ecological disorder, respectively, and according
to GOMES et al. (2003), low rates indicate a large number
of colonizers (short life cycle, high reproductive rate and tol-
erance to environmental disorder), while high levels indi-
cate a high degree of persistence in the population (long life
cycle, low reproductive rate and sensitivity to environmental
change). There is also an “index of plants parasites”, which
considers only the phytoparasite nematodes and is calculated
in the same way (BONGERS, 1990).

According to FERRIS et al. (2001), the enrichment
index (EI) indicates the response of the primary decom-
poser organisms to the available resources, whereas the
structural index (SI) suggests the status of trophic chain
affected by stress or disorder. The channel index (IC) is an
indicator of fungal or bacterial decomposition path prev-
alent in the soil.

For the analysis of species diversity, the following are
used: the index of Shannon-Weaver (H’), which gives greater
weight to the rare species; The Simpson index (Ds), which
gives more weight to common species; and the index of uni-
formity of Pielou, which determines the equitable portion
of diversity, how the individuals are distribute in the current
rates (FERRIS et al., 2001).

At the agrarian ecosystems, the maturity index (MI)
was used to differentiate between different soil preparation
regimes. The frequency of the soil disorder is related inversely
to the value of MI, but positively correlated with the plant
parasite (PPI). The inverse relation between the PPI and the
MI is apparent in its response to the applications of ammo-
nia, fertilizers of nitrate and sewage water. The common fac-
tor in such studies is the soil enrichment. The enrichment
stimulates microbial activity and subsequent succession,
which is reflected within an initial decrease in MI followed
by its gradual increase. The enrichment also increases the
capacity to sustain nematodes that feed on plants, resulting
in higher levels of PPI. The PPI, the MI and their ratio are
valuable measures to assess the state of the agrarian ecosys-
tems (BONGERS; FERRIS, 1999).

BONGERS et al. (1991) applied the MI for areas sub-
ject to different types of impacts (by oil, organic matter, heavy
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metal contamination, among others), and the results showed
that the index was efficient to separate impacted and non-
impacted biotypes, as well as separate fresh water habitats
from marine ones, as well as shallow water stations from deep
waters. In impacted, MI presented low values when compared
with the values obtained for areas with little or no impact.

According to KALKHORANA; AHANGAR (2014),
biodiversity should not be seen only as a large number of
species, but the life strategy of these species should be taken
into account that make up the ecosystem. Recently, there is a
growing consensus that the taxonomic diversity and nematodes
functional communities is of crucial importance to determine
changes in the ecosystem. However, there is no consistent pat-
tern way to quantify the functional groups, which are the key
to the diversity analysis.
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