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Abstract Termites are significant soil fauna components in tropical forests and
play an essential role in organic matter decomposition, nutrient cycling, soil airing,
and draining. They also contribute to the establishment of new soil in eroded areas.
However, they can cause significant economic losses in commercial plantations and
implanted forests. Therefore, the correct identification of the termite species and
evaluation of the richness, abundance, and functional groups of the community is
critical for control, of any species that acquired and/or could reach a pest status.
This identification will contribute for the preservation and endurance of beneficial
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species, as some species appear more sensitive to soil usage and agricultural activi-
ties than others. In this chapter, the impact of termites in agricultural areas and
implanted forests will be addressed. The importance of the taxonomic and ecologi-
cal studies will be highlighted as a premise to the use of control agents and technical
management.

Keywords Isoptera * Commercial plantations ® Agroecosystem

2.1 Introduction

Termites (Blattodea: Isoptera), though less visible and attractive, are decisive for the
functioning and yield of tropical terrestrial ecosystems, by increased soil water infil-
tration due to tunnels and enrichment in soil nitrogen. They are thus important for
agricultural sustainability (Evans et al. 2011). These activities also sustain a greater
biodiversity by an increase in richness and abundance of other organisms
(Dangerfield et al. 1998; Florencio et al. 2013; Pringle et al. 2010).

Most species live in tropical environments and only a few ones survive in tem-
perate regions. Krishna and Weesner (1970) identified some factors as important to
the global distribution of termites: feeding exclusively on cellulosic materials; low
sclerotin and consequently a soft body, a limiting factor for mobility; natural disper-
sion only during flutter period, although only for short distances; and high suscepti-
bility to predators. Conversely, Wood and Johnson (1986) suggest the variety of
dietary resources and different nesting areas favor the distribution of termites, over
various regions of the world.

Due to these factors, termites are found in both tropical and temperate regions,
between parallels 45°—48° N and 45° S (Wood 1975). In tropical ecosystems, ter-
mites cause impact due to their abundance, social behavior, and great diversity of
species (Wood and Sands 1978). Roughly 10% of all described species have caused
damage to human activity (McMahan 1986; Verma et al. 2009). In South America
there are reports that 19% of species cause structural and/or agricultural damage
(Constantino 2002).

Currently, the most appropriate integrated strategies to control pest termite spe-
cies include preventive practices, such as less drastic changes in the environment
and/or the introduction of termite-specific agents (see review by Rouland-Lefevre
2011). These practices are complementary to reduce the use of toxic chemical prod-
ucts (insecticides).

In this review, the possible damages caused by termites in forest and agricultural
areas are presented, focusing on commercial Eucalyptus forests and sugarcane plan-
tations. Moreover, it includes a brief report on plantations of cocoa, corn, and rice.
Finally, we highlight how the accurate identification of termite species and the
evaluation of the community’s ecological attributes (richness, abundance, func-
tional groups, etc.) are a critical point for controlling those species that have acquired
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and/or may acquire pest status. At the same time, this approach sustains the preser-
vation and maintenance of beneficial termite species, as some of them appear more
sensitive than others to land use and agricultural or forestry activities.

2.2 Termites in Commercial Eucalyptus Forests

In forests, which make use of exotic species in tropical areas, termites have already
caused such significant damage that, according to Harris (1971) and Cowie et al.
(1989), they were considered as a limiting factor for the development of commercial
Eucalyptus forests.

The termite species damaging Eucalyptus forests have been divided into two
groups. In the first one, those that attack seedlings from plantation up to 1 year of
age were included, also known as seedling, root, or soil termites (e.g., Syntermes
molestus, S. insidians, and Cornitermes cumulans). They cause the destruction of
the radicular system or the seedling girdling at the stem, damages that often cause
the death of the plant. If the soil conditions are favorable, the seedlings may resist
the attack and form a callus, which in turn originates a new radicular system over
the destroyed tissue or even a sprout, forming a new aerial branch, in the case of
girdling at the stem region. Consequently, the trees may develop a deficient radicu-
lar system and insufficient support, or will become dominated trees, due to their
delayed initial development. In these cases mortality rates are high, accounting for
the occurrence of damage up to 18% of Eucalyptus grandis seedlings in Brazil due
to the attack of Cornitermes sp. For commercial plantations, the percentage of
acceptable failure is from 2 to 5% since, and above this level, the replantation is
costly (Wilcken 1992; Wilcken and Raetano 1995).

The other group is formed by the termites that attack Eucalyptus trees aged over
2 years and destroy their interiors, named heartwood termites (e.g., Coptotermes
testaceus). They penetrate through the root, building their chambers within the
trunk, destroying the heartwood, and making the trees hollow, thus causing loss of
productivity. The internal damage only appears during harvest, and this hampers
prevention (Wilcken and Raetano 1998). Nair and Varma (1985) already suggested
that factors such as termite species present, population density, seasonal trends,
buildup of litter fall and wood, soil conditions, physiological state of the plant, age,
and establishment state were all related to the termite x Eucalyptus interaction.
Wardell (1987) also pointed out that the lack of research programs to study the eco-
logical relations between termites, host trees, and possible correlations with edaphic
factors aggravated this situation.

According to Mill (1982), deforestation and isolation directly affected the ecol-
ogy of termites from neotropical forests. Since most termites from primary forests
are very sensitive to such effects and do not survive habitat changes, the few species
which manage to adapt may become important pests in forestry. The available data,
though limited, suggested that wood removal or certain agricultural practices reduce
termite richness and lead to the selective loss of certain functional groups, especially
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the soil-feeding ones (Wood et al. 1982). However, the effects of forestry practices,
which are considered less drastic, were still unknown (Mill 1982; Eggleton et al.
1995). These cited references described the termite problem in Eucalyptus planta-
tions for roughly three decades. Conversely, more recent works have questioned the
role of termites as a pest in this forest system.

Calderon and Constantino (2007), evaluating the termite diversity in a tillage of
Eucalyptus urophylla, found only 0.2% of cut trees damaged at core, caused by
Coptotermes sp., thus suggesting that termites do not cause significant problems in
the studied region. Moreover, it was possible to highlight that the importance of
termites as a pest to Eucalyptus has been overstated. One of the factors involved is
due to the fact that the areas selected for study were therefore chosen due to the
previous evidence of damage by termites.

Junqueira et al. (2009) studied the richness and abundance of termites in seven
forest areas in Anhembi, S3o Paulo. The areas ranged from Eucalyptus plantations
of different species/ages to forest fragments, in different stages of development and
succession. The highest species richness (13) was found in the area in the stage of
advanced succession and the lowest (8) in the implanted forest of E. urophylla of 3
years, with no sub-forest. The abundance of some species (Apicotermitinae sp.1,
Apicotermitinae sp.2, Apicotermitinae sp.4, Cornitermes cumulans, Diversitermes
diversimiles, and Embiratermes sp.) varied greatly between areas and indicated a
lower diversity of termites in implanted Eucalyptus forests, when compared to for-
est fragments. The authors also pointed out that the presence of some termite spe-
cies appeared to be associated to that of fallen wood on the forest floor. The
permanency of this wood on the floor could favor the termite community in the area,
without affecting seedlings or trees, since the termites identified feed and nest in the
wood itself.

When evaluating the effects of Eucalyptus plantation on soil arthropod commu-
nities in a conservation area of the Atlantic forest, Camara et al. (2012) verified that
61% of the taxa found were common to Eucalyptus areas and to forest fragments,
whereas the Isoptera group was only present in two plantations but did not have its
species specified nor the possible damage caused by them. Nevertheless, it is impor-
tant to highlight that the authors used pitfall traps, which is unsuitable for termite
sampling, and this justifies the low presence of this group in the samples.

2.3 Termites in Sugarcane Commercial Plantations

In Brazil, planting of sugarcane is dedicated to the production of ethanol, which
occupies an extensive land area of 4.9 Mha in 2011, with the estimate that by 2021
this area will reach 6.4 Mha (Goldemberg et al. 2014). Land use changes (LUC) and
the agricultural methods undertaken for the introduction and upkeep of this mono-
culture contribute to the loss of biodiversity, especially of soil macrofauna, which
includes termites (Franco et al. 2016). These losses result in soils of low fertility and
sandy texture. These factors contribute to the occurrence of subterranean termites, a
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group which may cause damage to the various growth phases of the sugarcane cul-
ture (Campos et al. 1998).

Recently, a number of ecological aspects of the species found in sugarcane crops
and other cultures, as well as their pest potential and the need of basic studies on the
reproductive biology and population dynamics of various termite species, were
discussed (Miranda et al. 2004; Junqueira et al. 2008; Menzel and Diehl 2008, 2010;
Ackerman et al. 2007). According to Batista-Pereira et al. (2004), termites called the
attention of the scientific community because they are important pests in sugarcane
crops. At this regard, Mill (1992) already referred to a fall of up to 65% in produc-
tion in Brazil, due to termite attack in sugarcane plantations.

In the Brazilian northeast, termites are considered as one of the main soil pests in
sugarcane plantations, and a high occurrence of the Heterotermes and Neocapritermes
genus is registered. Miranda et al. (2004) found four termite species in a single
sugarcane plantation in the northeast, but only one type caused damage
(Cylindrotermes nordenskioeldi), whereas a second one (Amitermes nordestinus)
was possibly considered as a potential pest. According to the authors, the abundance
and the vertical and horizontal spatial distribution of these insects were mainly
influenced by the root biomass of the crops and by the amounts of organic matter in
soil. In the southeast region, Novaretti and Fontes (1998) identified 14 termite spe-
cies in sugarcane crops, while Almeida and Alves (1999), in studies carried out in
northern Sao Paulo, considered Heterotermes tenuis as the main crop pest, due to its
broad distribution and high number of individuals.

According to Junqueira et al. (2015), the lack of solid taxonomic and ecological
data on termite communities in Brazilian sugarcane plantations led to the attribution
of a pest category to species with low prevalence, with an indiscriminate use of
insecticides for termite control, in spite of their central ecological role in soil fertil-
ity. The authors performed sampling of soil termites in commercial sugarcane crops
in 53 counties in the state of Sdo Paulo. The richness obtained accounted for 22
taxa, and the most frequent functional group was the humus feeders (37%), fol-
lowed by wood (34%), litter (25%), and intermediaries feeders (4%). Finally, in
contrast to what is pointed out in other studies, the results suggested that the greater
part of the termite community registered in sugarcane plantations of Sdo Paulo was
potentially beneficial to the cultivation, considering the high frequency of soil-
feeding species.

2.4 Termites in Other Cultures

Dibog et al. (1999) studied the impact of vegetation shelter on termite communi-
ties in commercial forests of Terminalia ivorensis (Combretaceae), aged from 6 to
18 years, in the southern regions of the Republic of Cameroon where the understory
of these trees is used for growing banana and cocoa. In 18 years of 7. ivorensis
plantation, the highest abundance of termites occurred in locations with a denser
canopy, regardless of the type of understory (banana or cocoa), the cultivation
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system (mixed or individual), or the soil preparation method (conserving or burn-
ing biomass, in this case specifically for growing bananas). For 6-year-old planta-
tions, there was no significant difference in the abundance of termites when
compared to lesser or greater canopy density, whereas in the latter, a higher
frequency of termites did occur. Conversely, the crop yield was not directly related
to the abundance of termite population, though the yield in cocoa production was
positively related to the abundance of soil-feeding termites (the greater part of
the community). This was probably due to improved soil conditions resulting from
the presence of this group. Of the 82 total termite species found, 67 were soil
feeders.

Some species of fungus-growing termites (Termitidae: Macrotermitinae) are one
of the main pests of corn (Zea mays L.) in the African continent. Researchers have
attempted to comprise suitable techniques in soil management, emphasizing the
availability of nutrients (nitrogen) and termite activity (Sileshi and Mafongoya
2003; Sileshi et al. 2005; Nyagumbo et al. 2015). In a field experiment carried out
at Msekera Research Station in Chipara (Zambia), Sileshi and Mafongoya (2003)
studied the presence and activity of four termite types, namely, Microtermes,
Hodotermes, Odontotermes, and Pseudacanthotermes. Root and stem base damage
in the corn crops were identified following a short drought period. Productivity and
total crop biomass were negatively associated to damage caused by termites. The
losses resulting from termite action in conventional corn crops (natural fallow) were
five to eleven times greater than corn crops associated to i) Tephrosia (Tephrosia
vogelii) + pigeon pea (Cajanus cajan) and ii) Sesbania (Sesbania sesban) + pigeon
pea (C. cajan), respectively. The authors suggested that the introduction of these
legumes may alter the physical or chemical characteristics of soil, affecting the
susceptibility of corn to pest attacks, therefore reducing losses.

In evaluating the occurrence of termites in corn through an experiment performed
in the province of Manica, Mozambique, Nyagumbo et al. (2015) verified that the
activity (number of individuals and proportion of tunnels) of Macrotermes falciger,
Pseudocanthotermes sp., and Odontotermes sp. (Termitidae: Macrotermitinae)
adjacent to the corn plantations was directly related to the availability of residues in
furrows. Moreover, the increase in termite activity did not result in damage to the
culture, and, provided that there were resources for the termites, these did not attack
the crops. This research highlighted the importance of the development of
management techniques that contribute to the quality and availability of soil nutri-
ents. In rice (Oryza sativa L.), Mahapatro and Sreedevi (2014) registered
Odontotermes obesus and Microtermes obesi (Termitidae: Macrotermitinae) as
causing damage to crops, in dry land and irrigated farming, in India. The attack on
live plants occurred mainly in the final phase of growth and in the absence of decom-
posing matter in the area.
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2.5 Modification of Natural Habitat: Effects on Termite
Community

The richness and abundance of soil invertebrates are influenced by the biogeo-
graphic history, latitude, altitude, and climate variables such as temperature, humid-
ity, and rainfall and by the characteristics of the habitat involving soil type and depth
(Hulugalle et al. 1997; Bignell and Eggleton 2000; Eggleton 2000; Ellis et al. 2001).
Natural and anthropic disturbances can cause changes in environmental variables
such as soil aeration, humidity, food resource availability, and height of the tree
canopy. Consequently, there are changes in the composition, abundance, and/or
richness of termites (DeSouza and Brown 1994; Jones et al. 2003). They may lead
to a loss, a negative impact in the functioning of ecosystems, altering ecological
processes as the carbon and nitrogen cycles, therefore reducing soil quality and its
productivity (Black and Okwakol 1997; Okwakol 2000; Evans et al. 2011).

As the replacement of natural ecosystems with commercial forests occurred,
reports emerged of damage caused by native and exotic termites. These modifica-
tions can favor certain limited species which, in the absence of predators, may reach
a pest status (Mill 1982; Wood et al. 1982). According to Constantino (2002), 77
termite species have been reported as pests in South America, of which 53 were
related to damage exclusively in agriculture and 15 were noxious both for structures
and agriculture. Among them, Heterotermes, Nasutitermes, Cornitermes,
Procornitermes, and Syntermes were highlighted as the main prompters of damage.
Often, the damage caused by termites in commercial forests is indirect, and this
hampers identification. In this sense, various authors report a damage by observing
the termites feeding off parts of plants or just by their presence in that area. These
reports cause part of the damage in commercial plantations to be incorrectly attrib-
uted to termites. Additionally, according to Eggleton (1999) and Constantino (2002),
the taxonomic study is central to the understanding of the importance of these
insects in ecosystems.

In Central Amazon area, Bandeira (1979) studied the effect of deforestation on
termite populations by evaluating the distribution and diversity of these insects in
primary forest areas, shrubland, and pastures. Most types presented equivalent dis-
tributions in all three areas. Members of Nasutitermes were the most common and
diverse, with more frequency in pastures where a greater number of nests were
observed. The soil termites were found in greater numbers in shrubland, followed
by pastures and lastly in forests. The author suggested that the removal of the pri-
mary vegetation and the resulting microclimatic changes were responsible for the
distribution of some groups.

Working in four locations in the surroundings of Manaus (Brazil), Mill (1982)
found a greater density of termites in islands than in dry land, probably due to the
competition for food. According to the author, the termites which are adapted to life
in the bush, in islands, and in blackwater-flooded forests (Igapos) are the species
that can become pests in commercial forests (e.g., Coptotermes and Nasutitermes).
The termite fauna in dry land and whitewater-flooded forests (varzea) of the
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Brazilian Amazon was distinct, with a low index of similarity. The composition of
species and diversity varied greatly among locations, with no apparent correlation
to climate or vegetation type. Part of these differences also occurred due to the col-
lecting efforts and sampling methods. Constantino (1992) analyzed the termite
fauna in primary forests of two locations in the Brazilian Amazon and observed that
the subfamily Nasutitermitinae (especially the Nasutitermes type) was the predomi-
nant group, both in the number of species and abundance. The humus feeders were
the second group as the number of species. The composition and diversity of species
varied among the different locations and, apparently, did not present correlation to
climate or vegetation type.

DeSouza and Brown (1994) studied the termite communities in the Amazon for-
est and in neighboring isolated, reservation fragments. The soil-feeding group was
predominant in the forest, with greater species richness and lower proportion of rare
species. In the fragments however, the species which use litter fall and those with
intermediary feeding habits between soil and wood feeding were predominant.
Moreover, the termites in the first area made a more equitable use of the forest,
when compared to the fragments, suggesting a growing inadequateness of habitat
due to fragmentation. The composition of termite communities in the fragments
would hence be the result of an intrinsic pattern of forest and losses caused by
fragmentation.

Eggleton et al. (1995) qualitatively evaluated the termite communities of five
areas with different levels of forest disturbance in the Mbalmayo Forest Reserve, in
the south of the Republic of Cameroon. When compared to primary forest, the areas
with severe disturbances presented a significant reduction in richness of species,
while the areas under process of regeneration showed a slight increase in richness.
The soil-feeding termites predominated in the areas under process of regeneration
and in primary forest, though the species richness decreased in areas that suffered
severe disturbances. The wood-feeding type appeared to be more resistant to the
disturbances than the soil-feeding type, although the richness of species was low in
the more affected areas.

In the same forest reserve, Eggleton et al. (1996) evaluated the diversity, abun-
dance, and biomass of termite communities in five locations with different levels of
disturbance, over a 2-year period. The abundance and biomass were high in the
locations where the forest was very similar to the primary area and in the forest in
advanced process of succession. The disturbances had little effect on the abundance
and biomass in the forest areas. There was, however, a clear reduction of these com-
ponents in open areas. Differences were also found in the composition of taxonomic
groups, in the abundance of different nesting areas, and in the composition of the
functional groups among study areas, the latter affecting mainly soil-feeding ter-
mites. The area similar to the primary forest presented a more heterogeneous com-
munity of termites when compared to the areas with more disturbances, possibly
resulting from the greater number of microhabitats available for the termites.

Davies et al. (1999) investigated the successional response of the termite com-
munity to the experimental disturbances in forests in the Republic of Cameroon,
evaluating the implications to forest recovery. Even in treatments which involved
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severe disturbances to the soil and canopy cover, the richness and abundance of
termites quickly recovered when dead wood was left on the forest floor. This wood
availability also led to the occupation by a different group of termites of the com-
post sampled in other treatments, highlighting that this group included wood and
soil-feeding termite species.

Bandeira et al. (2003), studying the termite fauna present in six environments
with different disturbance levels, located at the Brejo dos Cavalos (PE, Brazil),
observed a reduction in termite diversity as the disturbances increased, apart from
not finding these insects in a monoculture area. The termites, which feed on humus,
were more affected than those with an intermediary feeding. In parallel, the wood
feeders presented more resilience, while some species, favored in secondary forest
areas, tended to disappear in agricultural areas which presented little wood
availability.

Sena et al. (2003) investigated the termite fauna in a fragment of savannah (cer-
rado) at the Guaribas Biological Reserve in Mamanguape (PB, Brazil). The richness
was of 20 species, the majority of which was the wood feeders. The highest fre-
quency in the sampling transects was for species which feed on humus. The richness
was inferior to what reported in the savannah vegetation, probably due to the isola-
tion time and distance of this specific fragment in the vast savannah areas in Brazil
central region.

Jones et al. (2003) evaluated the impact of intensified soil use in termite com-
munities in humid tropical forests in the province of Jambi, Sumatra (Indonesia).
Therefore, the composition of the communities was identified using a gradient of
seven areas with disturbances, which included primary forest, different commercial
plantation systems, and areas with cassava plantations. In the seven environments,
54 species were collected: the primary forest presented the highest termite richness
with 34 species and the cassava plantation the lowest richness, with only one spe-
cies. The relative abundance of soil-feeding termites presented a greater fall over the
gradient in comparison to the wood-feeding type. It was found that the basal area of
trees was strongly correlated to the richness and relative abundance of termites, thus
reflecting the adaptive response of these insects to the progressive simplification of
the habitat physical structure. This was due to a reduced canopy cover, microcli-
matic changes, and reduction of feeding and nesting locations. The authors also
analyzed work from other researchers where all, or a great part of communities,
were evaluated over a local disturbance gradient. Data generally indicated a declin-
ing trend in richness and abundance of species, as land use increases. This trend was
more apparent when more contrasting gradients were analyzed, ranging from pri-
mary forests to treeless areas.

Lavelle et al. (1997) refer to soil invertebrate as “engineers of soil ecosystems”
since they ingest or manipulate organic and mineral material and form microstruc-
tures. The authors cite worms and termites as the most important engineers of
earthly ecosystems because, as mediators of nutrient transformation, they influence
the diversity and activity of the biota and subordinate trophic levels. They also con-
sider the hypothesis that the vegetation affects not only the abundance but the rich-
ness of these organisms through the quality and quantity of litter fall, among other
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effects. Changes in vegetable communities would therefore affect soil engineers.
According to Lavelle et al. (1997), land use and forest disturbances are responsible
for the more immediate changes in the functional groups of these engineer commu-
nities. The disturbances affect the termites through the reduction of diversity, espe-
cially of those who feed off soil, and some species can become pests due to changes
in the availability of organic material. The reduction in the abundance of these engi-
neers leads to a decrease of carbon stock in soil and inequality among functional
groups (compaction x decompaction) and may result in physical degradation of soil.

Jones et al. (2003) proposed actions toward the recovery of termite communities.
The author suggests that by leaving dead wood in the forest floor following the dis-
turbance, the recovery process of the termite communities is accelerated, due to the
increased abundance and richness of wood- and soil-feeding termites. Moreover,
the increase in fragment size and reduction of edge effects would have a positive
effect in the survival of species that depend on the forest. Finally, the adoption of
corridors connecting these fragments could assist termite recolonization and there-
fore increase their dispersion potential.

According to Calderon and Constantino (2007), the use of Brazilian savannah
areas for planting Eucalyptus eliminated soil-feeding termites and favored the
occurrence of wood and litter feeders. The authors suggest that the change in the
structure of the termite community resulted from changes of microclimate, habitat
structure, and quality and diversity of litter fall.

Carrijo et al. (2009) showed that the simplification of the savannah habitat led to
the extinction of termite populations as well as other members of the fauna and
flora, by the loss of specific resources due to the application of pesticides. Junqueira
et al. (2008) published a wide bibliographic review that sought to discuss how inten-
sified land use and deforestation for the implantation of commercial Eucalyptus
forests caused changes in termite diversity, mostly affecting the soil-feeding group,
and suggested that the decrease of this group could provoke likewise a decrease of
organic matter in decomposition.

Finally, Dosso et al. (2013) investigated, in a transitional forest-savannah zone of
Cote d’Ivoire, the termite assemblage structure across a sequence of differing land-
use systems. The authors suggested that forest conversion to agricultural systems
changes the termite assemblage structure, including loss of species and changes of
feeding groups. The mean termite species richness declined from the semi-deciduous
forest to the teak plantation, 4-year-old fallow, food crop, cocoa plantation, and
Jatropha plantation. The soil and wood feeders showed response to disturbance
with abundance of changes along the distinct land-use types: i) the soil feeders
declined the semi-deciduous to all man-modified sites and ii) the wood-feeding spe-
cies reduced their abundance to monospecific and modified sites without high trees.
The fungus growers were considered the feeding group most adapted to distur-
bances, with dominant species Ancistrotermes cavithorax, Microtermes toumodien-
sis, and Pseudacanthotermes militaris found in all land-use systems. Thus, changes
of land use can promote the loss of some termite species, reduce biological func-
tions, and establish species that can become pests.
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2.6 Conclusion

Currently, a number of works have highlighted that the damages caused by termites
in planted forests and/or agriculture are directly related to the use and modification
of soil for the implantation of crops. This promotes the simplification of the envi-
ronment’s physical structure, which alters the termite communities and leads to the
maintenance and establishment of limited termite as well as pest species.

In plantations where soil is uncovered and the area is completely clean, the
occurrence of termites can cause damages, since there will be no other resource
apart the introduced culture. In contrast, plantations associated to the adoption of
certain strategies which i) maintain the presence of sub-forest and adjacent forest
fragments, ii) protect soil, and iii) present the availability of litter fall may reduce
the loss of water and nutrients and promote the maintenance of soil-feeding species,
as well as of wood and litter feeders. These species can consume other available
resources and bring about improvements for the implanted culture with low impact
on negative activities. In these environments, the use of pesticides and agents may
be avoided, and the diversity of termites might contribute to productivity. In this
sense, adequate handling practices, which promote the availability of cellulosic
residue, may transform the termites into important components for the increase of
productivity in agricultural areas, pastures, and commercial forests.
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