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Abstract: Termites play an important ecological role in ecosystems, mainly as decomposers. However, some species under
certain conditions may become pests, causing damage in forests and cultivated fields. Termites are associated with native
forests, forest plantations and croplands. Despite this, information regarding taxonomy, management, economic and ecological
termite impacts for these land uses categories is not widely known. This study aimed to assess termite’s distribution, incidence,
damage, diversity, and affinity in different land use categories. In circular 0.28ha plots in native vegetation and croplands and
1ha rectangular plots in forest plantations, termites capture was performed and, tree infestation assessed by visual inspection.
Plot allocation was random-stratified by land use category. Twenty-one termite species, from nine genera and two families
(Termitidae and Rhinotermitidac) were found. Of these species, fourteen, thirteen, ten and nine were respectively associated
with miombo woodlands, fallow, cultivated areas and forest plantations, suggesting that species richness decreases with
increasing habitat disturbance. Termite incidence is highest in plantation forests, followed by native woodlands, fallow and
croplands. In forests, fallow areas, and croplands, damage severity was low, while in forest plantations it ranged from low to
moderate. These results suggest that in miombo woodlands, fallow areas, and croplands, termite incidence does not necessarily
imply economic damage. Economic losses in Eucalyptus plantations reach up to US$ 542.13/ha, reducing with increased
plantation age, reaching 1.77 m’/ha in plantations two years old or less, and 0.73 m’/ha in 6-year age plantations. Efforts to
combat termites are needed at early plantation stages.
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1. Introduction

Miombo is the largest forest ecosystem in southern Africa,
with a large socio-economic and ecological role [1]. Its
importance extends from peoples’ livelihoods through timber

disruption of its natural equilibrium and a need for miombo
woodlands restoration, conditions that could lead pest
outbreaks [4].

and non-timber forest products extraction to the commercial
timber industry which contributes to the country's exports
and GDP. Native forests in the world in general, and in
Mozambique in particular, have come under increasing
pressure [2, 3]. Recently, unsustainable exploration of the
miombo woodlands involving mainly tree cutting and slash
and burn practices has resulted in forest degradation,

Considerable areas of deforested or degraded miombo
woodland in Mozambique are being replanted using
Eucalyptus species. On the other hand, FEucalyptus
plantations are a source of employment in economies such
as Mozambique, contributing to the creation of well-being
from foreign currency gain by exporting various products
and providing wood for fuel and construction. This is one
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of the reasons that leads to the development of fast-
growing species including artificial Eucalyptus, pine and
Corymbia plantations for various uses. In Mozambique,
Eucalyptus-dominated forest plantations have experienced
substantial growth in recent years covering about 62,000
ha [5]. Globally, plantation areas have increased by more
than 105 million ha since 1990 representing about 7% of
the world's forest area. This increase is around 67% in
tropical areas [6].

Species of the genus FEucalyptus have been severely
attacked by pests [7-9] in particular species of the order
Isoptera, family Termitidae (termites) [7, 10, 11], causing
significant economic losses [10, 12]. The economic damage
caused by termites can be as much as US$ millions, in
production losses involving control costs. For example, in the
United States, US $ 46 million were spent annually to fight
termites [13], while in Brazil, about US $ 3,352 million
would be needed to control this pest [11], and $ 8-10 million
are spent in Malaysia on termite control [14]. In
Mozambique, termites attack on Eucalyptus plantations have
also been reported. Homogeneous plantations are relatively
more vulnerable ecosystems to pest and disease outbreaks
due to the availability of favorable conditions for their
growth [4].

The occurrence of pests attacking Eucalyptus close to
extensive native forest stands, a reality in some miombo
woodlands restoration areas in Mozambique, may lead to
the existence of common pests associated with the two
land use cover categories. Miombo woodlands are
characterized by the presence of numerous large termite
(Termitidae: Isoptera) mounds. There are over 2600
species of termites, which are distributed across 280
genera [15—17]. These organisms have an ecological role
in forest ecosystems [18]. These organisms live in
colonies and are xylophagous, having cellulose as their
main food [11, 19]. Termites are also of high economic
importance because they infest the plants in both nursery
and young plantations, feeding on tree bark and roots.
Through their eating habits, they directly damage the root
system of the trees, create tunnels in the core of the
trunks, and the damage can affect 50-100% of the tree [12,
19, 20]. Most termites are polyphagous, and as such, able
to feed on several tree species from different families,
meaning potential risk to attack native miombo tree
species as well as Eucalyptus. There is a huge diversity of
termites, particularly in Africa, of which about 10% are of
economic importance, mostly of the Macrotermes and
Odontotermes genera [16]. In case of pests’ occurrence, it
is imperative that it does not spread, since the narrower
the area of occurrence, the greater the probability of
success in the control of degradation.

The protection of forest areas against the destruction by
pests, with the emphasis on termites aims at preventing or
reducing injury and consequent economic damage in order
to increase the production of wood, pulp, paper, energy,
resin, forest seeds and other products, to the benefit of
society that depends on the forest industry as a source of

employment. However, to ensure these benefits, it is
necessary to take action towards the monitoring and
management of termites in the different land uses that they
can damage.

For effective pest management and monitoring it is
necessary to identify pest species, assess their distribution,
incidence, severity, economic damage and techniques and
costs of control. Although Mozambique has a wide range of
ecosystems and habitats that include native forest, forest
plantation and cropland where termites can occur and result
in severe negative impacts, studies on the distribution,
ecology and damage of these pests are still limited. It was in
this perspective that there was a need to urgently conduct this
research in order to achieve the following objectives: to
identify main termite species on Eucalyptus and Corymbia
plantations surrounding miombo woodlands; to estimate
economic damage caused by termites in FEucalyptus and
Corymbia plantations; to determine spatial termites
occurrence, distribution, diversity, infestation, severity and
interspecific similarity in different land use categories
namely miombo woodlands, fallow areas, croplands,
Eucalyptus and Corymbia plantations; and to determine
association between main termite species in different land
use types.

With this study efficient decision tools for proper
control of termites can be developed. Furthermore, this
will contribute to forest industry success and
socioeconomic stability of the native and planted forests
and cropland.

The study’s specific objectives included: to determine
spatial  termites occurrence, distribution, diversity,
infestation, severity and interspecific similarity in different
land use categories namely miombo woodlands, fallow
areas, croplands, Eucalyptus and Corymbia plantations; to
determine the association between main termite species in
different land use types; to identify main termite pest
species on Eucalyptus and Corymbia plantations
surrounding miombo woodlands; and to estimate economic
damage caused by termites in Eucalyptus and Corymbia
plantations.

2. Materials and Methods
2.1. Study Area

The study area covers the District of Gondola in Manica
Province and the District of Muanza in Sofala Province,
both located in the central part of Mozambique (Figure 1).
This region is characterized by a humid tropical climate,
with average rainfall ranging from 850 to 1500 mm [21,
22]. The average annual temperature ranges from 16°C to
26°C in Gondola [21] and from 18°C to 30°C in Muanza
[22]. The District of Gondola has a surface area of 5,739
km® and has an estimated population of 201,735
inhabitants, and the District of Muanza has a surface area
of 7,533 km’ and an estimated population of 42,289
inhabitants [23].
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Figure 1. Location of study site, overlaid on Land Use and Land Cover map (Source: REDD+ Monitoring, Reporting and Verification Unit. Access link: MRV

- Inicio (fnds.gov.mz).

In both districts shifting agriculture is the main economic
activity and practiced by the majority of households. This
agriculture is characterized by interspersing the production
period with the fallow period in order to ensure the recovery
of soil fertility for the subsequent production cycle [24].
Shifting agriculture has been a model of cultivation that
contributes most to deforestation and degradation of the
Mozambique's forests [25].

Regarding forest cover, Gondola has large diversity of

vegetation, comprising a mosaic of grassland, miombo, forest
plantations and mountain evergreen forests [26]. However, this
diversity of habitats has been under threat due to the expansion
of shifting agriculture associated with uncontrolled burning [27].
In Muanza a diversity of ecosystems occurs, from coastal
marine to terrestrial. In terms of land cover, shrublands are the
most predominant, and are scattered throughout the district and
are interspersed with other vegetation types that include dense
forests, scrublands, savannahs and forest plantations [26].
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2.2. Sampling Site Characterization

The termite sampling followed a land use gradient
according to the level of disturbance, having included the
almost intact miombo woodlands, areas considered to be with
low level of disturbance; fallow areas considered to be areas
with intermediate disturbance; and cropland and forest
plantations areas intensely disturbed.

In this study we considered areas of almost intact miombo
woodlands characterized by the presence of few vestiges of
disturbance, presence of mature or nearly mature trees with
heights ranging from 8-12 m and with a predominance of
species of Brachystegia spp., Julbernardia globiflora
(Benth.) Troupin and Dyplorhyncus condylocarpon Miill.
Arg. The fallow areas were considered all areas with
secondary forest with age between 5-20 years, whose forest
results from regeneration after being cleared to give way to
anthropogenic activities that include agriculture, logging and
other activities.

Cropland were considered areas with the presence of
agricultural crops or areas that have been prepared for
cultivation even without presenting agricultural crops, as well
as areas that have been recently cultivated or harvested. The
forest plantations considered in the study were Eucalyptus with
ages ranging from 1 to 6 years. The Eucalyptus plantations
were composed by the species Eucalyptus urophylla and
Eucalyptus grandis. Sites in southern Mozambique comprised
mostly native vegetation with grasslands, open woodlands,
Eucalyptus and Corymbia plantations.

2.3. Data Collection and Processing

The study completed data collection from May to June
2019 in the dry season in Mozambique, a period considered
favorable for termite sampling due to the fact that they forage
more evidently at this season [28]. Using the method
designed by Eggeton et al. [29], a total of 17, 14 and 10
circular plots with a radius of 30 meters were randomly
allocated in intact forest, fallow areas and croplands,
respectively. In each plot, 5 sub-plots of 5 x 2 m were
established, with one in the center and the remaining four
established in a radius of 15 m in the quadrants. In these sub-
plots, obeying a sampling effort of 15 minutes per sub-plot,
all possible microhabitats of termites were inspected,
including termite mounds, tunnels, woody debris, litter, to
assess termite distribution, infestation level and severity of
termites, as well as collecting specimens for identification at
the Entomology Laboratory of Gorongosa National Park (EO
Wilson Biodiversity Laboratory).

Data collection to assess the level of infestation and
severity of termites was completed by visual inspection of all
trees or plants within the sub-plots. For incidence, the
presence or absence of termites' under attack was evaluated;
plants without signs were considered non-infested and plants
with signs were considered infested. The level of termite
incidence in percentage, is given by the number of infested
plants divided by total number of observed plants [30].

For severity, the severity of attack was attributed to the

plants where the incidence of termites was verified, which
varied on a scale of 1 to 5, with 1 representing plants that
were not harmed, which implies that the plants are healthy,
and 5 for severely attacked plants, which implies that these
plants have more than 75% of branches, stem or stem
attacked [30]. Using equation 1 the damage severity was
calculated [31].

Damage severity % * 100 @9)]

Where:

n- scale rank given to the plant;

f- frequency of the marks in the total of the plants
evaluated

Z- maximum rank of the scale

N- total observations

The same approach used in forests, fallow land and
cropland to collect termites for identification, assessment of
infestation level and severity was used in forest plantations,
differing only in the size of the plots and the method of plot
allocation. For the plantations, square plots of 1 hectare in
size were systematically distributed throughout the
plantation, with a separation of 300 m. This resulted in the
allocation of 17 plots to the forest plantations. A systematic
approach is recommended when the reference system is
easily accessible and the existence of variability within the
landscape or target group is low, as is the case in forest
plantations [32].

In the plots allocated in forest plantations the inspection
was done along diagonal transects, an approach that allows
inspecting at least 20 trees in plots up to five hectares in size,
the minimum effort recommended in studies aimed at
assessing the level of pest infestation in forest plantations
[33, 34]. In the same plot, diameter at breast height (DBH),
total tree height (H) in infested and non-infested stands were
measured. These data were used to estimate tree volume.
Additionally, forest plantation managers provided
information on termite control costs and timber market prices
in order to estimate economic damages and losses using
equations described by Bonetti [35].

Many parameters were calculated to assess the economic
damage and losses. The tree stem volume was estimated for
each age and infested and non-infested trees using the
dendrometric data based on equation (2), and subsequently
the volume lost by termite infestation was determined by the
difference of volumes in the infested and non-infested fields
[35]. Cost of control (Cc) was estimated, that is, the amount
the company spends to be able to control termite infestation,
using equation (3). Economic loss in Meticais (Mozambican
currency) per hectare was calculated by multiplying wood
loss (m*/ha) by value of wood in market (Mtn/m’). The
economic damage was quantified through the damage caused
by the sum of the economic losses and control costs [35].

Vt="xDap2xh 2)

Where:
Vo = wood volume m3/ha, obtained in infested fields with
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age x
Vi = wood volume mz/ha, obtained in uninfested fields
with age x

Cc=Cm+Cp 3)

Where:

Cm = labor cost (Mtn/ha)

Cp = pesticide cost (Mtn/ha)
and

Where:

Nh = Number of workers used for combat

A= infested area (ha)

Vh = amount spent by each worker (food, transport, salary
and administrative charges) (Mtn/worker)

o= @)

Where:

Qt = Amount of pesticide used per plot (L or Kg/ha)
A = field area (ha)

Cp = pesticide value (Mtn/L or Mtn/Kg).

2.4. Data Analysis

The termite relative abundance, incidence level and
damage severity were calculated using Microsoft Excel
spreadsheet version 16.

To assess the distribution of termites the occurrence
(presence-absence) approach was used, recommended for
insects of social habit rather than the number of individuals
[36]. This occurrence information was used to determine the
relative abundance of termites, which is considered to be the
number of occurrences of each species per plot, assuming
that the presence of a species in a quadrat (sub-plot)
represents an occurrence [37].

In turn, the relative abundance of termites of the land use
classes was used to generate the similarity dendrogram of the
distribution of termites among the land use classes in the
JMP Pro statistical package, using the Average-linkage
method also called Unweighted Pair-Group Method using
arithmetic Average (UPGMA), recommended for unequal
cluster size [38].

To determine termite diversity by land use and land cover
classes, integrated rarefaction/extrapolation curves based on
the first three Hill numbers were constructed. Hill numbers
are mathematically unified families of diversity indices
(differing from each other only by the exponent q) that
incorporate relative abundance, incidence, or species richness
[39]. Total termite species richness was determined by
counting the number of species observed in all plots by land
use class. Termite species composition similarity was
performed by a dendrogram analysis.

The rarefaction method uses the multinomial probability
distribution model of the Hill numbers q=0 (species

richness), q=1 (Shannon diversity) and q=2 (Simpson
diversity) which converts the indices to effective number of
species [40]. Thus, we assessed species richness and diversity
at each site by rarefaction curves and extrapolation of Hill
numbers to incidence data, using the procedures and
functions proposed by Chao et al. [39], by means of the
iNEXT package version 2.0.9 [40] of the R program version
3.6.2 (R Development Core Team, 2020).

To evaluate the statistical differences in termite richness
and diversity among the land use classes the bootstrap
method was used which consists of generating confidence
intervals at 95% with the application of 200 replicates. The
non-overlapping of 95% confidence intervals, whether
rarefied or extrapolated curves, are considered to indicate
significant differences, and the overlapping of these are to
indicate non-significant differences, at 5% significance
level [39].

Comparison tests of lost volumes for different ages was
based on t-test analysis of variance (ANOVA) followed by
Kruskal-Wallis at 5% significance through the statistical
package JMP Pro (JMP, SAS Team, 2021).

3. Results
3.1. Sampling Efficiency

The interpolated curves, i.e observed species accumulation
curves were close to those of estimated species or
extrapolated in all land use types except for the Croplands
(Figure 2). In the croplands, the trends indicated that
additional samplings were required to provide an accurate
picture of the local species richness. In this land use, the
observed species richness represented only 53% of the
expected species richness. Whereas in the other land use
types the observed species richness corresponded to at least
75% of the expected species.
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Figure 2. Sampling coverage-based in interpolation (solid curve) and
extrapolation (dashed curve) across four land use types.

3.2. Species Richness and Diversity Across Land Use Types

Twenty-one termite species from nine genera and two
families (Termitidae and Rhinotermitidae) were found. The
species richness (¢=0), and species diversity (Shannon, g=1
and Simpson, ¢g=2) varied significantly across land use types
(Bootstrap, 95% confidence level). The miombo woodlands
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had the highest termite diversity and richness species, and
differed significantly from other land use types, which were
not statistically different among them. This may be seen by
overlapping the confidence intervals of its graphics (red,
green, and violet for croplands, fallow and forest plantation
respectively) (Figure 3).
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Figure 3. Comparison of species diversity, species richness (q = 0), Shannon
diversity (q = 1) and Simpson diversity (q = 2), across four land use types.

3.3. Species Composition Across Land Use Types

The cluster analysis showed that species composition was
affected by land use change, since two distinct clusters were

formed. These land use types were grouped according to the
similarity of the termite’s community composition in
(Figure 4). The croplands and forest plantations formed one
cluster, and the miombo woodlands and fallow were
grouped together. The assessment of community
complementarity of termites in varying land use types
highlighted that the croplands and forest plantations
grouped together had relatively similar species
compositions, sharing 51% of their species (Table 1), such
as: Macrotermes mossambicus, Nasutitermes cf. kempae,
Macrotermes sp., Cubitermes sp., and Pseudocanthotermes
sp. Also, the termite communities in miombo woodlands or
native forest were relatively similar to those in fallow,
sharing 56% of their species (Table 1), highlighting the
Apicotermes sp., Cubitermes sp., Macrotermes sp.,
Microtermes spl., Nasutitermes infuscatus, Nasutitermes cf.
kempae, Schedorhinotermes lamanianus (Figure 4). The
termites species composition in the forest plantations was
dissimilar to those of the miombo woodlands. The
Ancistrotermes latinotus occurred only in miombo
woodlands, whereas Trinervitermes rapulum occurred only
in forest plantations.

Ancistrotermes latinotus
Nasutitermes infuscatus
Macrotermes sp.

Apicotermes sp.

Microtermes sp.1

Cubitermes sp.
Schedorhinotermes lamanianus
Microtermes sp.
Pseudacanthotermes sp.
Trinervitermes rapulum
Microtermes sp.2
Undetermined1
Undetermined3
Undetermined2
Nasutitermes sp.
Undetermined7
Undetermined6
Undetermined4
Undetermined5
Nasutitermes cf.

Miombo
Fallow

w
c
2
=
<
S
[—
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o

Cropland

Figure 4. Dendrogram of species composition comparison between different land use type. In this diagram darker colors indicate species with higher
frequency/occurrence and lighter ones indicate low frequency. Land uses with similar colors indicate similarity in species composition, and with different

colors indicate species dissimilarity.

Table 1. Assessment of community complementary of termites in different land use types in studies area.

Habitat 1 Habitat 2 No. of total species No. of shared species C'omp!ementarlty -
diversity)
Croplands Fallow 13 7 0.47
Croplands Forest 16 7 0.44
Croplands Plantations 13 6 0.49
Fallow Forest 17 7 0.44
Fallow Plantations 11 5 0.62
Forest Plantations 18 4 0.73




American Journal of Agriculture and Forestry 2022; 10(1): 33-44 39

3.4. Termite Incidence and Damage Severity

Termites infested native and exotic plants of all land use
types considered in this study. Among the land uses, termites
showed the highest incidence rate 56% in forest plantations,
followed by native miombo woodlands 34%, fallow areas 29%

and finally agricultural areas with only 12% (Figure 5). Based
on the same figure it is noted that in terms of severity, the
termites reached the class of moderate damage to the plants of
the forest plantations and in the other categories (native forest,
fallow and cropland) the damage was limited to low.

Termite incidence (%)
t< S S

S

o
0
Low Low Low
Cropland Fallow Miombo
Land use

Damage severity
% Low
& Moderae

Moderate
Plantations

Low

Figure 5. Incidence and severity damage of termites in different land use type.

3.5. Economic Losses in Eucalyptus and Corymbia Plantations

The economic damage caused by termites in forest plantations is presented in table 2. Younger stands with only 2 year
suffered greater loss in volume around 1.77 m’/ha compared with old stand with 6 years where the losses were only 0.77

m’/ha, and consequently, higher economic damage.

Table 2. Losses associated with termite infestation in plantations of Eucalyptus and Corymbia stands at different ages.

Stand age (years) Volume lost (m*/ha) Economic loss (Mtn/ha) Costs (Mtn/ha) Economic damage (Mtn/ha)
2 1.77 5,575.50 27,900.00 33,475.50
6 0.73 2,299.50 27,900.00 30,199.50

Mtn stands for local currency Meticais (MZN); exchange rate $ 1USD approximately 64,00 MZN.

4. Discussion
4.1. Sampling Efficiency

In miombo woodlands, fallow areas and forest plantations,
at least 75% of the termite species richness expected in these
habitats was observed during sampling conducted in these
habitats. These results suggested a high efficiency of our
sampling method in land use types except for the croplands
where only 53% of the expected species were collected.
Therefore, this result suggested that more than three plots
needed to be sampled in croplands, in order to provide an
accurate picture of local species richness. Ideally, all species
accumulation curves would reach asymptote or stability,
indicating that all representative elements of the area were
collected [41].

Although, we found a low sampling coverage for
croplands in this study, our objective of assessing changes in
termite diversity along a gradient of land use intensification
could be addressed using the method of rarefaction and
extrapolation based on sample coverage. The rarefaction and
extrapolation based on sample coverage allowed us to
compare species richness of a set of communities with
different sample size selecting the lowest among these
maximum coverages as base coverage [42]. This method
yields less biased comparisons of richness between
communities [42].

4.2. Species Richness, Composition and Diversity Across
Land Use Types

In this study, we found 21 species belonging to 9 genera, 5
subfamilies and 2 families. These findings were close to
those observed by Nduwarugira et al. [43], who found 25
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species belonging to 18 genera, 5 subfamilies and 2 families
in miombo woodland in Burundi. Also, were similar to those
found by Donovan et al. [44], who recorded 28 species
belonging to three subfamilies in wet miombo in Malawi.
However, the species richness observed in this study was
lower than that recorded from Afrotropical rain forests [45—
47], probably due to climatic differences, especially the
temperature and rainfall. Additionally, termite diversity was
highly influenced by the aridity of the environment along a
rainfall gradient [46].

The results showed that the termite species richness and
diversity declined with an increasing land use intensification
gradient. Termite species richness was lower in agricultural
areas than in miombo woodlands. It decreased from the
miombo woodland to the forest plantations. These findings
are consistent with the findings of [43, 48-51], who reported
that termite species richness, diversity, abundance and
biomass decreased along the gradient of human disturbance.
Generally, areas with the same age of land use or that have
undergone the same type of land use change tend to present
similar species distributions [52].

The decline of the termite species richness and diversity in
croplands and fallows may be explained by the removal of
vegetation that affects the microclimate, quantity and quality
of feeding and nesting sites [49, 53]. The decline in species
richness and termite abundance was due to changes in
canopy cover, which caused greater fluctuations in
temperature and soil moisture content, which probably
caused desiccation of other functional groups, such as soil
feeders. Whereas, in the plantation forest, the decline in
species richness and termite abundance was probably due to
the modification of original habitats replaced by monoculture
of exotic species [54]. The simplification of local
environmental structures by reducing the number of native
plant species and increasing the number of cultivated species
has a negative impact on biodiversity [55]. In miombo
woodland in the same study area it was noticed that termite
species richness had a strong and positive correlation with
native plant species richness [56]. Additionally, less disturbed
habitats characterised by a diversity of species and
microhabitats such as the miombo woodlands in this study
contribute to the existence of high diversity and richness of
termite species, as these habitats are more capable of
providing a diversity of shelter and food conditions for
termites, such as: litter, wool, excrement, living or dead
wood, humus, plants roots [57]. Although, when looking at
termite densities, high densities have been observed in
disturbed environments such as croplands and plantation
forests in comparison to undisturbed areas such as almost
intact native forests [58].

However, the pattern observed in this study diverges
from that observed by Materu et al. [59], who found that the
gradient of land wuse intensification did not have a
significant effect on the richness, abundance and diversity
of termite species in Tanzania. A plausible explanation for
the pattern observed by Materu et al. [59] is that the most
disturbed habitat was an agroforestry system, inserted in a

primary forest, which could host many species, serving as a
refuge for species sensitive to disturbances; and later it
would facilitate the recolonization of species that were
initially eliminated [60].

The results showed that the land use intensification
gradient affects the termite species composition. Miombo
woodlands and fallows were similar, and both were
dissimilar to the croplands and forest plantations. This
pattern is in tandem with that obtained by Ackerman et al.
[61], who noticed dissimilarity between forest and home-
garden agroforests in central Amazonia. Similar results were
also observed in other taxa of soil macrofauna. For example,
Kone et al. [62] found that agricultural systems possess lower
ant species richness and a strongly different species
composition compared to forests.

The species similarity between miombo woodland and
fallows could be explained by the similarity in the
composition of native plant species richness, availability of
organic matter, dead wood, litter and the proximity of the
remaining forest patches to the fallows, which provide refuge
for the original miombo woodlands termite species and
subsequent recolonization of the fallows. In contrast to the
dissimilarity with croplands and forest plantations, which
was probably linked to the disappearance of native forest
species and the colonization of the space by the most adapted
species.

4.3. Termite Incidence and Damage Severity

In this study, the termite incidence occurred on all land
uses, although forest plantations was the land category most
infested by termites, while cropland was the least infested
category. The high incidence of termites observed in the
forest plantations in this study may be explained by the type
of Eucalyptus species (E. grandis and E. urophylla) in these
plantations, as E. grandis is considered to be one of the most
susceptible species to attacks by termites [57, 63]. According
to Nair [18], pest outbreaks are less frequent and less severe
in natural forests, and when infestation does occur, tends to
be small, it because in heterogeneous and diverse habitats
such as natural forest, pests have difficulties in finding hosts
due to lower suitable resources concentration for the pest and
an increase in natural enemy abundance.

The low level of termite incidence and severity attack in
croplands may have been due to the fact that the cropland
included in this study that had a variety of agricultural crops
which are environments that are expected to suffer less
damage of termites than monocultures. The similar results
were observed by Sekamatte et al. [64] and Mugerwa [65],
where they report a decline in termite damage due to the
integration of legumes crop into cereal crop in the fields.
Additionally, Jactel et al. [66], reported that pest densities
were significantly lower in mixed cultures than in
monocultures in 60-62% of cases, as in intercropping fields
pests have difficulties in finding hosts due to the existence of
a variety of crops, as well as the fact that in intercropping
fields increases the number of predatory ant nests. In that
regard, the diversification of crops in agricultural ecosystems



American Journal of Agriculture and Forestry 2022; 10(1): 33-44 41

can serve as a successful strategy for termites control by
naturally regulating the termite population [67].

In this study, although the termite attack was observed in
all evaluated land uses, the highest level of termite attack
severity was observed in the forest plantations. This can be
explained by the fact that the substitution of native areas,
which are characterised by a diversity of species, by
plantations, which have only a few species, contributes to the
adaptation of the diet of termites to the point where their diet
is restricted to a few species, resulting in huge population of
pests and more severe attack on the few species found in
plantations [18, 68]. In addition, according to these authors,
the species of termites, particularly pests, are able to present
high incidence in environments with almost homogeneous
conditions such as plantations because they are able to adapt
to the conditions of homogeneous habitats and are resistant to
these simplified environments. According to Nair [18],
termites rarely damage native species, this may explain the
low severity of termite attack observed in native forests and
fallow areas in this study.

Also, generally, the level of severity of termites in natural
forests is due to the fact that native plant species have the
ability to develop effective defenses against termites and this
contributes to the existing balance between plant growth and
termite feeding. This plant defense mechanism is provided by
the secreting chemicals such as oils, resins and lignins
existing in the walls of woody cells [69, 70]. In this regard,
termites would only cause damage to unhealthy, immature, or
stressed native trees [70]. The degree of susceptibility to
termite attack on plants varies and is influenced by several
factors such as species, age, forest site quality and physical
anatomical and chemical properties of the plant to termite
attack, floristic diversity, microclimate, spatial and structural
arrangement and tree management, may have implications in
plants susceptibility to termite attack [71].

It is relevant to mention that most of the species of
termites that are found in natural forests cannot be described
as pests, as their presence is not correlated with yield losses,
when they are not pests their presence has essential
ecological functions that support the sustainability of
ecosystems because the following benefits, improvement of
water permeability and nutrient availability [63, 72, 73].

4.4. Economic Losses in Forest Plantations

Termites can attack eucalyptus stands from the nursery to
the adult phase. However, the most severe damage is seen in
the nursery and in the first years after establishment of the
plantations [63], the similar result found in this study. The
greater economic damage seen in the younger plantations can
be explained by the fact that the lignin and cellulose in the
initial phases is still small and with the growth of the
individuals it increases and becomes more rigid which makes
it more difficult for the plants to be attacked by termites and
consequently less economic damage [74].

The results of this study clearly show that termites have an
effect on tree growth, which compromises the expected
volume at the end of the production cycle. In Eucalyptus

plantations in Brazil it was observed a loss of volume caused
by termites of 0.32 m’/ha for E. camaldulensis and 0.65
m’/ha for seven-year-old E. urophylla [75]. For the case of
the Eucalyptus and Corymbia plantations under study, costs
of control can be considered reasonable since, according to
Anjos [76], using chemical termicides in Eucalyptus
plantations for control can reach 5% of total forest
implantation cost. With regard to economic damage, Zanetti
et al. [75], observed in their study a damage by termites of
USS$ 2.82/ha at the end of each Fucalyptus cycle for charcoal
production (seven years), also referring that volume losses by
termites could reach 6,580.00 m®/year which represents about
USS$ 39,480/year for the area they studied. Bonetti [35], in
his study, observed a 50% loss in production corresponding
to US$ 12.33/ha.

5. Conclusions

Termite species composition was affected by land use
change, grouped according to the similarity of termite
community composition with croplands and forest
plantations forming one cluster, and the miombo woodlands
and fallow forming other. Also, the termite’s species richness
was affected by land use changes, it decreases with
increasing habitat disturbance.

Termite incidence is highest in plantation forests, followed
by native woodlands, fallow areas and croplands; while the
severity of termite damage was low in natural forests, fallow
areas, and croplands, and ranged from low to moderate in
forest plantations. The termites damage in forests plantation
decreases with the plantation ages, implying that effective
control is needed in young plantations to avoid yield losses.
In addition, the dissimilarity in termite species composition
between forest plantations and miombo woodlands suggest
that in the miombo woodlands, fallow areas and croplands,
termite incidence does not necessarily imply economic
damage but they likely contribute for maintenance of the
ecological functions of these habitats.
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