SUSCEPTIBILITY OF FIVE FOREST SPECIES TOCoptotermes gestréi
José Hildefonso de Souz&len de LimaAguiar Menezes Robson Maufie Euripedes Barsanulfo MeneZzes

ABSTRACT Termites ae well known for their ability to damage wood and various types of wood-derived
products. This study was performed in the municipality of Seropédica, Rio de Janeiro state, Brazil, with the
objective of evaluating the susceptibility of the wood of five different forest species to the activity of the Asian
subteranean termiteCoptotermes gestroi\bod stakes &mm the following fagst species werused as specimens:
pine(Pinussp., Pinaceae), Brazil nuBértholletia excelsd_ecythidaceae), cabbage angdlindira inermis
Leguminosae-Papilionoideae), macarand{idanilkara huberiSapotaceae) and pink ipEapebuia avellanedae
Bignoniaceae). The stakes, with dimensions of 2 cm x 2 cm x 16 cm, were subjected to the activity of
gestroifrom September 2, 2006 to June 2, 2007. The experimental design consisted of randomized blocks
with four replications in an 1 x 5 x 3 factorial amngement. Welve stakes of each of the fiveefsirspecies

were installed at each of eleven sites, totaling 660 stakes. Three evaluations were performed, at 90, 180 and
270 days after stake installation. The results indicated that the pine, Brazil nut and cabbage angelin stakes
were more susceptible @ gestroattack, while the pink ipé and magaranduba stakes suffered no significant
damage from this termite. There was a significant negative correlation between the wood consumption rate
and the wood density of the species studied. The woods most susceptigkstooattack presented moderate

to low densities and therefore less resistance, as in the case of pine and cabbage angelin.

Keywords: Isoptera, Rhinotermitidae, subterranean termites and termite damage.

SUSCETIBILIDADE DE CINCO ESSENCIAS FLORESTAIS A Coptotermes gestroi

RESUMO - Os térmitas sdo bem conhecidos por sua capacidade de danificar madeira e varios tipos de produtos
derivados. O estudo foi realizado no municipio de Seropédica, RJ, com o objetivo de avaliar a susceptibilidade

da madeira de cinco esséncias florestais a agdo do cupim subterraneo asiatico, Coptotermes gestroi. Como
corpos-de-prova foram utilizados estacas de madeiras das seguintes esséncias florestais: pinho (Pinus sp.) (Pinaceae),
castanheira (Bertholletia excelsa) (Lecythidaceae), angelim (Andira inermis) (Leguminosae-Papilionoideae),
macaranduba (Manilkara huberi) (Sapotaceae) e gléefiuia avellanedae) (Bignoniaceds)estacas, com

dimensdes de 02 cm x 02 cm x 16 cm, foram submetidas a acao de C. gestroi, no periodo de 02 de setembro
de 2006 a 02 de junho de 2007. O delineamento do experimento foi em blocos ao acaso com quatro repeticdes
em arranjo fatorial 11x5x3, composto por 11 locais, cada um incluindo as cinco espécies florestais, totalizando
660 estacas e as avaliagdes efetuadas aos 90, 180 e 270 dias apds a instalagéo das estacas. Os resultados indicaram
que as estacas de pinho, castanheira e angelim sdo mais susceptiveis ao ataque de C. gestroi, enquanto que
as estacas de ipé e magaranduba nao sofreram danos significativos por esse térmita. Houve correlagao significativa

e negativa entre as taxas de consumo de madeira e a densidade da madeira das esséncidssanauizidas.

mais susceptiveis ao ataque de C. gestroi apresentaram densidades moderadas a leves, portanto, menos densas
e menos resistentes, como o pinho e a castanheira.

Palavras-chave: Rhinotermitidae, cupim subterraneo e danos.

1. INTRODUCTION mahogany$wietenisspp.) and angicddhadenanthera
) o . spp.), guarantee these species a range of uses in both
According to Oliveira et al. (1986), the desirable ., a1 and urban settings, and they have played a
wood characteristics of certain tree species, includingrominent role in the development of civilization since
hardwoods such as jacarandkmg¢arandaspp.), the origin of humanityAmong these characteristics,
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the following are notable: elevated mechanical resistancand natural ecosystems altered, making some termite
in relation to mass, machinabilijthigh chemical species a great menace to humans and imposing a greater
resistance, good thermal and electrical isolation propertieselevance on studies of termites.

and natural diversity in textures and colors to satisfy

. In this context, the objective of the present study
the various tastes of consumers.

is to evaluate the susceptibility of five different wood
One factor that limits the utilization of wood for types to attack by th&sian subterranean termite,
various end products is, without a doubt, its low naturalCoptotermes gestrpfor a period of 270 days under
durability. Knowledge of the natural resistance or field conditions.
susceptibility of wood is therefore of fundamental
importance for recommendations concerning its most 2. MATERIALS AND METHODS
appropriate uses, particularly in the furniture and civil

construction industries. Not only does this help toon the campus of the Universidade Federal Rural do

avoid unnecessary costs for the replacement of partizio de Janeiro (UFRRJ), in Seropédica, RJ (22° 45'S
but it also reduces the impact on residual forests by ' ' '

. . 43° 41°'W; altitude 33 m) at the following sites: near

reducing deforestation A4S et al., 2004) the Departments of Geology (DG) and Mathematics

Due to the organic nature of its constituent polymers[Pytagoras Building (PYT)], the Institutes of Biology
wood can have its durability compromised by a variety(IB), Human and Social Sciences (ICHS), Chemistry
of biological, physical and chemical agents. By virtue (PQ),Technology (IT) and/eterinary Science (1V),
of its structure and chemical composition, it suffersthe Male Dormitory 5 (M5), the Central Library (BC),
from attacks by various deteriorative organisms,the Central Pavilion (P1) and the residential area known
principally fungi and termites (HUNand GARRAT,  as the Ecological neighborhood (RE) (belonging to
1967; CA/ALCANTE, 1982; LOPEZ and MILANO, 1986; UFRRJ and Embrap@grobiok)gy)_The minimum
TREVISAN et al., 2007)Termites use wood as food djstance between these points is roughly 300 m, with
and as a physical medium for shelter and nesting, anghe exception of BC, which is located about 50 m from
thus, in any circumstance, they cause damage to the]  Selection of these sites was based on the studies
wood. In contrast to fungi, termites destroy wood by f Bicalho (2000) and Peralta (2001), which identified

burrowing in the wood structure to create galleries the first natural infection centers of subterranean
consequently altering its mechanical resistance. iarmites in this area.

The experiment was set up on September 2, 2006,

Brazil possesses one of the most diverse termite  Tpe predominant climate in the region is hot and
fauna in the worldTermites are social insects of the ,,mid. without a pronounced winter (the average
order Isoptera, which contains roughly 3000 c:atalogueotlemloelralture of the coldest month is 15.7°C), and the

species throughout the world. In Brazil, approximately . ;i nta1| regime is distinguished by the presence of
300 species distributed in four families (Kalotermitidae,a rainy period during the summer and a dry period

SerritermitidaeTermitidae and Rhinotern”_niti_dae) have during the winter (PESAGRO-RIO, 1990).

been recorded. Known for their economic importance

as pests in wood and other cellulosic materials, termites ~ Wood stakes (2 cm x 2 cm x 16 cm) from the
have also attracted the attention of many scientistéollowing forest species were used as specimens:
due to their unique social system. Not only do theypine Pinussp., Pinaceae), Brazil nuértholletia
cause considerable economic damage in tropical urba@xcelsa Lecythidaceae), cabbage angelmdira
areas, but they also play an essential role in the processigermis Leguminosae-Papilionoideae), macaranduba
of decomposition and nutrient recycling (Manilkara huberj Sapotaceae) and pink ipé
(CONSTANTINO, 1999).The basic food source of (Tapebuia avellaneda®&ignoniaceaejll five species
termites is cellulosic and lignocellulosic material of are widely used in civil construction and furniture
different forms: live or dead wood in different stagesproduction. The wood samples were obtained in the
of decomposition, grasses, roots, seeds, herbivore fecasunicipality of Seropédica (km 49 on the old Rio-
humus, manufactured goods, etc. (BERLHO, 1995). S&o Paulo highway and current BR 465 highway)
However, by virtue of modernization and great advanceand on the UFRRJ campus. Of these forest species,
in the agricultural sector, large areas have been degradethly pine is considered exotic and was used as an

R. Arvore,Vigosa-MG v.33, n.6, p.1043-1050, 2009



Susceptibility of five forest species ... 1045

indicator of termite activity (Bultmaand Southwell, The variables were subjectedNOVA (analysis
1976). Identification was performed by means of theof variance) using the program SISR v.4.5.The
distinctive color of the wood of each species as wellaverages of the treatments were compared using the
as by numbering of the stakes. Scott-Knott test at a 5% probability level. Linear regression
analysis was used to determine the functional relationship

The experiment was set up in random blocksb oW the rate of d tion b bt
with four replicates in an 11 x 5 x 3 factorial arrangement. etween Ihe rate of wood consumption by subterranean

Four replicates were used for each combination 0{ermltes and the density of the wood. The consumption

forest species, site and evaluation date (one stak'@te was determined by the difference between the initial
per replicate). Thus, twelve stakes of each of thef"md final weights of the stakes at 270 days after

five wood species were installed at each of eleveHnSta”at'on'
sites, totaling 660 stakes. Three evaluations were
’ . ) 3. RESULTSAND DISCUSSION
performed, at 90, 180 and 270 days after installation
of the stakes. The wood stakes from the five forest species studied

were infested by thAsiatic subterranean termite,
%optotermes gesti (Wasmann) (lsoptera:
Rhinotermitidae). The presence of basidiomycetes (wood

once at the end of its collection period (final weight). . . .
L s . decomposing fungi) was also observed, along with
After the determination of the initial weight, the samples .
other insects that do not damage wood such as ants,

were immersed in water for 24 hours in plastic containers .
with a capacity of 20 liters. Next, the stakes Werecockroaches and beetléscording to Hunt and Garratt

buried vertically at each site at a depth of 20 Cm(1967), Cavalcante (1982) and Oliveira et al. (1986), the

and a spacing of 8 cm according to the methodolog)?ec"fly Olf Wr?Od 1S ? Ch,en_]r'ﬁal prqcess Calﬁsed by rit
of Edwards and Mills (1986). Installation was performed 'Und! (xylophagous fungi). These microorganisms attac
I the cell walls, irreversibly altering the physical-mechanical

doroperties and compromising wood resistance.
or 270 days. The susceptibility of the wood to According to Sands (1969), the environment of

subterranean termite activity was determined basegubterranean termites normally includes a wide variety
on the mass of the wood stakes consumed by the<d Wood degrading fungi, some of which compete with

insects, which was calculated as the difference betweefh® termites for cellulosic material as a food source.
the initial and final weights of the stakes. In general, the Rhinotermitidae benefit from association

_ ) _ with these fungi. For examplegntinus palliduserk.
The density of the different species of wood wasg cyrt. degrades compounds in the corinfis caribaea
determined using the stereomet_ry method by immersionnat are toxic tCoptotermes nigeBnyder, making
as proposed byital (1984). In this method, the volume s the preferred site for feeding and nesting of the
of the stake is determined by the variation in liquid |51 species (WILLIAMS, 1965). On the other hand,
weight. Each staI.<e was immersed in Water.m a 1(?0050me wood degrading fungi produce compounds that
ml graduated cylinder whose volume was filled with 5o yoxic or repellent to the termites (SANDS, 1969).
water to mammu_m_capamt?he_ cylinder was then Ruyooka (1979) showed that wood decomposed by
gaﬁei on arf).rehcmo'n elec;ror:uc ba_laﬁcef(ic'flpp?{he fungusGloeophyllum trabeuriPers.) was repellent
el a al)\i w 'E regklstere the Wz'ght of the |n|t|de_l to the subterranean termiasutitermes exitios(slill).
volume. Next, the stake was removed, the corresponding, this context, it appears that the basidiomycete fungi

final weight was obtained and the volume of the stake[hat infected the wood stakes in the present study
was determined by the dérence After obtaining made them more attractive @ gestroi

the volume, the stakes were placed in a drying oven
for 24 hours at 100°C and then in a desiccator for ~ Wood fromPinuspresented the lowest mean density
30 minutes for subsequent weighing to obtain dry(0.42 g.cn¥), proving to be a lightweight wood, as stated
weight (LENZ and ZI-RANGL1985) The average density by Trugilho et al. (1990). The native species (Brazil
of the wood was calculated by the following equation:nut and cabbage angelin) presented intermediate values
D= M/V, where D= mean density (g.¢ilmM=mean of wood density (0.70 and 0.78 g.€mespectively),

dry mass (g) and V= mean volume @m agreeing with Lorenzi (1992), who classified these woods

Each stake was weighed twice, once before th
installation of the experiment (initial weight) and

with the aid of a posthole digger and brick trowe
Each stake remained in the soil for either 90, 18
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as moderately heavyood from pink ipé and Coptotermes formosanw@hiraki, whileManilkara
macaranduba was the most dense (1.00 and 1.04 g.cmultinervis(1.09 g.cn¥) was not damaged by these
3, respectively); these woods were classified as vergubterranean termites during 56 days of exposure.

heavy by Lorenzi (1992). These results corroborate the statements of Bultman

The feeding behavior @. gestroiwas influenced and Southwell (1976), Bultman et al. (19@8apAbreu
by wood densitywhich was directly related to and Silva (2000) that termites prefer less dense woods
consumption rate (Figure 1). The greater the woodlue to the mechanical ease of their breakdown. Itis
density the less was consumed®ygestoi. Therefore, important to highlight that wood density is not the
this termite species showed a preference for the les@ly factor that provides resistance to termiesording
dense woods over the more dense ones. This behavitt Bultman and Southwell (1976), Moore (1979) and
was similar to that reported fBeticulitermes flavipes Barbosa et al. (2003), the high resistance of some wood
Kollar (Rhinotermitidae) by Behr et al. (1972), who SPecies to termites can be explained by the properties
observed a negative correlation between wood densit9f their chemical components because there is a close
and consumption. In experiments conducted in thdelationship between the percentage of toxic extracts
forests of Panama, Bultman and Southwell (1976) studie@nd the natural durability of the wodkccording to
the natural resistance of the wood of 114 arboreal specidsUnoda (1990), studies on wood extracts are valuable
and concluded that density is one of the factors thato" Understanding resistance to biodegradation.

give resistance to the wood; the more dense and heavy Differences were observed among sites in the mass
woods presented greater natural durability and resistangst the wood stakes consumed®ygestroifor each

to infestation by subterranean termites (including  evaluation period @ble 1) This result may be explained
niger). When analyzing the natural resistance of 43in part by the foraging behavior 6f gestroi Recent
tropical arboreal species in laboratory conditions, Bultmarexperiments have shown that termites do not conform
et al. (1979) observed thRainus elliotti(with a mean to a homogenous distribution among different food
density of 0.54-0.59 g.cf) was highly damaged by sources that are being consumed by the same colony

y=-632,In(x)+ 28,72
R==0.879
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500 - ‘Bertholletia excelsa
C: 400 | Andira inermis
5 &
E Manilkara huberi
2 300 - O .
& Tapebuia avellanedae
“© 200 O

100 - <>

O T T T T 1

0 0,2 0,4 0,6 0,8 1 1,2

Densidade da madeira (g cm3)

Figura 1 —Influéncia da densidade da madeira na taxa de consumo (em gramas) das estacas de madeira de cinco esséncias
florestais poIC. gestroi

Figure 1 —Influence of the wood density on the consumption rates (in grams) of the wooden stakes of five forest species
by C. gestroi
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(EVANS, 2002; LONG an@HRONE, 2006). However  of pine, Brazil nut and angelin stakes was similar and
each site may have been occupied by different coloniesignificantly greater than consumption of magaranduba
of C. gestroj considering that all sites were separatedand pink ipé at BCAt the other locations, there was
by at least 300 m (except for BC and P1, which wereno significant difference among the five forest species
separated by 40 m) and that the foraging castef the mass consume&t 180 days, pine was consumed
(particularly the workers) of this species can wandersjgnificantly more than the other species at BC, M5
up to 100 m and present a foraging area of 172.5 tgng p1. The consumption of pine and Brazil nut stakes
5235t (ARAB et al., 2005). was equal and greater than that of the other species
At 90 days, pine was consumed significantly moreat PYT and IGHS. There was no significant difference
by C. gestroithan wood of the other forest species in the consumed mass of pine, Brazil nut and cabbage
at P1 (Rble 1) At this evaluation date, consumption angelin stakes installed at IB and DGyet consumption
of pine and Brazil nut was similar at While consumption  of these species was significantly greater than that

Tabela 1- Massa consumida (em grama) das estacas de madeira de cinco esséncias flor€sgesiponos diferentes
locais e nas trés épocas de avaliacdo. Seropédica - RJ, setembro 2006 a junho de 2007.

Table 1 — Consumed mass (in gram) of the wooden stakes of figstfepecies b§. gestroiin the diffeent localities
and at thee times of evaluation. Sgrédica - RJ, Septemh&006 to June, 2007.

Local Epoca Esséncia florestal
pinho castanheira angelim macaranduba ipé
RE 90 0a 0a 0a 0a 0a
180 0 a 0 a 0 a 0 a 0a
270 0 a 0 a 0 a 0 a 0 a
PYT 90 0,75 a 0,25 a 0a 0a 0,25 a
180 2,25 a 5,25 a 0,25 b Ob O0b
270 14,5 a 50b 1,25 ¢ Oc 1,35 ¢
v 90 1,0 a 1,75 a 0 a 0a 0 a
180 2 a 1,35 a 0,5 a 0a 0a
270 10,65 a 501 b 0,25 ¢ 0c 0c
1T 90 0a 0,75 a 0 a 0a 0 a
180 2,85 a 3,75 a 1,25 a Ob O0b
270 8,0 a 3,75 b 0,75 ¢ 0c 0c
ICHS 90 0a 0a 0a 0a 0a
180 4,5 a 1,85 a Ob O0b 0b
270 5,6 a 2,35 b 2,25 b Oc Oc
1B 90 3,75 a 2,5 a Ob Ob O0b
180 2,25 a 3,75 a 1,5 a Ob 0,25 b
270 8,4 a 8,25 a 1,1 b 1,25 b 0,25 b
DG 90 0 a 0,85 a 0 a 0a 0 a
180 3,5 a 5,6 a 2,1 a Ob Ob
270 9,5 a 10,75 a 1,75 b Oc Oc
BC 90 2,45 a 2,5 a 2,0 a Ob O0b
180 5,45 a 4,5 b 2,1b Oc Oc
270 13,25 a 8,0b 2,25 ¢ 0d 0d
M5 90 0,6 a 0,75 a 0a 0a 0a
180 11,75 a 7,0b 0,5¢c Oc 0,1c
270 15,25 a 7,25 b 0,35 c 0,5c 0,6 c
PQ 90 0a 0a 0a 0a 0a
180 0 a 0,5 a 0 a 0a 0 a
270 1,75 a 1,55 a 0,75 b Ob O0b
P1 90 2,25 a Ob O0b 0b 0b
180 4,25 a 1,2 b 1,25 b Ob O0b
270 55 a 4,75 a 1,25 b 0b 0b
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of macaranduba and pink ip&t 270 days, the pine 1.35 g (Bble 1).These results corroborate those of
stakes installed at PYTV, IT, ICHS, BC and M5 were  Bultman and Southwell (1976), who observed, for example,
consumed more than other species, while consumptiothat yellow ipé Tabebuia chysanthg stakes with

of pine was equal to that of Brazil nut and greater thardimensions of 3.8 cm x 3.8 cm x 45.7 cm exposed to
that of all other species at IB, DIBQ and P1. In general, the activity of wood biodegradation organisms for 30
pine was most susceptible to attaclbygestroj which months in the field suffered no damage from subterranean
reinforces the use of this wood as an indicator of termitéermites, showing traces of damage only after 7.5 years
activity, as suggested by Bultman and Southwell (1976)(90 months) of exposure. In the case of pip@(s

sp.), severe damage was observed after only 12 months,

The consumption of pine by. gestroireached
a maximum of 15.25 g after 270 days. Studying theand the stakes were completely destroyed after 30

. - E’nonths. These authors also observed that cabbage
consumption of another exotic forest tree, Peralta ean elin stakes suffered no damade after 12 months
al. (2004) observed th&. gestroiwas capable of 9 9

consuming up to 14.62 g of wood from three differentof exposure in the field, but the_ stakes were complet_ely
T . destroyed after 30 months. It is probable that the high
eucalyptus species in 60 da§mab et al. (2005) estimated . . .
. . . concentrations of compounds toxic to termites and
that the consumption rate of pine By gestroiwas

26.8 g in 90 daysAccording to Bennett et al. (1996), the high wood densities of the native species studied

the estimated consumption of different pine speciesare factors that provide resistance to the activity of

by C. formosanuss between 0.02 and 0.381 g in 60 these degrading insects, as demonstrated by Bultman

days, showing that this species is less voracious tha%nd Southwell (1976).

C. gestoi. According to Bultman and Southwell (1976), The residential neighborhood (RE) was the only
C. formosanuss a highly voracious and extremely site at which the stakes were not consumed.lgestroi
destructiveAsiatic species that infests woods (Table 1). Howeverthe presence of this termite has
understood to be highly resistant to termite attackpeen reported in this area by Bicalho (2000) and Peralta
making this species a good test organism for evaluatin@001). It is probable that the lack of consumption of
the natural resistance of wood to subterranean termitethe stakes was caused by the high availability of food
However, the results of the present study indicate thain this area, ranging from fallen twigs to trees, which
C. gestroiis also a good test organism, perhaps betteare commonly attacked k. gestroiin urban areas
thanC. formosanus (FONTES and\RAUJO, 1999)According to Duryea

The consumption of cabbage angelin, magarandubgzo.os)’ degrading Iltter'can provide necessary foqd
while subterranean termites forage for other cellulosic

and pink ipé stakes did not differ significantly among L .
. . . - material in or around residences.
sites, with the exception of BC, where cabbage angelin
was consumed more after 90 days. The same pattern The results of the present study indicate that pine
was observed after 180 days gtlH, DG and BC and and Brazil nut are not recommended for use in the furniture
after 270 days at ICHS, DG and BGafle 1). and civil construction industries, requiring (especially
. . tfor civil construction) prior evaluation for the presence
In general, the consumption of all the species o .
i L . of subterranean termites. On the other hand, cabbage
wood byC. gestroiincreased with time, suggesting i dub d bink iné iate f
that the resistance of the wood diminished during th&NYENN, macaranduba and pink Ipe are approprla_e or
. . : . these uses because they demonstrate greater resistance
period of exposure to the termitég.all sites, with to termites under field conditions
the exception of PY,TIB and M5, the macgaranduba ’
and pink ipé stakes were not consumebygestroi Evaluation of the resistance or susceptibility of
until 270 days of exposure, indicating that these specieforest species to termites under natural conditions is
are much more resistant to termite attack than cabbagecreasingly important in determining appropriate uses
angelin, Brazil nut and pine. However, the termitesof various woods. Such studies may contribute to a
attacked the pink ipé stakes at 90 days at PYT andeduction in the use of chemical preservatives for wood
at 180 days at IB and M5, and they attacked thdreatment. Utilization of wood with high resistance to
macaranduba and pink ipé stakes at 270 days at aliérmites tends to diminish the need for additional
three sites. Still, the maximum consumed mass was onlgreventative measures to increase wood durability
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4. CONCLUSIONS BICALHO, A.C. Aspectos
comportamentais, taxa de consumo e
- Pine and Brazil nut are susceptibl€mptotermes marcacdo do cupim subterraneo
gestroiattack, while cabbage angelin, macaranduba an§optotermes havilandiHolmgren, 191

pink ipé are more resistant to the activity of these(/Soptera: Rhinotermitidae) em area
subterranean termites. residencial. 2000. 82f. Dissertacdo (Mestrado

emAgronomia) — Universidade Federal de

- Density is a determining parameter in the resistancle‘avras’ Lavras, 2000.

of woods to attack bg. gestroi BULTMAN, J.D. et al. Natural resistance of some

) o ) . . tropicalAfrican woods taCoptotermes
- Pine stakes can serve as indicators of termite activityy rmasanusShiraki. Forest Products

when testing the natural resistance of other woods tgournal, v.29, n.6, p.46-51, 1979.
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