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Abstract
The objective was to evaluate the effect of cutting the central leader, in a similar way to that performed by 
Oncideres saga (Dalman), on the diameter and height growth of Acacia mangium Willd. trees. An experiment 
was carried out in May 2007 in Coimbra, Minas Gerais, Brazil, with a randomized complete block design, split 
by the time according to the age of the trees (40 to 46 months). A total of 54 trees were monthly evaluated 
in three blocks, where three treatments were applied, with six trees in each experimental plot. The applied 
treatments consisted of “uninjured” (T1 = control), “complete defoliation of the central leader” (T2) and 
“cutting the central leader” (T3). The diameter at breast height (DBH) and the total height (H) of each tree 
in the experiment were evaluated. The results were submitted to analysis of variance, test of significance, 
regression analysis and identity test models. The diameter and height had an increasing linear growth rate. 
The cutting of the central leader, similar to that made by O. saga, affected growth in height. The height 
growth of the trees that had the central leader cut had an equivalent effect to those that were defoliated.
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Resumo
O objetivo desse trabalho foi avaliar o efeito do corte do ponteiro principal de Acacia mangium Willd., 
semelhante ao realizado por Oncideres saga (Dalman), sobre o crescimento em diâmetro e altura. 
Um  experimento foi instalado, em maio de 2007, com delineamento em blocos ao acaso, parcelas 
subdivididas no tempo em função das idades das árvores (40 a 46 meses), em Coimbra-MG. Avaliou-se 
mensalmente 54 árvores, dispostas em três blocos onde foram aplicados três tratamentos, com seis árvores 
em cada parcela experimental. Os tratamentos aplicados consistiram em “Sem injúria” (T1=Testemunha), 
“Desfolhamento do ponteiro principal” (T2) e “Corte do ponteiro principal” (T3). Foi avaliado o diâmetro com 
casca a 1,30 m de altura (DAP) e a altura total (H) de cada árvore no experimento. Os resultados obtidos 
foram submetidos à análise de variância, teste de significância, analise de regressão e teste de identidade 
de modelos. Como resultado, constatou-se que o diâmetro e a altura apresentação taxa de crescimento 
linear crescente. O corte do ponteiro principal, à semelhança do que faz O. saga, afetou o crescimento 
em altura. O crescimento em altura das árvores que tiveram o ponteiro principal cortado apresentou efeito 
equivalente àquelas que foram desfolhadas.

Palavras-chave: Entomologia Florestal, Serrador; Injúria; Desfolha artificial

INTRODUCTION

In 2017 Brazil had more than seven million hectares planted of Eucalyptus spp., Pinus spp. and 
some plantations such as Acacia spp., Araucaria angustifolia, Hevea brasiliensis, Populus spp. and Tectona 
grandis. Acacia spp. plantations corresponded to approx. 160 thousand ha, with most of them in 
the States of Rio Grande do Sul, with Acacia mearnsii De Willd. and Roraima, with Acacia mangium 
Willd. (AGEFLOR, 2017; ARCO-VERDE, 2002; IBÁ, 2018).
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Defoliation caused by insects may decrease the leaf area and, consequently, reduce wood 
production, as it decreases the photosynthesis rate (CEULEMANS; SAUGIER, 1991). The effects 
of defoliation have been studied using trees damaged by insects or through artificial defoliation 
(ABBOTT et al., 1993; CANTARELLI et al., 2008; FERNANDES, 2004; FREITAS; BERTI FILHO, 1994a,b; 
FREITAS; MACHADO, 1998; MAFIA et al., 2014; MATRANGOLO et al., 2014; MENDES, 1999; 2004; 
DE NADAI et al., 2012; OLIVEIRA et al., 2014; REIS FILHO et al., 2011). The tree, in order to replace 
its lost leaf area, is disturbed in its use of photo-assimilates, which may affect its development and 
production (DICKSON, 1991).

Trees defoliated by beetles may have growth reduction, poor wood quality and even die 
(CORDEIRO et al., 2006; FERNANDES, 2004; MENDES, 1999; 2004; DE NADAI et al. 2012; PEDROZO, 
1980). The effects of defoliation caused by beetles known as “twig girdlers” were until now, poorly 
evaluated (CORDEIRO et al., 2006; LEMES et al., 2013; PEDROZO, 1980).

Most of these beetles belong to the genus Oncideres (Cerambycidae: Lamiinae) (CARAGLIO et al., 
2001; DI IORIO, 1996). They are known as twig girdlers because they girdle branches and central 
leaders of trees, which the females use as a oviposition site. The Oncideres girdling behavior may 
facilitate the action of plant pathogens, alter tree canopy architecture, reduce seed production, interfere 
with reproduction capacity and increase mortality rate of girdled trees. The greatest damage occurs 
when the central leader is girdled, causing bifurcations and depreciating the wood’s commercial 
value (CARAGLIO et al., 2001; COULSON, 1979; COUTINHO et al., 1998; ROMERO et al., 2005).

Adult twig girdlers usually emerge in October in most parts of Brazil (GALILEO; MARTINS, 2006), 
and can live from three to four months (COUTINHO et al., 1998; LEMES et al., 2013). In the State 
of Minas Gerais, Oncideres saga (DALMAN, 1823) emerges between November and April and has 
been reported to damage A. mangium trees (CORDEIRO, 2008; LEMES et al., 2015).

The objective of this work was to test the hypothesis that O. saga girdling on the central leader 
has the same consequence as leaf loss of the central leader in the development of A. mangium, under 
commercial planting conditions. This hypothesis will be tested by simulating both injuries.

MATERIAL AND METHODS

Some A. mangium trees were cut in a similar way to O. saga girdling using a bow saw and others 
were manually defoliated. Both were compared to undamaged trees (control), under the same growing 
conditions, to test the hypothesis that branch girdling is as harmful to the trees as defoliation.

The experiment was performed in the municipality of Coimbra, Minas Gerais state, Brazil 
(20º 51’ 24” W and 42º 48’ 10” S, altitude 720 m, average annual temperature of 19°C and average 
annual rainfall ranging between 1300 to 1400 mm), in May of 2007, in a plantation with approx. 
3,000 A. mangium trees, 40 months old, spacing of 3x2 m, planted on a steep slope. The wood 
produced was for logs and fence posts. Piptadenia gonoacantha (Mart.) J. F. Macbr. and Anadenanthera 
macrocarpa (Benth.) Brenan trees were planted at the upper part of the slope and there were banana 
and eucalyptus plantations and pastures in the surroundings.

The experimental design was a randomized block design, with the plots measured at seven 
different ages (from 40 to 46 months); a period without occurrence of O. saga adults. In each of the 
three replicates (three blocks defined based on site physiography), 18 trees were randomly assigned. 
These trees were, once again, randomly divided into three groups of six trees (PEDROZO, 1980). 
A treatment (T1 = uninjured (control), T2 = complete defoliation of central leader or T3 = “girdling” 
of the central leader) was applied in each of the three sets of six trees.

The position of the cut was defined based on the mean diameter of branches and stems girdled 
by O. saga (3.8 cm) and by its preference of girdling position (central leader), based in field 
measurements and literature review (CORDEIRO et al., 2006; VIDAURRE et al., 2001; WENDT et al., 
1998). The artificial defoliation was performed from the same diameter (3.8 cm) towards the apex 
of the tree, manually removing all leaves.

The circumference at breast height (1.3 m) and the total height (H) were measured in all evaluated 
trees, immediately after the treatments applications (40 months old) and them monthly, until the 
age of 46 months. The circumference was measured with a millimeter tape and the total height with 
a rod, with accuracy of 50 cm, due to the slope conditions and the density of the planting.
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The mean diameter (q) and mean total height per tree (H) were determined for each treatment 
and repetition (blocks 1, 2 and 3) at each age. Immediately after the treatments, the variables q and 
H were submitted to the t test (α=0.05) to compare each variable among the treatments.

The hypotheses of normality of the errors (Lilieffors test at 5% of significance) and the homoscedasticity 
hypothesis (Hartley test at 5% of significance) were evaluated before variances were analyzed. When 
these assumptions were met, the variables q and H were submitted to analysis of variance, significance 
test, regression analysis and model identity test, using the software Statistic 10 (STATSOFT, INC, 
2012). The statistical model of the experiment was ( ) ( )ilj j i l i lY m b t e a I t I e b= + + + + + + .

Irrespective of the significance of the interaction between main treatment and secondary treatment 
(subplot = age), the necessary splits were made. The treatments were discriminated by the Tukey test, 
at a level of 5% of significance, for each age, when necessary. The variables q and H were correlated 
with age by means of regression in each treatment. Simple linear models, the quadratic model 
and the square root model were tested. The best model was defined for each variable based on the 
adjusted coefficient of determination, and by the analysis of percent residuals. A model identity test 
was applied when the same model was defined for two or three treatments (CUNIA, 1973).

RESULTS AND DISCUSSION

The interaction between treatment and age for the mean diameter was not significant, that is, there 
was no difference between undamaged A. mangium trees to those damaged (Table 1). Oliveira (2007) 
and Pedrozo (1980) also found no difference for the mean diameter of damaged and undamaged 
trees of Mimosa scabrella Benth. (Fabaceae) and A. mearnsii by Oncideres impluviata (GERMAR, 1824). 
This occurred because the diameters were measured soon after the treatments were applied, and 
the development of damaged trees was not evaluated over time (PEDROZO, 1980). In the present 
study, the variables were evaluated when the treatments were applied and the six months thereafter. 
Although the diameter growth was not different among treatments, the girdling of central leaders 
may reduce wood use, since the trunks become deformed, compromising the logs size, the harvest 
and wood processing (OLIVEIRA, 2007). Thus, future research should evaluate the effects of girdling 
on the tree shape and wood quality.

Although interaction between treatment and age was not significant for mean diameter, this 
interaction was spread to study the effect of each treatment at each age and the effect of age per 
treatment (Table 1).

The simple and quadratic linear models were adjusted and the simple linear model 0 1Y Xβ β ε= + +  
was selected. The estimated equations are shown in figure 1. The linear growth rates in mean diameter, 
in the evaluated time interval, were 0.16; 0.13 and 0.15 cm, for treatments 1, 2 and 3, respectively. 

Table 1:	 Analysis of variance of the mean diameter (q) and height (H) of Acacia mangium Willd. trees.
Tabela 1:	 Análise de variância do diâmetro médio (q) e da altura (H) das árvores de Acacia mangium Willd..

Sources of variation mean diameter (q) height (H)
significance

Block ns *
Treat. ns *
Error (a) -
Age * *
Treat. x age ns ns

Treat./40 months ns ns

Treat./41 months ns *
Treat./42 months ns *
Treat./43 months ns *
Treat./44 months ns *
Treat./45 months ns *
Treat./46 months ns *
Age/Treat. 1 * *
Age/Treat. 2 * *
Age/Treat. 3 * *
Treat: Treatment; *: P< 0,05; ns: P> 0,05.
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Trees that had the central leader defoliated (T2) grew less in diameter. When comparing treatments 
one‑to-one, there was no statistical identity between the mean diameter equations, and three equations 
were defined (Figure 1). Thus, there was no similarity, for the mean diameter, between the defoliated 
and “girdled” trees.

Figure 1:	 Diameter growth (q) (cm) of Acacia mangium trees submitted to treatments (Treatment 1 = uninjured; 
Treatment 2 = Complete defoliation of the central leader; Treatment 3 = “girdling” of the central leader). 
(r2: Coefficient of determination; rqq: Coefficient of correlation).

Figura 1:	 Crescimento em diâmetro de árvores (q) (cm) de Acacia mangium submetidas aos tratamentos, Tratamento 
1= Sem injúria; Tratamento 2= Desfolhamento do ponteiro principal; Tratamento 3=Corte do ponteiro 
principal. (r2: Coeficiente de determinação; rqq: Coeficiente de correlação).

Diameter growth was different between uninjured trees and those defoliated by beetles (ABBOTT et al., 
1993; FERNANDES, 2004; FREITAS; BIERTI FILHO, 1994a; MENDES, 2004; 1999). Eucalyptus grandis 
W.Hill ex Maiden (Myrtaceae) trees have their initial growth reduced by Costalimaita ferruginea 
(FRABRICIUS, 1801) (Coleoptera: Chrysomelidae) defoliation. The losses in the mean diameter 
tend to rise between the first and the second year after the damage, in trees with greater intensity 
of defoliation (MENDES, 1999). These authors worked with a one year time interval, and it can be 
inferred that the trees evaluated in our research had not yet expressed the full consequences of the 
injuries. In addition, the trees were only injured once and it is known that twig girdlers may girdle 
several branches of the same tree (CORDEIRO et al., 2010; LEMES et al., 2013; 2012; SOUZA et al., 
2012). Thus, it is expected that the effects of damage would increase over time as demonstrated by 
Mendes (2004).

The analysis of variance for height demonstrates that there was a difference for the blocks in the 
main and secondary treatment (Table 1).

When spreading the treatment X age interaction and using Tukey’s test, to check the effect of height 
of each main treatment in each secondary treatment, it was found that at ages 43 and 44 months, the 
height of the trees with the central leader defoliated (T2) were equivalent to those with a “girdled” 
central leader (T3) and that the height of the undamaged trees (T1) were different from those with 
“girdled” central leader (T3) (Table 2).

Table 2:	 Mean height (H) (m) of Acacia mangium Willd. trees (Treatment 1 = uninjured; Treatment 2 = Complete 
defoliation of the central leader; Treatment 3 = “girdling” of the central leader).

Treatment Age (months)
40 41 42 43 44 45 46

1 7,31 a 7,58 a 7,81 a 7,98 b 8,16 b 8,34 a 8,44 a
2 6,99 a 7,25 a 7,37 a 7,49 ab 7,62 ab 7,81 a 7,99 a
3 6,84 a 6,98 a 7,13 a 7,25 a 7,34 a 7,46 a 7,68 a

Means followed by the same lower case letter in a column do not differ by the Tukey test (P>0.05).
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The regression of H= f(age) was adjusted, obtaining the linear model 0 1H Iβ β ε= + +  with the best fit to 
express the height growth of the trees submitted to the treatments (Figure 2). The linear height growth 
rates, in the time interval of 40 to 46 months, were of 18.5, 17.5 and 16.8 cm, for treatment 1, 2 and 3, 
respectively. Uninjured trees grew more in height than those that were damaged. The uninjured trees 
(T1) grew 1.13 ± 0.56 m in height, while those with defoliated (T2) and “girdled” (T3) central leader 
grew 1.00 ± 0.49 m and 0.84 ± 0.42 m, respectively. This corresponds to a difference of 11.5% and 
25.7% in the height growth of the defoliated and girdled trees, respectively, in relation to uninjured 
trees.

Figure 2:	 Mean height growth trend (H) of Acacia mangium trees submitted to treatments: (A) Treatment 1= uninjured; 
(B) Treatment 2= Complete defoliation of the central leader; (C) Treatment 3=“girdling” of the central 
leader. (r2: Coefficient of determination; rHH: Coefficient of correlation).

Figura 2:	 Tendência média do crescimento em altura (H) de árvores de Acacia mangium submetidas aos tratamentos: 
(A) Tratamento 1= Sem injúria; (B) Tratamento 2= Desfolhamento do ponteiro principal; (C) Tratamento 
3=Corte do ponteiro principal. (r2: Coeficiente de determinação; rHH: Coeficiente de correlação).

Defoliated trees lose competitive capacity, and do not reach the same growth rates of uninjured 
trees, affecting their ability to compete for water and nutrients (SCHOWALTER et al., 1986). So, effects 
of higher damage intensities may become even more harmful to the trees over time (OHMART et al., 
1984). Trees of E. grandis defoliated by C. ferruginea were not able to recover the losses in height growth, 
even one year after the defoliation. Regardless of damage intensity, the growth difference between 
trees with less intensity to those with higher damage intensity increased over time (MENDES, 1999). 
Rubber trees (Hevea brasiliensis) (Euphorbiaceae) have their initial height growth proportionally 
reduced by the level of simulated defoliation, either when it is partial (25% of the crown) or total 
(100% of the crown) (SILVA, 2001).

The equations (Figure  2) were compared using a model identity test. When comparing the 
treatments one-to-one, a statistical identity was verified between the total height of the trees with 
the central leader defoliated (T2) and those with the “girdled” central leader (T3). T2 and T3 trees 
presented the same linear growth rate in height (Figure 3). Based on these equations, as these trees 
develop, their height will be smaller than those of T1.
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Defoliating beetles cause partial or total destruction of the leaves through feeding or other behaviors, 
reducing the photosynthetic area (WYLIE; SPEIGHT, 2012; CORASSA; SOUZA, 2014). It is known that 
twig girdlers reduce leaf area due to their girdling behavior (CORDEIRO et al., 2006; LEMES et al., 
2013; PEDROZO, 1980) and in this work it was found that there was reduction in the development 
of “girdled” A. mangium trees similar to those with defoliated central leader.

CONCLUSION

The cut of the central leader, in a similar way to that made by O. saga, reduced height growth. 
The height growth of trees that had the central leader “girdled” had an similar reduction in growth 
as those that were defoliated.
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