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Eucalyptus are trees native to Australia and have been cultivated in various regions of the world. In its 

worldwide expansion, several native and exotic insects began to use these plants for their survival. 

Leptocybe invasa Fisher & La-Salle, 2004 (Hymenoptera: Eulophidae) is a gall wasp that lay eggs into 

leaves, young branches, and petioles causing galls; however, there are resistant and susceptible eucalyptus 

genotypes to gall formation. This study aimed to compare the chemical composition of eucalyptus 

genotypes and relate it to resistance and susceptibility to gall formation. Leaf oils were extracted by steam 

distillation and oil compositions were analyzed. The essential oils of eucalyptus genotypes resistant to gall 

formation had 12 constituents, which do not occur in susceptible genotypes, probably one of the factors 

that contributes to the resistance of these plants to gall formation. Thus, we suggest an early evaluation of 

resistant or susceptible eucalyptus genotypes, based on the chemical composition of the essential oils of 

these plants, avoiding economic losses of planting susceptible genotypes.  
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Os eucaliptos são árvores nativas da Austrália e são cultivadas em várias regiões do mundo. Em sua 

expansão mundial, vários insetos nativos e exóticos passaram a usar essas plantas para sua sobrevivência. 

Leptocybe invasa Fisher & La-Salle, 2004 (Hymenoptera: Eulophidae) é uma vespa galhadora que põe 

ovos nas folhas, ramos jovens e pecíolos causando galhas. Este trabalho teve como objetivo comparar a 

composição química de genótipos de eucalipto e relacioná-la à resistência e suscetibilidade à formação de 

galhas. Os óleos das folhas foram extraídos por destilação a vapor e as composições dos óleos foram 

analisados. Os óleos essenciais de genótipos resistentes à formação de galhas apresentaram 12 constituintes, 

que não ocorrem em genótipos suscetíveis, provavelmente um dos fatores que contribuem para resistência 

dessas plantas à formação de galhas. Assim, sugere-se uma avaliação precoce de genótipos de eucalipto 

resistente ou suscetíveis, com base na composição química dos óleos essenciais dessas plantas, evitando 

perdas econômicas de plantio de genótipos suscetíveis. 

Palavras-chave: vespa-da-galha, óleo essencial, composição química. 

1. INTRODUCTION 

The genus Eucalyptus L'Heritier 1789 originates from Australia, Indonesia, and New Guinea. 

It has a prominent place in the forestry sector due to its great adaptability to various soils and 

climates, as well as its high potential as a raw material for the timber industry and production of 

pulp, paper, and essential oils [1]. These factors were determinant for the expansion of areas 
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cultivated with the species worldwide. However, monoculture favored the spread of some native 

and exotic insects, which started to cause economic damage [2]. 

Native insects such as leaf-cutting ants, beetles, and leaf-eating caterpillars became eucalyptus 

pests. Other insects such as eucalyptus weevil (Gonipterus scutellatus), eucalyptus borer 

(Phoracantha semipunctata), blue gum psyllid (Ctenarytaina eucalypti), eucalyptus bronze bug 

(Thaumastocoris peregrinus), and gall wasp (Leptocybe invasa) were introduced causing damage 

in Brazil [3]. 

The gall wasp (Leptocybe invasa) is an Australian eucalyptus pest that was first reported in 

Israel in 2000 and has since spread to several continents [4]. In Brazil, it was first recorded in 

2008, and now is established in several states [5]. Adults are 1.2 mm long with bright dark brown 

color and, although males have been reported, wasps are thelytokous parthenogenetic and produce 

diploid female offspring [6]. 

Gall wasps lay eggs in leaf midribs, petioles, and young branches of the plant and induce gall 

formation for the protection and nutrition of the immature insects. Gall formation causes the 

growing shoot tips to dry out and outgrowth of axillary buds, preventing normal plant growth [7]. 

Several control methods have been used to manage the pest in commercial crops worldwide. 

Broad spectrum systemic insecticides (neonicotinoids) can help reduce the insect population in 

seedling nurseries and field plantation. However, despite good results, the continued use of 

synthetic insecticides may favor the development of insect resistance to these compounds and 

make long-term control difficult [8]. 

Varietal resistance is the ideal method of controlling insects by developing and planting of 

resistant trees. It is a tool applied to Integrated Pest Management (IPM), which brings economic 

and ecological benefits to agriculture. Nevertheless, it takes a long time to develop eucalyptus 

species and hybrids and launch them into the market. Moreover, due to their allogamy, eucalyptus 

trees may show high variability in the resistance levels of the hybrids, with susceptible and 

resistant materials derived from the same genetic material [9]. 

This method is probably the most appropriate strategy for planting eucalyptus in areas of gall 

wasp occurrence, since efficient techniques to identify insect-resistant plants are a primary 

concern of breeding programs [10]. Despite the damage caused by the gall wasp, no methodology 

has been described for early identification of resistant and susceptible genotypes, which makes it 

difficult to select promising genetic materials. Because tree cultivation is a time-consuming and 

resource-demanding process, a method for shortening the crop cycle or advancing the selection 

can significantly contribute to the success of the eucalyptus breeding program, with the early 

selection as one of the options [11]. Resistance of plants to pests and diseases is attributed to 

physical and chemical mechanisms, including essential oil constituents [12]. 

Essential oils are liquid lipid substances with complex combinations of chemical compounds, 

mostly mono and low molecular weight sesquiterpenes volatile on exposure to the air [13]. The 

volatile compounds emitted by eucalyptus have insecticidal action against agricultural and forest 

pests, which trigger defense action against biotic stresses. Studies have demonstrated the 

biological potential of eucalyptus essential oil against these organisms. Farashiani et al. (2016) 

[14] found that 53 species of the genus Eucalyptus have fumigation toxicity against stored product 

pests such as Sitophilus oryzae (L.) at LC50 between 22.87 and 59.12 µL.L-1. Bett et al. (2017) 

[15] investigated the residual contact and repellency of Eucalyptus saligna Smith essential oil and 

proved that it has insecticidal and repellent effect against Tribolium castaneum, Aconthoscelides 

obtectus, and Sitophilus zeamais, with capacity to eliminate up to 60% of the population by the 

action of volatile compounds. 

Although chemical defense mechanisms exist in eucalyptus, there are reports of pest attacks 

to genetic materials used in several plantations. Susceptible genotypes were identified by Dittrich-

Schroder et al. (2012) [16] in a study on resistance and susceptibility to gall wasp of 50 eucalyptus 

genotypes and hybrids. The authors verified that 30 out of 50 genotypes showed symptoms of 

pest attack. In addition, hybrids from Eucalyptus grandis, Eucalyptus urophylla, and Eucalyptus 

camaldulensis showed the greatest variability in infestation severity (0-52.34%). However, as far 

we know, no report has been found on factors that favor the resistance and susceptibility of 

hybrids to pests, as well as the relationship between secondary metabolism and incidence of 

L. invasa in commercial plantations.  
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Considering the above, our study, when comparing the chemical composition of essential oils 

from resistant and susceptible eucalyptus genotypes to gall formation, induced by the oviposition 

of Leptocybe invasa, proposes that the constituents of eucalyptus essential oils can be used to 

identify resistant plants to attack and damage caused by this insect pest. 

2. MATERIALS E METHODS 

2.1. Plant material 

Ten hybrid Eucalyptus genotypes (1404, 1249, 1250, 0321, 5341, 1724, 1277, 1262, 1275, 

0292) (Table 1) were provided by Bracell Ltda (Copener Florestal). Plants were grown in 5-L 

plastic containers with substrate containing black soil, washed sand, and cattle manure (3: 1: 1), 

in the nursery of the Federal University of Sergipe (UFS), São Cristóvão Campus.  

Table 1. Parents and susceptibility of Eucalyptus to Leptocybe invasa, genotypes provided by Bracell 

Ltda / Copener Florestal. 

Genotypes Parental 
Origin 

Mother species Father species  

1404 E. urophylla E. spp. Inhambupe / 

Copener 1249 E. grandis E. urophylla Inhambupe / 

Copener 1250 E. grandis E. urophylla Inhambupe / 

Copener 0321 E. grandis E. urophylla Entre Rios/Copener 

5341 E. spp E. spp Aracruz/Aracruz 

1724 E. urophylla E. spp -                  - 

1277 E. grandis E. camaldulensis Sátiro Dias/Copener 

1262 E. grandis E. urophylla Inhambupe / 

Copener 1275 E. camaldulensis E. spp Sátiro Dias/Copener 

0292 E. grandis E. urophylla Entre Rios/Copener 

2.2. Extraction of essential oils (EO) and analysis of chemical composition 

Leaves of the eucalyptus genotypes were dried in a forced-air oven at 40 °C for five days. 

Essential oil (EO) was extracted in triplicate by hydrodistillation in a modified Clevenger 

apparatus using 50 g samples of dried leaves in 2000 mL distilled water for 140 minutes. EOs 

were stored in amber vials at -20 °C until analysis. 

The essential oils were analyzed in a GC/MS/FID detection (GCMSQP2010 Ultra, Shimadzu 

Corporation, Kyoto, Japan) equipped with an AOC-20i autosampler (Shimadzu). Separations 

were performed on a Rtx®-5MS Restek (5%-diphenyl-95%-dimethylpolysiloxane) fused silica 

capillary column (30 m x 0.25 mm i.d. x 0.25 µm film thickness), Helium as carrier gas at a 

constant flow of 1.0 mL min-1 [17]. 

The injection port temperature was set at 280 °C, injection volume of 1.0 μL (10 mg mL-1), 

and split ratio of 1:30. Oven temperature was programmed to rise from 50 °C (isotherm for 

1.5 min) to 200 °C at 4 °C min-1, then up to 300 °C at 10 °C min-1, and hold for 5 min. Molecules 

in the GC/MS were ionized by electron ionization at 70 eV. Fragments were analyzed by a 

quadrupole system programmed to filter fragments/ions at m/z from 40 to 500 Da and detected by 

an electron multiplier [17]. 

Data was processed using the GCMS software Postrun Analysis (Labsolutions-Shimadzu). 

Ionization in GC/FID occurred by the flame created by the combustion of hydrogen 5.0                   

(30 mL min-1) and synthetic air (300 mL min-1). The ions collected and the generated electric 

current was amplified and processed. Data was processed using the CG software Postrun Analysis 

(Labsolutions-Shimadzu). 
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The identification of EO constituents was performed by comparison with the retention rates in 

the literature [18]. The retention index was determined by the equation given by Van den Dool 

and Kratz (1963) [19] for a homologous n-alkane series (nC9 - nC18). In addition, we used three 

MS libraries (Wiley8, Nist107 and Nist21) that allowed the comparison of the spectrum data with 

those of the libraries using a similarity index of 80% [17]. 

2.3. Susceptibility and resistance of eucalyptus genotypes 

Ten plants of each eucalyptus genotype, totaling one hundred plants, were randomly 

distributed and kept in contact with the gall wasp. After the three-month period, the plants were 

evaluated, and plants that did not develop galls were considered resistant. The susceptibility level 

of eucalyptus genotypes was determined by adapting the Fournier’s Index (1975) [20] for 

studying plant phenology, which allows estimating the percentage of intensity of a given event in 

plants. Using a semi-quantitative scale with 25% intervals, the method of Fournier assigns the 

genotypes into one of the five categories (0 to 4), as follows: absent = 0; 1-25% = 1; 26-50% = 2; 

51-75% = 3; and 76-100% = 4. In this study, we evaluated the incidence of galls in plants, 

considering 0 for resistant genotypes, 1 for low susceptibility, 2 for medium/moderate 

susceptibility, 3 for high susceptibility, and 4 for very high susceptibility. 

2.4. Test of the majority constituents of essential oils 

The constituents α-terpinyl acetate and γ-terpineol were applied alone to plants with gall wasp 

oviposition to verify the action of the constituents in inhibiting gall development. 

2.5. Statistical analysis 

Content and chemical composition data of the eucalyptus essential oils were subjected to 

analysis of variance (ANOVA), and the means were compared by Scott-Knott test (p <0.05) using 

the software Sisvar®. 

The two multivariate methods, cluster analysis and principal component analysis (PCA), were 

performed using the software Statistical 7.0. Then, a dissimilarity matrix was constructed based 

on the chemical constitution of the essential oils of each genotype using Euclidean distances. The 

dissimilarity matrix was simplified with dendrograms using the Ward's clustering method. Mean 

chemical constituents and their standard errors of means were obtained with the software Graph 

Pad Prism®. 

3. RESULTS E DISCUSSION 

The Eucalyptus genotypes 1404, 1249, 1250, 0321, and 5341 were classified as resistant to 

gall formation, even with the occurrence of oviposition in some plants [21] (Figure 1). Applying 

the Fournier Index (1975) [20], genotypes 1277 and 1275 as lowly susceptible, 1724 as 

moderately susceptible, and 1262 and 0292 as very highly susceptible. 
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Figure 1: Presence of wasp oviposition on eucalyptus leaves. 

The essential oil content of the eucalyptus genotypes ranged from 2.60% to 1.20%. In resistant 

genotypes the variation was from 1.20% to 1.80% and in susceptible genotypes the variation 

ranged from 1.73% to 2.60%. Although some susceptible genotypes were statistically similar to 

some resistant genotypes, we found that the susceptible genotypes had higher oil levels. The mean 

among resistant genotypes was 1.49% and among susceptible genotypes was 2.09% (Table 2). 

The chemical analysis identified 35 compounds in the essential oil of the Eucalyptus 

genotypes. The main constituents were 1,8-cineol, α-pinene, p-cymene, α-perpineol,                         

γ-terpinene, α-terpinyl acetate, trans-pinocarveol, and borneol (Table 2). 

The compounds α-phellandrene, (Z)-linalool oxide, linalool, allo-ocimene, γ-terpineol,                 

(Z)-carveol, (E)-linalool oxide acetate, α-terpinyl acetate, bicyclogermacrene, (Z)-calamenene, 

viridiflorol, and oxygenated sesquiterpene have been identified as constituents of essential oils of 

the gall-resistant genotypes (1404, 1249, 1250, 0321, and 5341), which have not been found in 

the EOs of susceptible genotypes (Table 2).  

In the principal component analysis, the first principal component explained 42.72% of the 

total variance and was negatively related to the compounds α-campholenal (r = -0.98),                      

α-terpenil acetate (r = -0.91), viridiflorol (r = -0.89), borneol (r = -0.89), camphene (r = -0.88), 

linalool (r = -0.86), trans-pinocarveol (r = -0.84) ), endo-fenchol (r = -0.83), globulol (r = -0.81), 

oxygenated sesquiterpene (r = -0.78), α-pinene (r = -0.77), terpinolene (r = -0.76), and                        

α-phellandrene (r = -0.72) (Figures 2 and 3). 
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Figure 2. Distribution of the chemical constituents of the essential oil of Eucalyptus spp. resistant (R) and 

susceptible (S) to Leptocybe invasa (Hymenoptera: Eulophidae) in relation to the two principal 

components of the principal component analysis (PCA). Compounds: (C1) α-pinene, (C2) camphene,    

(C3) β-pinene, (C4) α-phellandrene, (C5) isoamyl isobutyrate, (C6) p-cymene, (C7) 1,8-cineole,                

(C8) (Z)--ocimene, (C9) γ-terpinene, (C10) (Z)-linalool oxide, (C11) terpinolene, (C12) linalool,             

(C13) endo-fenchol, (C14), α-campholenal, (C15) allo-ocimene, (C16) trans-pinocarveol, (C17) pinocarvone, 

(C18) borneol, (C19) terpinen-4-ol, (C20) α-terpineol, (C21) myrtenol, (C22) γ-terpineol, (C23) (Z)-carveol, 

(C24) p-mentha-1(7),8-dien-2-ol, (C25) (E)-linalool oxide acetate, (C26) α -terpinyl acetate,                    

(C27) (E)-caryophyllene, (C28) bicyclogermacrene, (C29) (Z)-calamenene, (C30) spathulenol,                 

(C31) globulol, (C32) viridiflorol, (C33) isoleptospermone, (C34) leptospermone, (C35) oxygenated 

sesquiterpene. 
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Table 2: Contents (%) (means and standard deviation) of chemical constituents of essential oils of Eucalyptus genotypes resistant (R) and susceptible (S) to gall resulted from 

the oviposition of Leptocybe invasa (Hymenoptera: Eulophidae). RIl: Retention index literature; RIc: Retention index calculated. 
Constituents RIl RIc 1404R 1249R 1250R 0321R 5341R 1724S 1277S 1262S 1275S 0292S 

α-Pinene 932 934 43.97 (0.24) 22.26 (0.06) 42.37 (0.18) 37.74 (0.12) 34.36 (0.06) 5.73 (0.03) 39.42 (0.04) 32.59 (0.17) 15.31 (0.08) 1.60 (0.01) 

Camphene 946 949 1.37 (0.11) 0.62 (0.10) 1.06 (0.05) 1.13 (0.04) 0.82 (0.06) 0.25 (0.03) 0.75 (0.01) 0.43 (0.05) 0.34 (0.01) - 

α -Pinene 974 978 0.41 - 0.12 (0.01) 0.23 - 0.21 (0.01) 0.36 - 1.50 (0.01) 2.60 (0.01) 0.23 (0.01) - - 

α-Phellandrene 1002 1006 0.66 (0.01) 0.18 - 0.17 (0.01) 0.26 - 0.27 - - - - - - 

Isoamyl isobutyrate  1007 1012 0.92 (0.02) 0.30 (0.01) 0.12 (0.01) 0.16 - 0.17 - - - 0.08 - - - 

p-Cymene 1020 1027 2.79 (0.03) - 0.33 (0.01) 0.40 (0.01) 0.87 - 7.73 (0.03) 0.37 - 2.18 (0.01) 6.51 (0.01) 32.17 (0.19) 

1,8-Cineole 1026 1035 29.93 (0.14) 56.37 (0.41) 31.14 (0.15) 34.49 (0.07) 36.41 (0.33) 60.53 (0.12) 47.12 (0.03) 53.75 (0.18) 66.64 (0.17) 14.18 (0.01) 

(Z)--Ocimene 1032 1038 0.98 (0.04) 0.47 (0.13) 1.57 (0.05) 0.90 (0.02) 0.78(0.05) 1.66 (0.20) - - - 0.43 (0.13) 

γ-Terpinene 1054 1060 0.32 (0.01) 0.30 - - - 0.17 - 17.27 (0.05) 0.27 - 1.86 (0.02) 3.55 (0.02) 42.22 (0.13) 

(Z)-Linalool oxide 1067 1073 - 0.24 - - 0.16 - 0.25 - - - - - -  

Terpinolene 1086 1090 0.69 (0.02) 0.66 (0.02) 0.49 (0.01) 0.39 (0.04) 0.60 (0.08) 0.24 (0.02) 0.33 (0.01) 0.23 (0.01) - 0.26 (0.01) 

Linalool 1095 1101 0.23 (0.01) 0.37 (0.01) 0.17 - 0.35 - 0.31 (0.13) - - - - - 

endo-Fenchol 1114 1116 0.92 (0.01) 0.43 (0.01) 0.89 (0.01) 0.89 (0.01) 0.58 (0.14) 0.25 (0.01) 0.66 (0.01) 0.37 (0.01) 0.33 (0.01) - 

α -Campholenal 1122 1128 0.37 (0.01) 0.28 - 0.35 (0.01) 0.46 (0.01) 0.43 (0.17) - 0.13 - 0.20 - - -  

allo-Ocimene 1128 1130 - - 0.39 (0.02) 0.14 (0.02) 0.18 (0.09) - - - - - 

trans-Pinocarveol 1135 1143 2.43 (0.03) 1.55 (0.02) 2.68 (0.01) 2.72 (0.02) 2.26 (1.53) - 1.98 (0.01) 1.81 (0.02) 1.44 (0.01) -  

Pinocarvone 1160 1166 0.97 (0.02) 0.55 (0.05) 0.81 - 1.10 (0.03) 0.76 (0.48) - 0.61 - 0.58 (0.01  0.44 - - 

Borneol 1165 1169 1.99 (0.05) 0.92 (0.03) 2.03 (0.01) 1.97 (0.02) 1.34 (0.15) 0.42 (0.01) 0.98 (0.01) 0.82 (0.03) 0.75 (0.01) - 

Terpinen-4-ol 1174 1180 0.59 (0.02) 0.90 - 0.27 (0.02) 0.26 (0.01) 0.83 (0.44) 1.46 (0.02) 0.53 (0.02) 0.39 (0.03) 0.96 (0.02) 3.07 (0.01) 

α-Terpineol 1186 1194 4.29 (0.08) 1.91 - 4.02 (0.10) 4.85 (0.02) 1.74 (1.09) 1.82 (0.03) 2.40 (0.02) 3.62 (0.02) 2.19 (0.13) 0.94 (0.02) 

Myrtenol 1194 1201 - - - 0.16 (0.01) 0.92 (1.05) - 0.17 (0.02) - - - 

γ-Terpineol 1194 1201 4.29 (0.08) 1.91 - - 0.16 - 0.40 (0.09) - - - - - 

(Z)-Carveol 1226 1223 - 0.59 (0.03) 0.24 - 0.29 (0.01) 0.24 (0.07) - - - - - 

p-Mentha-1(7),8-dien-2-ol 1227 1231 - 1.60 (0.01) 0.26 (0.03) 0.29 - 0.31 (0.02) - 0.26 (0.03) - 0.55 (0.07) - 

(E)-Linalool oxide acetate  1287 1289 - 0.17 (0.01) 0.13 - 0.35 - - - - - - - 

α-Terpinyl acetate 1346 1353 2.83 (0.06) 2.23 (0.03) 5.57 (0.01) 4.74(0.01) 3.38 (2.35) - - - - - 

(E)-Caryophyllene 1417 1426 0.41 (0.01) 0.37 - 0.54 (0.01) 0.58 - 2.50 (1.85) 0.47 (0.01) - 0.08 - - 0.16 - 

Bicyclogermacrene 1500 1504 - - 0.23 (0.02) 0.39 - 0.21 (0.02) - - - - - 

(Z)-Calamenene 1528 1530 - - - 0.17 (0.01) 0.35 - - - - - - 

Spathulenol 1577 1586 0.29 (0.01) 0.38 (0.01) 0.15 (0.01) 0.23 - 1.00 (0.01) 0.17 - - 0.06 - - 0.24 (0.01) 

Globulol 1590 1593 0.39 (0.01) 0.49 (0.01) 0.69 (0.01) 0.79 (0.01) 1.44 (0.01) 0.22 (0.01) - 0.15 (0.01) - 0.16 (0.01) 

Viridiflorol 1592 1601 0.23 - 0.28 (0.02) 0.53 (0.02) 0.74 (0.01) 0.44 - - - - - - 

Iso-leptospermone+(?) 1621 1625 - 1.41 (0.01) 1.43 (0.01) 0.58 (0.02) 0.29 - 0.29 (0.01) - 0.27 - - 1.49 - 

Leptospermone 1629 1633 - 0.38 - 0.32 (0.02) 0.37 (0.01) 0.23 (0.03) - - 0.08 - - 0.43 - 

Oxygenated sesquiterpene 1637 1637 0.18 (0.01) 0.27 (0.01) 0.39 (0.03) 0.32 (0.01) 0.94 (0.06) - - - - - 

Oil content (%) - - 1.20C (0.20) 1.73B (0.31) 1.80B (0.20) 1.66B (0.12) 1.26C (0.12) 2.13A (0.76) 1.73B (0.12) 2.60A (0.20) 2.26A (0,12) 1.73B (0.23) 

Values with the same letters do not differ statistically, for essential oil content. The means were compared by the Scott-Knott (p < 0). 
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The Eucalyptus genotypes were classified by the high variability of constituents in the 

essential oils. This high variability was found in susceptible and resistant genotypes, so that the 

genotypes were clustered into resistant and susceptible clusters, except for cluster 2, which 

clustered the susceptible genotypes 1724 and 1275 with the resistant genotype 1249. 

The cluster analysis classified the essential oil constituents into three chemical clusters. Cluster 

I comprised the genotype 0292 (S) with the following major constituents: γ-terpinene (42.22%), 

p-cymene (32.17%), and 1.8 cineole (14.18%). Then, Cluster II with genotypes 1249 (R), 1724 

(S), and 1275 (S) with 1.8 cineole (56.37% to 66.64%), α-pinene (5.73% to 22.26%), γ-terpinene 

(0.3% to 17.24%), and α-terpineol (1.82% to 2.29%); and Cluster III with genotypes 1277 (S) and 

1262 (S) with 1,8-cineole (47.12% to 53.75%), α-pinene (32.59% to 39.42%), α-terpineol (2.4% 

to 3.62%), and trans-pinocarveol (1.81% to 1.983%); 1404 (R), 1250 (R), 0321 (R), and 5341 (R) 

with 1,8-cineole (36.41% to 29.93%), α-pinene (34.36% to 43.97%), α-terpineol (1.74% to 

4.85%), and α-terpinyl acetate (2.83% to 5.57%) as major constituents (Figures 3 and 4). 

 
Figure 3: Two-dimensional dendrogram obtained in the cluster analysis of the chemical composition of 

essential oils showing the similarity between Eucalyptus genotypes resistant (R) and susceptible (S) to 

Leptocybe invasa (Hymenoptera: Eulophidae). 

The chemical constituents α-phellandrene, (Z)-linalool oxide, linalool, allo-ocimene,                  

γ-terpineol, (Z)-carveol, (E)-linalool oxide acetate, α-terpinyl acetate, bicyclogermacrene,           

(Z)-calamenene, viridiflorol, and oxygenated sesqueterpene were identified only in the                  

gall-resistant genotypes 1404, 1249, 1250, 0321, and 5341 (Table 2). 

The correlation between α-phellandrene and isoamyl isobutyrate (r = 0.94), α-terpinyl acetate 

and bicyclogermacrene with viridiflorol (0.95 and 0.92 respectively) was positive. The 

compounds -phellandrene and -terpineol (r= 0.88), -campholenal, (Z)-carveol and viridiflorol 

with linalool (0.85, 0.83, and 0.83), allo-ocimene and α-terpinyl acetate allo-ocimene and                       

α-terpinyl acetate (0.82), (Z)-carveol and isoleptospermone (0.83), α-terpinyl acetate and 

bicyclogermacrene (0.82), spathulenol, globulol and oxygenated sesquiterpene with                       

(Z)-calamenene (0.84, 0.88 and 0.87), and spathulenol and myrtenol with oxygenated 

sesquiterpene (0.89 and 0.85) are strongly and positively correlated with each other (Table 2). 
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Figure 4: Means of the essential oil chemical constituents of Eucalyptus genotypes, clusters 1-4.           

(C1) α-pinene, (C7) 1,8-cineole, (C9) γ-terpinene, (C20) α-terpineol, (C26). 

In this study, EO contents were relatively higher in eucalyptus genotypes susceptible to galls 

induced by L. invasa. Because essential oils are secondary metabolites produced for plant’s 

defense [13], genotypes attacked by wasps with gall formation are likely to produce more essential 

oil as defense strategy [22]. These results corroborate with Morais and Castanha (2012) [23], who 

found higher concentrations of monoterpenes in the essential oil of basil attacked by mealybug, 

and Queiroz-Voltan et al. (1995) [24] in Hyptis suaveolens populations attacked by herbivores, 

which produced larger amounts of essential oil. 

Variation in the chemical composition of essential oils is reported by several studies [25-27]. 

It may be associated with abiotic factors such as luminosity, temperature, rainfall, nutrition, 

harvest time, collection time, as well as harvest and postharvest techniques [28]. It may also be 

associated with leaf age and the phenological phase [29, 30]. Since the plants in our study were 

subjected to the same environmental conditions and management, it is likely that the genetics and 

the insect-plant interaction influenced the diversity of the EO chemical constituents of the 

eucalyptus genotypes [29]. 

This study found that plants with the same parents (1249, 1250, 0321, 1262, 0292) varied in 

EO chemical composition and in resistance and susceptibility levels (Tables 1 and 2). Interspecific 

crosses between pure species form hybrid genotypes that can synthesize new compounds differing 

from their parents. The hybrid’s genetic structure is the result of the combination of parental 

genes, in addition to the cytoplasm of the female parent, with mitochondrial and chloroplast DNA 

[17], where the set of inherited genes may or may not be expressed in certain plants. 

According to Sun et al. 2004 [31], even if all parental genes are inherited by the hybrid, their 

performance or phenotype may differ from their parents, which demonstrates heterosis. With rare 

exceptions, the cells of an organism have the same genes, but during development, their metabolic 

requirements are different and the control mechanisms turn on and off genes expressing a set of 

specific metabolites. Thereby, and the phenotype evolves through changes in spatial and temporal 

patterns of gene expression [32]. 

The compounds α-phellandrene, (Z)-linalool oxide, linalool, allo-ocimene, γ-terpineol,              

(Z)-carveol, (E)-linalool oxide acetate, α-terpinyl acetate, bicyclogermacrene, (Z)-calamenene, 

viridiflorol, and oxygenated sesquiterpene found in eucalyptus genotypes resistant to gall 

formation (1404, 1249, 1250, 0321 and 5341) are mainly monoterpenes. Most of these compounds 
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are cited as responsible for the insecticidal activity of essential oils: The compounds                            

α-phellandrene, (Z)-linalool oxide, linalool, allo-ocimene, γ-terpineol, (Z)-carveol, (E)-linalool 

oxide acetate, α-terpinyl acetate, bicyclogermacrene, (Z)-calamenene, viridiflorol, and 

oxygenated sesquiterpene found in eucalyptus genotypes resistant to gall formation (1404, 1249, 

1250, 0321 and 5341) are mainly monoterpenes. Most of these compounds are cited as responsible 

for the insecticidal activity of essential oils: α-phellandrene [33-35], (Z)-linalool oxide [36], 

linalool [37, 38], allo-ocimene, γ-terpineol [39], (Z)-carveol, (E)-linalool oxide acetate [39],         

α-terpinyl acetate [39, 40], bicyclogermacrene [39], (Z)-calamenene [41], viridiflorol [34] and 

oxygenated sesquiterpene [41]. Therefore, these compounds probably contribute to the resistance 

of plants to the formation of galls. 

Genotypes that express resistance have physical or biochemical traits that modify behavioral 

responses (xenobiosis) or adversely affect the development or survival of pest insect species via 

metabolic anomalies (antibiosis) [42]. However, this is not the case with the eucalyptus genotypes 

in this study, given that gall wasps lay eggs on gall-resistant plants [21]. The constituents                  

α-terpinyl acetate and γ-terpineol when applied alone did not inhibit the formation of galls, thus, 

the synergism of the EO compounds (Figure 2) is the probable cause of resistance in the 

eucalyptus genotypes evaluated in this study, since even with the occurrence of wasps’ egg laying 

there was no gall formation. 

Therefore, this study proposes a rapid method for selection of eucalyptus genotypes 

susceptible or resistant to L. invasa-induced gall based on the occurrence of these essential oil 

constituents (Figure 2), leading to reduction of costs with planting and maintenance operations 

and saving time, as there is no need to wait long to establish whether or not galls were formed. 

Additionally, varietal resistance is a useful tool for Integrated Pest Management, bringing 

economic and ecological benefits to agriculture [43]. Early selection studies have been conducted 

with several forest species such as Tachigali vulgaris [44], Hevea brasiliensis [45], Pinus 

banksiana [46], Eucalyptus sp. for various purposes [47], and Larix decidua [48]. 

4. CONCLUSIONS 

The analyzes performed allow us to conclude that: 

• Five of the ten eucalyptus genotypes are resistant to gall formation induced by wasp 

oviposition. 

• Constituents of essential oils were identified as relevant markers and possibly contribute for 

the resistance of eucalyptus genotypes to gall formation. 

• The resistant genotypes were successfully grouped according to their essential oil constituents 

in the early stages of development. 
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