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Abstract Eucalypt species are widely used around the

world due to their high productivity; however there are

some concerns about the invasiveness capacity of

eucalypts. We assessed old seed production areas of

commercial eucalypt species thought of being at risk of

invasion in two places in Southeastern Brazil (Anhembi:

lat: 22�280S; long: 48�040W; and Itatinga lat: 23�020S;

long: 48�380W). We observed differences between places

and among species. The species with the higher number

of plantation stands and higher demand for seeds had

more regeneration. Regeneration was recorded in only a

few plots and trees and seedlings were found very close to

the eucalypt stand, in sites where waste from seed

harvesting is dumped. For spontaneous regeneration of

eucalypts to occur there is a need for favorable environ-

mental conditions. Such conditions may be created by

human activities or natural events which suppress

competition from vegetation.

Keywords Invasiveness � Invasibility � Anthropic

action � Environmental conditions � Prediction �
Competition

Introduction

Eucalypt species, considering Corymbia and Euca-

lyptus genus, are widely used around the world, due to
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their good adaptability to environmental conditions

enhanced by breeding programs and adequate man-

agement of stands (Gonçalves et al. 2013). Despite

their high productivity, eucalypt plantations occasion-

ally generate some concerns about possible environ-

mental impacts (Silva et al. 2015); one of the concerns

is capacity to become invasive. Eucalypt invasion is

expected to occur less often than is the case with some

other tree groups used in commercial forestry (Rej-

manek and Richardson 2011, 2013), but few studies

have sought reasons for the poor performance of

eucalypts as invasive species. Invasiveness could be

related to genetic characteristics of the species and to

environmental conditions (Godfree et al. 2004; Tererai

et al. 2013). Of the hundreds of eucalypt species only a

few eucalypt species are planted in large numbers

around the world (Harwood 2011) and problems due to

invasiveness are very uncommon (Ruthrof 2004).

However, eucalypt invasiveness is observed in some

sites, such as E. globulus in some regions of Califor-

nia—United States (Ritter and Yost 2009), E. camal-

dulensis in a riparian vegetation in Western Cape and

E. grandis in Mpumalanga—South Africa (Tererai

et al. 2013; Forsyth et al. 2004). The spontaneous

dispersion of eucalypt varies between regions and

possibly increases with plantation age, in sites with

exposed soil, disturbed by burning and without

drought occurrence during germination time and

establishment of seedlings (Lamcorbe et al. 2013;

Silva et al. 2016). However there is a lack of

information under field conditions where eucalypts

have been established for a long time (Godfree et al.

2004; Flory et al. 2012). The aim of this study was to

investigate spontaneous regeneration of old

([15 years old) eucalypt seed production areas in

two sites in southeastern Brazil.

Materials and methods

We selected important commercial eucalypt species

from around the world Harwood (2011) which were

mentioned to be of invasion risk (Gordon et al. 2012),

in old stands ([15 years) available in two Forest

Experimental Stations of the University of São Paulo

(Table 1).

We evaluated the four sides of each plantation

using areas distanced 0–10, 10–20 and 20–30 m at the

edge of each eucalypt stand (inside and outside of the

plantation) and the road. There were seven plots per

side (Supplementary material—Figure 1) of each

evaluated plantation, totaling 28 per plantation stand.

The neighboring vegetation was (NV) classified as:

commercial stand (mainly eucalypts plantation); nat-

ural vegetation (‘‘Cerrado’’—Brazilian savanna); and

pasture.

Eucalypt (considering both Corymbia and Euca-

lyptus) regeneration was classified as: (i) small seed-

ling (\0.03 m; few weeks); (ii) seedling (0.03–1 m;

few months); and (iii) trees (higher than 1 m; several

months to years). Where there was regeneration,

possible factors that could help the regeneration

process were assessed, such as the occurrence of fire,

gaps in the plantation, canopy remains and any other

important considerations.

The regeneration data of seedlings and trees was

analyzed for the variances (p\ 0.05) using a fixed

effect model in SAS (proc GLM). Regeneration data

of small seedlings was not statistically analyzed

because no small seedlings regeneration were found.

Homogeneity of variances was tested and the normal

distribution of residuals was obtained after data

transformation (
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

0:5 þ x
p

).

Results

There was a significant effect of species; experimental

station and the interaction between species and exper-

imental station on seedlings. For trees, there was a

significant effect of species, plots, neighboring vegeta-

tion and the interaction between species x plots position

x neighboring vegetation (Supplementary material—

Table 2). In Itatinga Experimental Station there was a

higher number of spontaneous regeneration in the

eucalypt stand and in Anhembi Experimental Station

it was higher in neighboring vegetation. However, in

most plots evaluated no regeneration was observed; and

where regeneration was observed, 97% of regenerating

seedlings were found within 10 m of the eucalypt stand

(Fig. 1), in both experimental stations.

In Anhembi Experimental Station, eight of the 57

plantations evaluated had some regeneration. The

species that produced some regeneration were C.

citriodora, E. grandis and E. urophylla. In Itatinga

Experimental Station, five of the 11 plantations
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evaluated had some spontaneous regeneration. The

species E. grandis, E. pellita, E. robusta, E. saligna

and E. urophylla showed some regeneration and the

species C. citriodora, C. torelliana, E. camaldulensis

and E. tereticornis did not regenerate (Supplementary

material—Table 3).
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Fig. 1 Plots with eucalypt regeneration in two Experimental Stations. Legend: NV Neighboring Vegetation, Stand Commercial

Eucalypt Stand

Table 1 Characterization of the eucalypt plantation in the two Forest Experimental Stations of the University of São Paulo

Experimental station Species Plantations* Age (years)

Anhembi

lat: 22�280S

long: 48�040W

Corymbia citriodora 14 22–40

C. torelliana 3 27–36

Eucalyptus camaldulensis 1 35

E. grandis 7 25–39

E. pellita 4 29–3

E. saligna 2 17–39

E. tereticornis 3 30–35

E. urophylla 23 15–38

Itatinga

lat: 23�020S

long: 48�380W

C. citriodora 1 18

C. torelliana 1 18

E. camaldulensis 1 18

E. grandis 1 18

E. pellita 1 18

E. robusta 2 18–20

E. saligna 2 18–20

E. tereticornis 1 18

E. urophylla 1 18

* Most plantations are seed orchards or seed production areas. All plantations have been producing seeds for more than 12 years. The

size of the plantations ranges from 0.25 to 4 ha and tree heights measure from 30 to 60 m. In both experimental stations leaf-cutting

ants are controlled annualy through the use of baits. The higher concentration of the species E. urophylla, C. citriodora and E.

grandis in Anhembi is due to a larger demand for seeds of these species in Brazil
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We observed some regeneration in gaps, where

branches and other wastes of seed harvesting were

commonly discarded and trees had fallen. In one E.

grandis plantation, which had burned 2 years earlier,

some regeneration of eucalypts was also found.

Discussion

The species with largest numbers of spontaneous

regeneration belonged to the species Corymbia citri-

odora, Eucalyptus grandis and E. urophylla, which is

consistent with the greater number of plantations and

the high demand for seed (I. Vieira, IPEF Seeds

Coordinator, personal communication). Still, the

number of plots with regeneration was small and the

highest number of trees and seedlings were found in a

commercial stand and in neighboring vegetation very

close to the stand, normally in gaps and places used to

discard wastes of seed harvesting. The concentration

of regeneration in the 0–10 m plots are due to the seed

harvest waste discard and the poor dispersion capacity

of eucalypt seeds as described by Callaham et al.

(2013) and Calvino-Cancela and Rubido-Bara (2013).

Typically, dispersal distances are similar to the height

of the parent tree (Barber 1965).

Comparing both experimental stations, more regen-

eration of eucalypts was observed in Anhembi. This

may have happened because this experimental station

has a greater number and older plantations (more seed

cycles) than Itatinga. In Anhembi Experimental Sta-

tion, we observed the effects of fire and wastes of

harvested seeds in gaps of the neighboring vegetation.

Those are disturbances which leave the vegetation

more susceptible to regeneration of eucalypts. Lorentz

and Minogue (2015) argue that in an area with

stable vegetation the chance of eucalypt regeneration

is low; suggesting that a stable vegetation around the

plantation acts as a buffer zone, as observed by Silva

et al. (2017) in a genetically modified eucalypt

plantation in Brazil surrounded by signal grass

(Bracharia sp.).

The spontaneous establishment of seedlings

increases with plantation age and may be enhanced

in areas with regular rainfall and in disturbed areas

(Larcombe et al. 2013). In older stands, which had a

greater number of seed production cycles, the possi-

bility of seed production under favourable environ-

mental conditions increases; which in turn allows for

some seed germination and seedling establishment. In

an old area such as in this study, an important factor is

the lack of intensive management such as weeding,

which could favour seedling establishment (Silva et al.

2016). Additionally, leaf-cutting ant controls per-

formed systematically in both experimental stations

improve the possibility of eucalypt establishment.

Predation by those ants may be one of the reasons for

high mortality in the initial phase of seedling estab-

lishment (Silva et al. 2011). In Brazil, leaf-cutting by

leaf ants are a cause of extensive damage to commer-

cial eucalypt stands (Ferreira-Filho et al. 2015).

Even when some eucalypt seeds are able to

germinate due to favorable environmental conditions,

high mortality usually occurs during the initial phases

of seedling development (Booth et al. 2015). In

southeastern Brazil, where climatic conditions are

slightly different from those of the origin of the

eucalypts species (Silva et al. 2016), Brazilian native

species have an advantage in adaptation and regener-

ate where eucalypt regeneration is not expected. In our

study some specific conditions allowed for the estab-

lishment of some individuals. Therefore, spontaneous

regeneration of eucalypt species is possible, typically

close to eucalypt plantations and where some anthro-

pic or natural actions, such as discarding wastes of

harvested seed or burning had happened, which

suppress natural vegetation.

In our study the spontaneous eucalypts regenera-

tions is more related to invasibility of habitats than to

the invasiveness capacity of eucalypts species due to

the establishment that occurs in disturbed areas.

Knowledge about environmental conditions that

drives the establishment of eucalypts allows the

development of models, which is important to help

in the selection of the commercial areas and manage-

ment to deal with invasive trees under different

environmental conditions (Richardson et al. 2014;

Richardson and Rejmanek 2011).
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D, Rejmánek M (eds) Encyclopedia of biological inva-

sions. University of California Press, California,

pp 203–209
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