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Topsoil translocation for Brazilian savanna
restoration: propagation of herbs, shrubs, and trees
Maxmiller C. Ferreira1, Bruno M. T. Walter2, Daniel L. M. Vieira3,4

Topsoil translocation has been used for vegetation restoration throughout the world, but it has been poorly tested within
savannas. This study describes Brazilian savanna (cerrado) regeneration for the first 3 years following topsoil translocation.
The topsoil was stripped from 2.5 ha of savanna and spread on 1 ha of an abandoned laterite quarry in the Federal District,
Brazil. We assessed vegetation structure and species composition in 18 circular plots (3.14/m2) after 5 and 15 months and in
30 circular plots after 37 months. In the last floristic survey, the coverage of herbs was estimated using the step-point method.
To verify the source of regeneration, a total of 181 shrubs and trees were excavated over the first 2 surveys. After 3 years,
24, 40, and 21 species of herbs, shrubs, and trees, respectively, had been recorded by the surveys. Of the 33 families found,
Fabaceae, Poaceae, and Asteraceae were the most representative. At 5 and 15 months, 91 and 83% of the individuals (shrubs
and trees combined) were derived from resprouting, respectively. Shrub and tree stem density reached 3.2/m2 at 5 months,
but declined to 0.5/m2 at 37 months. By the final survey, native and exotic grasses completely covered the ground. Topsoil
translocation was effective for the propagation of native herbs, shrubs, and trees, despite the need to control invasive grasses.
The large number of shrub and tree resprouts from roots suggests that the bud bank is an important component of the topsoil
for savanna restoration.
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Implications for Practice

• Topsoil translocation effectively established native
savanna species of herbs, shrubs, and trees on an aban-
doned laterite quarry. The topsoil can be used for
restoration rather than being discarded after removal from
nearby construction and mining sites.

• Root fragments should be taken into account in topsoil
translocation of savannas and other sprouter-dominated
communities, as their resprouts were responsible for most
regenerating trees and shrubs.

• Invasive grasses should be controlled in areas restored by
topsoil deposition, as they benefit from the bare ground
available for colonization in the early years.

Introduction

A major objective of restoration ecology is to develop effective,
fast, and inexpensive methods to restore the structural and
floristic characteristics of an ecosystem. When topsoil removal
is necessary for civil construction and mining, the soil may then
be successfully used as a fertile substrate and a source of plants
for the reclamation and restoration of degraded areas (Tacey &
Glossop 1980; Schwenke et al. 1999). Indeed, topsoil translo-
cation has been used for the restoration of deserts, grasslands,
woodlands, and forests throughout the world (e.g. Vécrin &
Muller 2003; Hall et al. 2010; Tozer et al. 2012; Golos & Dixon
2014). Most studies find that topsoil translocation transfers a

large number of seeds, therefore supporting the restoration of
a community that is similar to the pre-disturbance community
(Rokich et al. 2000; Vécrin & Muller 2003). Although seedling
recruitment from seeds in the topsoil is the main source of
vegetation recovery (Hall et al. 2010), individuals may also
regenerate from root fragments, rhizomes, corms, and tubers
(Tozer et al. 2012).

The savanna ecosystem is dominated by grasses with scat-
tered shrubs and trees. Savannas may cover up to 15% of the
global land surface, and are mostly found in South America,
Africa, and Australia (Haxeltine & Prentice 1996). In South
America, savannas cover approximately 270 million hectares
(Solbrig et al. 1996; WWF 2015). The Brazilian savanna, also
known as cerrado, once occupied about 23% of the coun-
try, but it is being converted to mechanized agriculture at a
fast rate (Lapola et al. 2014), and mining and urbanization are
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increasing quickly (Pereira et al. 2012; Mineral Data 2015).
Usually, the topsoil and native vegetation that are removed by
these activities are discarded in waste dumps. To date, there
are few studies addressing the use of topsoil for the restora-
tion of savannas (see Gould 2012 for a study in the Australian
savanna). Topsoil translocation is likely to be an effective tech-
nique for Brazilian savanna restoration because it includes a
seed bank with herb and shrub species. Although herbs and
shrubs represent 87% of the spermatophytes in the Brazilian
cerrado (Mendonça et al. 2008), they are neglected in restora-
tion projects because little is known about their seed and
seedling biology and propagation requirements. Another advan-
tage of topsoil translocation for savanna restoration is that the
bud bank is also transferred, including rhizomes, rhizophores,
xylopodia, corms, bulbs, roots, and aboveground and below-
ground fragments that have the potential to resprout (Gotts-
berger & Silberbauer-Gottsberger 2006; Klimešová & Klimeš
2007; Clarke et al. 2013). In cerrado physiognomies, herbs
resprout from bud banks after disturbance events (Gottsberger
& Silberbauer-Gottsberger 2006; Appezzato-da-Glória et al.
2008), although they can also recruit from seeds (Williams et al.
2005). Similarly, shrubs and trees have high resprouting ability
(Medeiros & Miranda 2008), and some species propagate veg-
etatively after fire (Hoffmann 1998).

We evaluated the use of topsoil as a plant source to restore
the savanna vegetation of an abandoned laterite quarry over a
period of 3 years. The objectives were (1) to evaluate the relative
contributions of true seedlings and resprouters to shrub and
tree densities and (2) to assess changes in community structure
and floristic composition 5, 15, and 37 months after topsoil
translocation, taking into account herbs, shrubs, and trees.

Methods

Study Area

The study was conducted from December 2010 to February
2014 in the Federal District of Brazil. Mean annual precipitation
in the study area is 1,394 mm, with 86% of the rainfall concen-
trated between October and March. Mean temperature is 22.2∘C
in the hottest month and 18.1∘C in the coldest month. The soil
is dystrophic Oxisol (Red Latosol).

The topsoil used in this study consisted of aboveground vege-
tation plus soil to a depth of 40 cm. The vegetation was removed
and the soil excavated within a 2.5-ha area for the construc-
tion of buildings in the suburb of Brasília, Federal District
(15∘59′S, 48∘03′O, elevation 1,195 m a.s.l.). The vegetation of
the removal site was cerrado stricto sensu, characterized by
a continuous grass cover with sparsely distributed subshrubs,
shrubs, and twisted trees. The vegetation was preserved and did
not include invasive exotic grasses.

The topsoil deposition site, in a state reserve 5 km away from
the topsoil collection area (16∘01′S, 48∘05′W, elevation 1,040 m
a.s.l.), was approximately 1 ha in size. The area, which used to
be a laterite quarry, was excavated to a depth of 3 m, exposing
an extremely compacted clay horizon with ravines (Fig. 1A).
Before mining, the deposition area had been covered by cerrado

stricto sensu on a dystrophic inceptisol (cambisol), as inferred
from the surrounding landscape. Half of the perimeter of the
deposition site was surrounded by a typical savanna invaded
by exotic grasses, mostly Andropogon gayanus, and the other
half was delimited by the rest of the quarry, with very scattered
Andropogon clumps.

Topsoil Stripping and Translocation

The topsoil was translocated between December 2010 and Jan-
uary 2011. A front loader was used to remove both the vege-
tation and the topsoil. The front loader moved across the field
twice per strip, first removing all vegetation by stripping the soil
surface to a depth of about 10 cm, then excavating an additional
30 cm. This procedure facilitated both vegetation and topsoil
removal because the woody vegetation had not been cut with
a chainsaw. These layers were combined into one pile for each
strip, resulting in several piles circa 4 m wide× 15 m long× 2 m
tall of soil mixed with litter, whole plants, root and stem frag-
ments, branches, and seeds (Fig. 1B). Although not estimated in
this study, plant fragments were found at densities of 2,220/m3

in a topsoil of tropical dry forest in the Federal District, mostly
comprising root fragments (Ferreira 2015). The piles amounted
to 7,500 m3 of topsoil, which remained in place for 15 days.
After this period, piles were loaded into dump trucks using the
front loader and transported to the deposition area. The top-
soil was distributed by lifting the bucket and slowly moving the
truck to form connected mounds 3 m wide and up to 1.5 m tall
at the top and 0.1 m tall at the base, creating an irregular surface
(Fig. 1C). As a result, 2.5 ha of excavated topsoil became 1 ha
of deposited topsoil. In this study, it was not possible to level the
topsoil mounds because deposition occurred at the peak of the
rainy season, and these maneuvers would have been hampered
by the front loader getting stuck in the mud and by soil stick-
ing to the loader. By the time the soil was less wet (1 month
later), germination and resprouting had already started, and this
procedure would further damage them.

Vegetation Sampling

The source of shrub and tree regenerants was examined by
digging 76 and 105 randomly selected individuals at 5 and
15 months, respectively. Regenerating individuals were classi-
fied as seedlings if originated from seeds, or resprouters if orig-
inated from root or stem fragments (Fig. 1D).

Community structure and species composition were evalu-
ated 5, 15, and 37 months after topsoil translocation. For the
first two surveys, all individuals within 18 randomly placed cir-
cular plots of 1 m radius (3.14 m2) were recorded, including all
herbs, shrubs, and trees. At 37 months, the number of individ-
uals and the heights of shrubs and trees were recorded in 30
plots, whereas the coverage of herbs was assessed using the
step-point method because the number of herb individuals did
not correlate with the amount of space occupied by them (Inter-
agency Technical Reference 1999). In addition, it is difficult to
distinguish individuals of herbaceous species in the field, espe-
cially grasses. For the step-point method, four 30-m transects
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Figure 1. Stages of topsoil translocation for Brazilian savanna (cerrado) restoration in the Federal District, BR. (A) Deposition site before receiving topsoil;
site was originally used for quarrying, exposing the C horizon; (B) topsoil with removed vegetation and piling; (C) deposition site after receiving topsoil; (D)
shrub and tree species resprouting from root fragments; (E) deposition area 5 months after receiving topsoil, partially covered by several plant life forms,
many flowering and fruiting; (F) deposition area 37 months after receiving topsoil, completely covered by native and exotic invasive grasses.

were allocated randomly and coverage was sampled every 0.5 m
using a 2-m tall stick subdivided into four intervals (0–0.50 ,
0.51–1.00 , 1.01–1.50 , and 1.51–2 m). At each sampling point,
we recorded the species identity of all life forms that touched
the stick in each height class. This method was used to esti-
mate percent cover by species or straw (dry grass) in each height
class, and total ground cover was calculated by grouping height
classes in each point. Considering that more than one species
may touch the stick at each point, total coverage may be more
than 100%.

An additional floristic survey was carried out at 37 months to
search for all species not sampled in the plots and step-points
within the 1-ha area of topsoil deposition. Species were identi-
fied in the field or collected for comparison with bibliographic
and herbarium material. Collected specimens were deposited
in the herbarium CEN, Embrapa Genetic Resources and
Biotechnology.

Data Analyses

We investigated the relative numbers of seedlings and
resprouters of shrub and tree individuals to assess the sources of
regeneration. Stem density and richness rarefaction curves for
shrub and tree species were estimated over 37 months (3 years)
based on the number of individuals. We also described the
minimum and maximum heights of shrub and tree species at
37 months. Herbaceous cover was estimated by species fre-
quencies in the 18 plots at 5 and 15 months, and by the number
of step points touched by the herb species (in any height class)

relative to the total number of sampled points at 37 months.
We also described the vertical structure of the vegetation by
estimating the percent coverage of herbs, shrubs, and trees
combined, and straw (dry grass) relative to the four height
intervals of the step-point samples.

Results

Three years after topsoil translocation, 21 tree species, 40 shrubs
(Table S1, Supporting Information), and 24 herbs (Table S2)
were recorded in the floristic survey, totaling 85 species from
33 families. The most representative families were Fabaceae,
Poaceae, Asteraceae, Bignoniaceae, and Solanaceae, with 17,
10, 9, 6, and 4 species, respectively. Four species were invasive
exotic grasses, and the remainders were native species.

At 5 and 15 months, 91 and 83% of the individuals (shrubs
and trees combined) resulted from resprouting, respectively,
whereas the remainder originated from seed germination. It
was not possible to distinguish between root and stem origin
of resprouting fragments with certainty, but based on visual
inspection their origin seemed to be root fragments (Fig. 1D).
At 5 months, the density and richness of shrubs and trees were
3.2 stems per m2 and 51 species, respectively, decreasing to 2.6
stems per m2 and 43 species at 15 months and 0.5 stems per m2

and 27 species at 37 months (Fig. 2). Shrub species dominated
the samples in all the three sampling dates. Shrub species ranged
from 15 to 129 cm tall and tree species were 15 to 261 cm tall
(Table S1).
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Figure 2. Shrub and tree stem density and richness after topsoil translocation in the Brazilian savanna, Federal District, BR. (A) Stem density (mean± 1 SE)
of shrubs ( ) and trees ( ) at 5, 15, and 37 months after topsoil deposition. (B) Shrub richness rarefaction curves based on individuals. (C) Tree richness
rarefaction curves based on individuals. Samples taken 5 months (dotted line), 15 months (dashed line) and 37 months (full line) after topsoil deposition.

Table 1. Percent plant cover in four height classes 37 months after topsoil
deposition in Federal District, BR; nomenclature: Flora do Brasil 2014
http://floradobrasil.jbrj.gov.br.

Group/Species
Less than

0.50 m 0.5–1.0 m 1.0–1.5 m 1.5–2.0 m

Native graminoids
Scleria sp. 1 — — —
Echinolaena inflexa 40 11 — —
Andropogon bicornis 5 5 4 1
Aristida sp. 11 4 1 —
Panicum sp. 2 — — —
Axonopus sp. 1 1 — —
Eriochloa sp. 1 — — —
Total 61 21 5 1

Invasive exotic grasses
Andropogon gayanus 33 45 34 16
Urochloa decumbens 21 16 7 1
Melinis minutiflora 7 8 — —
Total 61 69 41 17

Straw (dry grass) 42 — — —
Shrubs and trees 13 8 3 5
No cover — 23 54 77

Plant cover increased markedly over the 3 years and was
associated with species turnover from annual herbs (Fig. 1E) to
native and invasive exotic grasses (Fig. 1F). Annual herbaceous
plants were recorded as early as 5 months after translocation,
with richness and frequency peaking at 15 months, followed by
no representation at 37 months (Table S2). In contrast, native
and exotic invasive grasses had low frequency at 5 months,
with the highest frequency at 37 months (Table S2). In the final
assessment, the soil was completely covered by grasses. In the
class up to 0.5 m in height, the cover was 61% native grasses,
61% exotic grasses, and 13% shrubs and trees. Invasive exotic
grasses dominated at heights above 0.5 m (Table 1), especially
Andropogon gayanus, which had vigorous clumps up to 2 m
tall. The two native grass species that contributed the most to
soil cover were Echinolaena inflexa and Aristida sp. (Table 1),
and the two main exotic grasses were A. gayanus and Urochloa
decumbens (Table 1).

Discussion

This study demonstrated that topsoil translocation, previously
untested in Brazilian savanna (cerrado) restoration, has the
potential to be used as a successful means of plant replacement
following activities that remove topsoil from savanna areas,
such as mining, urbanization, and road, railway, pipeline, and
channel construction. Topsoil translocation favored the propa-
gation of many native herbaceous and woody species, especially
due to the active bud bank of root fragments transferred with
the topsoil. The native grass cover was extensive and there were
relatively large shrubs and trees for the length of the evaluated
period. Moreover, many of these were already flowering and
fruiting, forming a typical savanna physionomy. For instance,
the density of shrubs and trees (0.5/m2) was more than four
times higher than the density observed in conventional restora-
tion plantings in Brazilian savannas, which use 3× 3 m spacing
and aim to reassemble only the tree community, ignoring the
fact that herbaceous and shrub strata encompass 31 and 56% of
the plant species, respectively (Mendonça et al. 2008). Unfor-
tunately, by the third year exotic invasive grasses had covered
a substantial portion of the soil, and these grasses are likely to
increase their dominance in the following years, preventing the
expansion of native grass cover or even decreasing it. The abil-
ity of invasive grasses to out-compete native grasses in Brazilian
savannas is well known (Pivello et al. 1999; Martins et al. 2004).
Therefore, it is essential to control invasive grasses early in the
restoration process.

Shrub and Tree Species Regeneration

Seedling recruitment from the seed bank has previously been
identified as the main form of regeneration following topsoil
translocation (Vécrin & Muller 2003; Hall et al. 2010). How-
ever, the woody vegetation in the studied savanna regener-
ated primarily from root fragments. This result was expected
because persistence by resprouting and vegetative propaga-
tion is a common trait in fire-prone ecosystems, where below-
ground organs like roots are important sources for resprouting
(Hoffmann 1998; Medeiros & Miranda 2008). The domi-
nance of shrubs over trees throughout the study, both in
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terms of number of individuals and of number of species,
may be explained by their higher resprouting ability (Vesk
2006) and by the high proportion of shrubs in mature Brazil-
ian savannas, which have six times more shrub than tree
species and individuals (Abdala et al. 1998; Mendonça et al.
2008).

Despite the relatively high density of shrub and tree species
in the third year, density decreased from 3.2 to 0.5 stems per
m2 from the 5th to the 37th month. This decline is consistent
with our observations on plants excavated at 5 and 15 months:
although root fragments did sprout shoots, the roots were very
small or absent, and the survival of those individuals was not
guaranteed. Many tree species are able to sprout new branches
from root cuttings but are unable to sprout new roots (Vieira
et al. 2013), causing a false impression of success soon after
propagation. Future investigations should assess whether root
sprouting and elongation would increase with a longer rainy
period after topsoil deposition. In this study, the rainy season
lasted from early October to early April, but topsoil deposition
occurred only in early January. Therefore, advancing topsoil
translocation to the early rainy season would provide three
additional months of rain for the establishment of resprouters
before the dry season begins. In some cases, it would also be
worthwhile to test the effects of irrigation during the first dry
season after topsoil deposition.

Similarily, the contribution of the seed bank to the germi-
nation of shrubs and trees has the potential to be higher than
recorded in this study, as topsoil translocation occurred more
than 2 months after the onset of rains, and most seeds had
already germinated before topsoil removal. The seed bank of
cerrado species is transient; seeds accumulate until the onset of
rains, when optimum moisture conditions lead to a peak of ger-
mination (Salazar et al. 2011). Translocating topsoil before the
onset of the rains would improve the efficiency of the method by
increasing seed density in the soil (Rokich et al. 2000; Hosogi &
Kameyama 2004). Aside from the limited seed stock in the top-
soil, the removal and deposition procedures dilute the seed bank
in the deposited soil (Rokich et al. 2000; Rivera et al. 2012).
This method could be improved by separating the top 5 cm of
soil, which contains the seed bank, from the deeper soil (Tozer
et al. 2012), which contains the bud bank, and depositing them
in the same order.

Herb Species Regeneration

Herb cover changed quickly over the 37 months. Initially, annual
herbs had the highest richness and frequency, but at the end
of this study they were replaced by native and invasive exotic
grasses. Annual herbs are efficient colonizers, as they form
persistent seed banks that germinate and complete their life
cycle quickly after soil exposure (Rapport & Whitford 1999),
in contrast to native and exotic perennial grasses, which are
efficient competitors but have slower initial development and
biomass accumulation (Aires et al. 2014). Although grasses
may be recruited from the seed bank (Andrade & Miranda
2014), which is transported in the topsoil, some native species
also spread by stolons (Klimešová & Klimeš 2007). An example

is Echinolaena inflexa, which reproduces vegetatively (Gotts-
berger & Silberbauer-Gottsberger 2006) and occupied a large
proportion of the soil in this study. Grasses may also origi-
nate from seeds dispersed from the vicinity of the study area
after topsoil deposition. This seems to be the case of the
exotic grasses Andropogon gayanus and Urochloa decumbens,
two African species that are highly invasive in Central Brazil
(Horowitz et al. 2013) and very abundant in the areas surround-
ing the study site. In this study, invasive exotic grasses were
up to 2 m tall and had a high cover. With their high biomass,
invasive exotic grasses generally increase burning intensity and
frequency to a level that is not tolerated by native grasses and
shrub-tree species (Marinho & Miranda 2013). That reinforces
the need for controlling invasive grasses from the beginning of
the restoration process.
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Supporting Information
The following information may be found in the online version of this article:

Table S1. Floristic list of shrubs and trees species observed or sampled after topsoil
translocation in the Federal District, BR. For the excavated species (76 and 105
randomly selected stems at 5 and 15 months, respectively), the source of regeneration
was categorized as resprouting (R) or seed germination (S). For species sampled
within 3.14 m2 plots (N = 30 plots), the number of stems and minimum and maximum
heights are shown. Nomenclature: Flora do Brasil 2014. http://floradobrasil.jbrj.gov.br.
Table S2. Floristic list of herb species observed or sampled after topsoil translocation
in Federal District, BR. Frequency (%) is shown for the species sampled in 3.14 m2

plots (N = 18 plots) at 5 and 15 months and in 248 step points at 37 months.
aCalculation based on plots; bcalculation based on step points; *absent in the final
survey. Nomenclature: Flora do Brasil 2014. http://floradobrasil.jbrj.gov.br.
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