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Abstract

We assessed the efficacy of three different forest intervention techniques, in terms of
phytosociological and edaphic responses, that were implemented in 2007. In a farm where trees are

planted and managed for cellulose production as well as set aside for environmental conservation,
four stands were analyzed: three of them were considered degraded and were ma?ged using
different intervention techniques (transposition, perches, and abandonment)Aanala f;n'th stand
comprised of pristine vegetation was considered a control(reference). Flor;*stiz:'and‘plr;osociology

data was collected in three 10x10m plots established in each stand. Also, a total of 48 soil samples
~_
were collected to analyze physical and chemical attributes of the to&oil for the different stands. In

terms of biodiversity, all the treatments showed significantly lower values when compared to the

- N J
reference area. However, the soils in all the treatment and reference stands are similar in terms of
- N 7
physical and chemical attributes. Taking into account the specificities of each restoration
LA A .4
technique, we verified that the integrated use of a set of management practices, constituted by the
4 \ N

(1) abandonment of the area and (2) following a selective killing of the eucalyptus, is the most
. =
suitable and promising model to provide fast and effective restoration in terms of environmental

indicators.

Key-words: environmental & environmental assessment, forest ecology, forest restoration

technology, mterventlo®
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1. Introduction
Ecological restoration is the process of helping the recovery of an ecosystem that has been
degraded, damaged, or destroyed [1]. Ecological restoration projects are usually designed aiming
to accelerate and/or guide the path of restoration of an ecosystem to a close approx%l of its
condition prior to disturbance [2]. Several techniques and models have been de‘ 0 establish
specific or general features and/or routes of ecosystem patterns and/or esSes aiming towards
restoration [3, 4]. Restoration techniques vary from passive, where actions taken are to
eliminate the negative impact drivers, to highly interventioni several modifications are
made to accelerate environmental recovery [5, 6].
Nucleation restoration techniques, for exa @e activities that result in small units
of vegetation established within the degraded ari Compared to plantation techniques, they result
\

in lower cover but more diverse communities [7]. Some activities that fall under this category are

the use of trees as perches, constr of artificial shelters for animals, planting of herbaceous

shrub areas, seed and soil position, seed rain, planting of native trees in patches, or
establishment of ecolo@te ng-stones [6, 8].
- 4 )

Although such techniques are used for the restoration of degraded environments, cases of
ecologic rest@ in eucalyptus regions have not been extensively studied [9]. In many regions,
includingBfazil, eucalyptus forests have long been used for the cultivation of commercial trees [10,
11]. Eucalyptus plantations are important for the production of wood and other forest-based raw
materials, which reduces dependence on remaining natural forests.

Nonetheless, the implementation of tree plantations has many negative environmental
consequences such as the use of non-native species, reduced biodiversity [12], heavy use of soil
amendments, and the use of heavy machinery for harvesting. Tree plantations reduce ecological

health compared to natural forests. After tree harvest when the management of such areas changes
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from production to conservation, ecological restoration techniques may be preferred rather than
"doing nothing" to more rapidly return to of the environmental conditions found in adjacent
natural forests [13].

Most of the changes in soil properties in response to disturbance and reclamation are
dependent on the reestablishment and development of the plant community [14]. According to the

level of degradation and distance from healthy forested fragments, degraded areas might respond

| 0N
differently depending on the application of different restoration techniques. In forest plantations,
4
the soils and vegetation usually differs from their natural conditions [13, 15]. & e do not

completely understand how these environmental features are modifiedG e application of
ecosystem restoration techniques.

Evaluating ecosystem responses using environmental indigatorSguch as vegetation structure,
plant diversity, and soil quality is common in restoragion %projects [16, 17]. Some of the
environmental indicators described ahead were u 0 @ pare the effect of different restoration
techniques on areas previously planted for eu cultivation.

Considering the hypotheses tha Ithough restoration projects have similar goals (e.g.,
recovering ecosystem integrity, he he potential for long-term sustainability), the use of
different restoration techniq xenerate differing environmental outcomes, and (2) after six
years restoration mana@ e three restored areas present statistically similar environmental

indicators compar@

effectiveness @h interventionist technique in terms of phytosociological and edaphic

an adjacent, pristine forest; in this study we aimed evaluating the

attributes

2. Study site
2.1. Environmental features

The farm that encompasses our study sites lies in the Bofete Municipality, central region of
the Sdo Paulo State in southeastern Brazil. The geographical coordinates are: 23°03'05” South

latitude and 48°09'57” West longitude (Fig. 1). The annual average temperature is 15.1°C
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(minimum 10.6°C and maximum 18.9°C). The average annual rainfall is 1,491 mm [18]. Relief is
mainly composed of smooth rolling hills. The original vegetation is a mosaic formed by fragments
of Semidecidual portions of Atlantic rain forest and portions of Brazilian savanna. The Atlantic
forest that occurs in the countryside of the Sdo Paulo State is a vegetation formation that
encompasses semideciduous species in the genera Cedrela, Parapiptadenia, Cariniana, Copaifera,
Peltophorum, Astronium, Handroanthus, Balfourodendron. The Brazilian savanna is very similar to the
semidecidual Atlantic Forest, but the trees usually present a tortuous architecture of t%k and
branches. In the outer parts of the branches the tissue is formed by a thick laﬁe 0 cells that
protect the tree against fires, which are a common ecological compones# o hlS biome. Some
examples of species present in the Brazilian savanna include t@ Caryocar, Salvertia,
Bowdichia, Dimorphandra [19].

The central region of Sao Paulo is currently dominated b$ agricultural activities [15]. The

bedrock material is essentially sandy medium- of fine- ed, lying over a part of the Guarani
aquifer. As consequence, soils are predomin ndy in texture. The dominant soil order is
Alfisols, and the soil organic matter con tion is usually low [15].
&

2.2. Description of forest rest &echniques

The 650 hectare belongs to an international corporation that produces cellulose
from trees. The f o main goals: cultivation of commercial tree species for cellulose
production, ar@ronmental conservation.

In er to obtain the international certification (FSC® Certification Forest Stewardship

Council- www fsc.org), the farm must maintain a percentage of natural forest land cover. In June
2006, in order to increase the percentage of natural forest, the farm managers decided to restore
some degraded areas. However, they did not know what was the most efficient technique to
achieve their restoration goals. Hence, a set of new land use management actions were

implemented with the aim to inform future restoration initiatives and establish a sustainable
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restoration trajectory on this farm and on other farms owned by the corporation. One of such
actions was an experimental approach to restore three previous eucalyptus plantation areas.

Three stands of approximately one hectare each were set aside for the restoration study
(Fig. 2). All of the stands had been used previously for planting Corymbia citriodora (Hill &
Johnson), which is known as eucalyptus in Brazil. In 2006 all forest management activities
(understory control, pesticide use, soil amendments) were stopped, and the restoration
interventions, two of them considered nucleation techniques, began. \

In the first stand, all eucalyptus trees were removed leaving it 2 cleared.
Following, approximately 114 kilograms (dry weight) of forest litter fro ent natural forest
patches were uniformly spread on the soil surface. The transpositighs executed in the dry
season and no more interventions were made. This treatment wag na “transposition”.

In the second stand, eucalyptus trees were kept in plot. The trees had an approximate
height of 18 m and were spaced 3 x 2 m a @ were no additions of any kind of
allochthonous material (e.g. forest litter). Ho e trees in this stand were chemically killed
by inserting herbicide into the root syste though the trees were dead, they were kept standing

to serve as perches for birds, bats a@e eed disperser animals. Here we named this treatment

“perch”.
In the third euc and, the trees were kept alive in the plot. The eucalyptus trees
were planted in 2001, anagement activities stopped and restoration started in 2006. The trees

(and stand) w@e years old. In 2006, all weed control, soil amendment application, pruning,
and thin management activities ended. The understory in the stand was kept alive and human
interventions ceased. We named this treatment “abandonment”.

Successful ecosystem restoration following disturbance is usually assessed according to the
degree of similarity between the restored site and a relatively undisturbed reference site [14].
Hence, we considered a fourth area as a control or “reference” area for the study. This area is
located in the same property and consists of a native forest fragment that has been used for

environmental conservation and environmental education [20].
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Data collection was carried out in the four areas. The information collected in the
“reference” area was used to compare the environmental status and performance of the three

restoration treatments.

2.3. Collection of floristic and phytosociological data
In 2013 three square-shaped parcels (10 x 10 m) were created in each research stand. In each
parcel, the diameter at breast height (DBH) of all trees > 1 cm in diameter was measu&tl.% m
from the ground. The DBH was measured using a caliper. For large trees Sqta s used to
measure the perimeter and subsequently estimating their diameter. In §; of the stand
Qteria of DBH were

perches, all dead trees of eucalyptus and also all live trees that lr%

catalogued [21].

Afterward, we identified the trees taxonomically (rea¢hing¥he species level when possible),

using appropriate taxonomic keys and consulti o avoid misclassifications. We also

checked the phytosanitary status of the trees, idence of possible diseases. Dead trees were
also measured and identified taxonomic hen possible.

Once the database was forme@ culated the Shannon’s index of diversity, through the

H= —Z:Pi *logP; O®

Where: the Shannon’s index; P; is the proportion of the individuals belong to species “i”.

formula [22]:

We also calculated the Jaccard’s index of similarity among the stands, using the equation [9,

22, 23]:

_|ANB|

J(4,B,...)=
( ) | AU B
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Where: | (A,B,...) is the amount of the intersection divided by the amount of the union of the

sample sets.

For each individual tree, dead or alive, the above ground biomass was estimated using the

N

3)

equation proposed by Arevalo et al. [24]:

*

\\

Where: AB is the amount of above ground biomass, dead or ali¥e,d . DBH is diameter at

breast height; 0.1184 and 2.53 are constants. 0

AB =0.1184 x DBH?253

The database was subdivided into groups T some criteria. First, the tree species
were classified according to three regenerati es (modified from Rolim & Chiarello [25]):
Pioneer (very fast growth rates, light anding, gap colonizer, seed bank, short life-span);
Secondary (medium growth rates, -tolerant, seedling bank, medium life-span) and Climax
(slow growth rates, shade-toﬂ dling bank, large seed, long life-span). After, the dispersion

guilds were proposed accordir% the main agents of seed dispersal (wind and water) or biotic

(animals and the @Qlf) [26]. The third criterion was to identify the trees by origin,

distinguishing@ from non-native species.

2.4. Collection of soil samples and data

In each stand, twelve undisturbed soil samples were collected using a volumetric ring [27].
These were packed and transferred to the laboratory for analysis. Each sample was dried and
divided by the volume of soil to determine the dry density.

In addition, five points were randomly selected and a of 500 g soil sample was taken using a

steel hoe. In the laboratory, each sample was crushed and passed through a 2.00 mm sieve mesh.



Downloaded by [UNESP], [Alexandre Marco da Silva] at 11:14 13 May 2015

9

The sieved material was used to determine physical and chemical properties of the soil (Table 1).
Samples whose base saturation value was lower than 50% were classified as dystrophic, and

samples whose value was equal or higher than 50% were considered eutrophic [28].

2.5. Statistical analyses
Each of the four stands was considered a treatment unit [22]. Hence, the Kruskal Wallis test
was applied to determine the phytosociology and soils differences among sites. Spe&n’s non
parametric correlation tests were also carried out among some soil chemical { .% rom each
stand. Cluster analyses (Euclidean distance and complete linkage) were c d considering the
®)

phytosiciological and soil data separately, as well as togetherto asses

the stands. In all tests an apriori significance level of a=5% was 50
3. Results %

3.1. Floristic and phytosociology data

1 similarity among

A total of 435 individual trees an pecies were recorded in the twelve studied parcels.
The reference area presented the mber of trees, which was significantly different from
the transposition and perch able 2). For all stands, most of the trees had diameters at
breast height smaller t . . The abandonment stand had the highest mean value for tree
height, while the tiees f. “transposition” had the lowest. Above ground biomass was lowest in
the trans ositi@\d.

Ov , the mean Shannon index (H’) was 0.86 for all sites combined. Separately, we
observed that the abandonment stand had the highest H" value (1.17) and was more diverse than
the reference area (H'=1.05). On the other hand, the transposition and perch stands had H" values
of 0.65 and 0.58, respectively, which were lower than the overall mean (Table 3).

Considering all the stands, 80% from the total trees species use biotic seed dispersal

mechanisms. The Myrtaceae was the predominant botanic family and was represented by eight
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species, while the Fabaceae family followed with four species. All other tree families were
represented by three or less species.

The dissimilarity which occurred among the stands is evidenced by the Jaccard’s (J) index
values (Table 4). The experimental stand that presented the highest ] index value in relation to the

reference stand was abandonment. The transposition and perch stands had low ] values relative to

3.2. Soil data * Q
O

The soils at the farm have a sandy texture and are dominated by t fraction. The

the reference stand.

values of dry density ranged from 0.85 to 1.76 g/cm3. The pH values j at the soils are acid

and have low cation exchange capacity. Due the low base saturatign, they are predominantly
dystrophic (Table 5). Q

Mean values of dry density were similar andmo @ icantly different across stands (Table
6). Soils from the reference site were the most d along with the soils from transposition site
had the highest mean values of soil or matter concentration. However, none of the studied
sites (abandonment, transposition had SOM concentrations that were significantly
different than those in the ref ea.

While soils from nce area had the highest P values (not significantly different
however), they alsg'ha owest K and Ca values. The overall correlation among Ca and Al was
inverse and hi@gniﬁcant (r2=0.83, P<0.0001). For the K values no significant differences were
noted, a or’ Ca values a significant difference was found between the reference and
abandonment sites. For Mg, the reference area had mean values lower than the other stands (less
than a half), and these were significantly different than the transposition and abandonment stands.
In the reference stand, we also observed considerably higher Al concentration values, as well as
the highest value of cation exchange capacity. Samples taken from both the reference area and
perch stands were classified as dystrophic. On the other hand, most of the samples taken in the

other two stands were classified as eutrophic.
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The correlation between pH and base saturation values was r2= 0.91 (significant P < 0.0001),
while the correlation between saturation of Al and base saturation was inverse and also highly

significant r2= 0.91 (significant P> < 0.0001).

3.3. Integrated analyzes
The outcomes of cluster analyses conducted using floristic data, soils data, and both data sets
show that stands were significantly different than the reference area (Fig. 3). Aban%nt and
transposition presented significant similarity for all combinations of datasetS, e floristic
and phytosociology data were analyzed separately, perches presented rse performance.
Qe most similar with

When the soil attribute data were analyzed separately, the perches st

the reference area. When all data were analyzed together, perches a ad greater similarity with

O

the reference area than the others stands.

4. Discussion

4.1. Floristic and phytosociolo d@
When data from each & stand were analyzed, some strengths and weaknesses were

observed in each tec .@he transposition stand presented low biodiversity index. It is
important to remembex that the transpositions of the forest littler were conducted in the dry
season, hich@\en the wind favors seed dispersal and establishment [29]. This technique
should hayé an indirect effect inhibiting herbaceous vegetation growth given that it acts a soil
cover. This fact was clearly reported by Rodrigues et al. [30], who verified that in the plots where
the forest litter was present, the native herbaceous vegetation was largely reduced.

In the transposition stand of our study, however, the parcels were completely covered by a
non-native grass brachiaria (Brachiaria decumbens) that has a wide range of adaptation. The

establishment of this invasive species was a critical element limiting the growth of new native
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plants. The grass causes the formation a mulch layer over the ground with allelopathic properties
that inhibit the germination of seeds [31].

In order for the transposition treatment to be more effective, two complementary actions
could be done: 1) efforts to avoid the brachiaria propagation are necessary. Although the
employment of a specific chemical is considered a suitable technique [32] and some products could
be effective, alternative techniques should be priority considered. For example, the cultivation of

o
pumpkin, zucchini or other crops of economic importance that cover the ground surface [33], and
2) increasing the amount of forest litter to be delivered to the area to be restorec mportant
because the raising and spread of brachiaria clearly harmed a crucial ecole@icalfunction that was
the emergence of new tree species and dramatically influenced in thedoc erns of biodiversity.

In the case of the abandonment stand, and taking into aggou at the area could serve as

habitat to other species, planted forests are characterized by§som@éconstraints due to their more- or

less-intensive management. For example, clear cuw Omparatively short rotations favor the

.
occurrence of ruderal plant species (i.e., species able to survive on inhospitable and/or disturbed
habitats), whereas some long-lived clim cies may not be present [34]. This fact does not occur

in the abandonment area due the ce@o anagement actions [13].

t frugivorous birds that could disperse seeds through droppings.

For the perch stand, tIQ&ﬂling the trees and keep them standing (not removing them)

was to use the dead tre@
In parcels of this @ eucalyptus trees were disposed on line among them and uniformly

distributed al the stand. We hypothesized that if such trees effectively played a role as perch,
then aro%perching tree a nucleus of advanced succession would be formed [35]. However,
our data proves that this fact did not occur.

The perches stand presented the lowest performance in terms of plant biodiversity when
compared to the reference area. This is evidence that proving that biodiversity restoration was not
very effective through this technique, even considering the fact that this stand is located near
natural forested areas. Hence this leads us to suppose that the environment formed with the

perches was not suitable for species potentially disperser of seeds. The missing of something that
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could attract the birds, like fruits, probably influenced the low performance of the perches, because
in field was observed most commonly the occurrence of bird species classified as predators instead

of dispersals (K. R. Castelli, personal observation).

4.2. Soil data
In terms of physical attributes, dry density was very similar among the stands%)aring

our data with a study conducted by Mosca [15] in other adjacent regions of % % farm and

considering area planted with eucalyptus and pastured areas, soils that ill being cultivated
with eucalyptus are denser than the ones evaluated in our study. to Mosca [15], soils
cultivated with eucalyptus had a mean value of 1.50 g/c soils covered with grassy

vegetation (pasture) had a dry density of 1.70 g/cm3. @ng such values with the ones

presented in our study, we believe that the restor ues need to address soil compaction
in order to return dry density to conditions si atural areas.

In general, our data indicates that wer pH values there is higher soil dystrophy and Al
concentrations. For all stands, Ca i@ nant exchangeable cation in the sum of bases. On the
other hand, in both the refer &perch stands, the contribution of Al to the cationic exchange
capacity was critical ( 7% respectively). The soils of all stands are acidic and high
acidity is a stresso he germination of seeds and growth of many plants species [8, 36].
This might be a possible additional fact that explains of the low number of trees in the perches
stand.

The fact of none of the managed sites had SOM concentrations that were significantly
different when compared with soils from the reference area is an important finding because the
SOM is frequently cited as a major indicator soil quality [37]. The two stands with highest SOM
values were reference and transposition, but the accumulation of SOM probably occurred through
differing mechanisms. In the dissertation by Castelli [21] the values of accumulated litter over the

forest floor reported for these same stands were 14.1 t/ha for transposition and 22.9 t/ha for
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reference. In the transposition stand the litter is formed mainly by brachiaria grass (Brachiaria sp.)
[21]. Although the deposition (litterfall) is not so intense, its the decomposition results in humus
that persist in the soil and that can lead to high SOM values. In the reference area the forest litter is
formed mainly by decomposing leaves and branches.

In contrast, the abandonment stand had the lowest SOM amount. Castelli [21] reported
annual average amounts of accumulated forest litter of 20.3 t/ha. The litter in the abandonment

stand is formed primarily by leaves, whose decomposition generates organic produc%us) of

weak persistence in the soil. Consequently, although the accumulated amour t litter is
high (probably due the high rate of litterfall), the SOM may be not large as reported here
because the humus is highly decomposable (i.e., is highly capable of ie1 eralized). In perches

we reported relatively low amount of litter accumulated over t@ 4.4 t/ha) and low amount

of SOM as well. Q

4.3. Integrated assessment and proposal of a e

No single stand presented indicat tisfactorily comparable to the reference area. For the
perch stand, the dystrophic and h1 ¢ soils could have deter the germination of seeds that
could possibly been deliver: hfe In addition, killing the trees was a not an effective
strategy because the t1 ot used commercially, and the bare branches were not attractive
to birds and/or b s a 1tat Hence, keeping some live trees rather killing them would be a
better restoratl@rnative [8].

Fro e transposition stand experience two conditions favored the establishment of
brachiaria grass: (1) the open canopy and (2) the acid soils. The rapid colonization of the grass
formed a dense mulch layer over the ground, which probably prevented the germination of seeds
occasionally transferred from other places by wind or animals.

Overall, the abandonment stand presented the best outcomes. We confirm that this practice

was the best form of management towards biodiversity restoration. This is regardless of the soil
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attributes [8, 13] and of the distance from a natural forest patch [38]. These findings are supported
by the Jaccard’s index results.

According to the meta-analysis conducted by Benayas et al. [39], the successful restoration
projects tend to increase the provision of biodiversity and ecosystem services by 44 and 25%,
respectively. Conversely, values of both remained lower in restored versus intact reference
ecosystems [12]. This characterizes an environment with new processes and patterns with non

[ 0%

proven capacity of self-perpetuation. Hence, new forms of interventions are demanded [3].

Y e\ 4

Although none of the techniques was satisfactory in terms of returning to the

J\\

environmental conditions found in the reference area, we identified benefits from the application

I U

of each technique. Aiming to more effectively reestablish the main ecological functions considered
" J
critical for the sustainability of a forest ecosystem, a novel and integrated model is here proposed.

e Stop forest management actions that clear théQforest’s or plantation understory is
recommended to let shrub vegetation grown duri restoration phase. It is expected that
the close canopy by the live trees in the aban nd will prevent the colonization of invasive
photophilic species, and instead promot stem succession processes to take place.

e The periodic and selective some eucalyptus trees is recommended. For instance,
10% of the trees should be kij ly (the trees to be cut should be randomly chosen along the
stand, rather than linea 1groups or regions in the stands).

e The treesfkill ould be kept standing rather than removed. As the dead trees fall
naturall fore@dynamics take place allowing the creation of micro-environments required for
the establishment of different plant species, hence promoting ecosystem plant diversity. Further,
removing trees is a work that usually causes a series of environmental impacts in the forest. If the
trees are to be removed for commercial purposes, then we suggest follow basic principles of best
management practices in forestry [32]. This activity should be developed in order to minimize the

disturbances to the forest floor and mineral soil. Under dry ground conditions, directional felling

should be carefully planned and removal of trees with mechanical equipment may be utilized [32].
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This guidance is especially important for our study area because the corporation aims to remove

the trees as well as restore the areas to the ecological standards and values of the original forest.

5. Conclusions \

*

i Q:onclude that,

e positive aspects

After six years of the implementation of different intervention actj

none of the techniques reached satisfactory results. However, co
observed in each stand and also some of the problems associated wi em (for example, invasive
plant species, unsuccessful use of perches by birds), we cdaiclude that the integration of different
aspects by each technique could reach the desirab results.

Considering the specificities of each tec {3 of restoration, we state that the integrated use
of a set of management practices, Constltuted by the (a) abandonment of the area and (b) following

a selective killing and posterior removal of the eucalyptus trees, is the most suitable model to

Y \J

provide fast and effective restoration in terms of environmental indicators. This model can be used

in several other areas i ilian territory or elsewhere. We emphasize that this proposal is

economically feasi@ erfectly acceptable by tree corporations that provide certifications of

quality. 0
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Property
Amounts of sand, silt and Through sieving method £0
clay
m and gently mixed with 50 ml of distilled or
H deionized a glass beaker. Hence, the solution was
p homogeni ing a glass rod and it was remained untouched by 30

s€d a multi-parameter probe, Oakton model PCS Test 35,

preyiously @alibrated for pH quantification.
””””””””””””””””””””” potassium dichromate (wet digestion), with titration with

us ammonium sulfate 0.05 M. After, the result was multiplied by
meaning the coefficient of transformation from grams of carbon
grams of soil organic matter
Using the Mehlich extractant solution. After the mixing with reagents
and filtration, the solution was submitted for reading in a
spectrophotometer, calibrated in wavelength of 600 nm and after
applying the result in an equation. For K and Na the solution was
submitted to a flame photometer.

Exchangeable magnesium The Ca and Mg are extracted together with the Al by 1M KCl. First, a

(Mg) (mmolc/dm?) fraction for the extract Al is titrated with NaOH in presence of
bromothymol blue as indicator. In another fraction of the extract, the
titration reveals the Ca and Mg concentrations using
ethylenediaminetetraacetic acid (EDTA) complexometry, using as
indicator eriochrome black-T. A third aliquot is taken for the
determination of Ca EDTA complexometry and calcon carbonic acid as
indicator.

Exchangeable calcium (Ca)
mmolc/dm3

Aluminum (AI’")
(mmolc/dm?)
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Using a solution of calcium acetate, and the titrating with an
alkalimetric solution

Total Exchangeable Bases
(T.E.B.) mmolc/dm?

Cationic exchange capacity . . 34
(C.E.C.) mmolc/dm? Using the equation: CE.C. =T.EB.+ H+ Al

Saturation of bases -BS (%) Using the equation: BS = (T.E.B. / C.E.C.) * 100

Table 2. Phytosociological attributes for each management sj

Variables Reference Perch Transposition
Total number of trees considering

156a,b 45a 50a
all plots (total area = 300m?)
Number of trees with diameter at
breast high > 4.77 cm conside& 45b 68b 17a,b 2a
all plots (total area = 3OOmZQ
Predicted number @du Is 1500 2267 567 67
diameter at br, G> 477 cm Not Suitable Minimum Critical
per hect classified
Mean diameter (cm) 5.7¢c 5.4b 6.1b 2.7a
Height (m) 47c 5.7d 3.6a,b 2.4a
Biomass (kg) 189.7¢c 26.1b 63.0b 5.1a

(*) According to SMA (2014): five years after the restoring actions, if in the restored area the
number of trees with diameter at breast high < 4.77 cm per hectare is < 200 it is considered critical,
meaning that the expected minimal values were not reached and new interventions are necessary

to be made in the area. When the number ranges from 200 to 500, it is considered minimum,
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meaning that the values accomplish the minimal exigencies, however further actions are necessary
to be done in order to does not hazard the future results. When the number is larger than 500 trees
per hectare, it is considered suitable, meaning that the expected results were successfully obtained

accordingly the time of restoration.

X
c;\\Q
S

Table 3. Ecological descriptors of plant biodivers @Variable of the amount of species in

each 100 m?, identical letters means non signi ference according to Kruskal Wallis test (P =
5%)
Variables Reference Abandonment Perch Transposition
Total number of identified species cons parcels of

30 29 7 8
each stand

Mean (left) and coefficient @!io right, in %) of the
15b,c 291  16c 258 5a 108 6ab 270

number of species m?2

Shannon Index 1.05 117 0.58 0.65
Percentag species according to seed Biotic 90 80 57 87
dispersion Abiotic 10 20 43 13

Pioneer 31 33 86 38
Percentage of tree species according to

Secondary 62 67 14 62
ecological group

Climax 7 0 0 0

Percentage of indigenous tree species 100 95 86 100
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Table 4. Jaccard’s similarit @ (J) tor all studied stands

Combination TxP T V X PxR PxA RxA RxTxA TxPxR TxPxA PxRxA PxRxTxA

Value of ] 0.09 0.06 0.17 0.63 0.02

0.02 0.06 0.04 0.02

Stands: A - aban ; P - perch; R - reference; T - transposition
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Table 5. Descriptive statistic for data of soil at

&
O
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nalyzed in the stands

25

Soil attribute Min  Ma otal range Median 1%t Quartile = 34 Quartile =~ Average CV (%)
Dry density (g/dm?) 0.85 091 1.26 1.12 1.32 1.23 15.2
Coarse (g/kg) .0 0. 30.0 30.0 175 40.0 28.0 54.5
Medium (g/kg) QE 0.0 30.0 250.0 240.0 262.5 253.0 59
Sand
Fine (g/kg) 0 680.0 80.0 650.0 637.5 657.5 645.0 51
Total (g/kg) @ 880.0 960.0 80.0 930.0 917.5 937.5 925.0 3.6
Silt (g/kg) 20.0 400 60.0 30.0 27.5 32.5 30.0 27.2
Clay (g/kg) 20.0 90.0 79.0 35.0 27.5 52.5 45.0 69.1
Soil Organic ghdm®) 110 33.0 22.0 18.0 15.0 21.5 18.8 29.9
pH 3.8 5.3 1.5 4.4 41 5.0 45 11.9
P (mg/dm?3) 4.0 8.0 4.0 5.5 4.0 7.0 5.8 26.4
Exchangeable K (mmolc/dm?) 0.7 2.5 1.8 1.5 0.9 1.8 14 40.0
Exchangeable Ca (mmolc/dm?) 3.0 16.0 13.0 7.0 5.0 10.0 7.9 47.0
Mg (mmolc/dm?3) 1.0 6.0 5.0 4.0 2.0 5.0 3.6 433
Na (mmolc/dm?) 0.0 0.3 0.3 0.1 0.0 0.1 0.1 87.0
AP (mmolc/dm?) 0.0 230 23.0 7.5 1.0 173 8.9 89.1
Saturation of aluminum (%) 0.0 750 75.0 37.7 55 68.0 37.2 77.9
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Total Exchangeable Bases (mmolc/dm?)
CEC (mmolc/dm?)

Base Saturation (%)

48

26.5

10.9

229

69.1

60.7

18.1

42.6

49.8

12.0

38.9

31.9

26

8.7 17.3 12.9 41.2
347 55.2 440 28.6
151 51.0 33.3 55.4

Table 6. Mean and coefficient of variation (CV, in %) for_thi

different sites. For dry density, N=12, for granulometr

X
c;\\Q
S

oil¥attributes according to the

for'all other attributes, N=5 in each

site. For each variable, same letter among the treatments ns no significant relation according to
Kruskal Wallis test (P=5%)
Abandonment Perch Transposition
Soil attributes
Mean Ccv Mean Cv Mean Ccv

Coarse (g/kg) 10.0 - 40.0 - 20.0 -

Medium (g/k 240.0 -- 270.0 - 240.0 -- 260.0 -
Sand

Fine ( 650.0 -- 680.0 -- 600.0 -- 650.0 -

Total(g/kg) 930.0 -- 960.0 -- 880.0 -- 930.0 --
Silt (g/kg 40.0 - 20.0 - 30.0 -- 30.0 --
Clay (g/kg 30.0 -- 20.0 -- 90.0 -- 40.0 --
Dry density (g7 cm?) 1.23a 11.3 1.24a 9.4 1.23a 19.7 1.20a 20.3
Soil Organic Matter (g/dm?) 22.0a,b 27.6 14.0a 14.3 16.4a,b 9.2 22.8b 26.9
pH 3.9a 3.8 4.9b 5.5 4.1ab 3.0 5.0b 4.6
P (mg/dmd) 64a 284 56a 324 48a 174 62a  21.0
Exchangeable K (mmolc/dm?3) 1.0a 28.5 1.5a 27.0 1.1a 514 1.8a 34.0
Exchangeable Ca (mmolc/dm?) 4.8a 30.9 11.2b 32.4 5.4a,b 24.8 10.2a,b 28.1
Mg (mmolc/dm?) l6a 342 46b 248 3.6ab 317 44b 259
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Na (mmolc/dmd) 0la 639 0la 913 0.1a 0.0 0.0a 223.6
AP (mmolc/dm?) 154b 237 l4a 814 16.4b 324 22ab 813
Saturation of aluminum (%) 67.0b 12.7 8.5a 93.3 60.5b 20.9 12.8a 91.8
Total Exch. Bases (mmolc/dm?3) 7.6a 304 17.4b 27.8 10.2a,b 23.8 16.4b 23.6
C.E.C. (mmolc/dmd) 570b  19.6 324a 153 51.8a,b 11.3 34.8a 7.3
Saturation of Bases (%) 13.3a 24.6 53.0b 14.0 20.1a,b 30.6 46.8b 19.1
Percentage of samples classified as

100 - 20 - 100 -- 40 --
dystrophic (Sat of Bas < 50%) \
Percentage of samples classified as

0 - 80 - 0 ¢ 60 —
eutrophic (Sat of Bas > 50%) \
Figure @

Figure. 1 Location of the studied s

Figure. 1 Farm ma \cation of the stands. Transposition (red), Perch (blue),

Abandonment (black)

22K zone, SAD69 Sgsterfi).

O

ce (orange). Below the images coordinates of the stands (UTM,

Figute 3. Dendrograms depicting the combination of the stands. In all figures, the values in

the vertical axis mean the percentage of dissimilarity. Upper: Floristic and phytosociology. Middle:

data of soils attributes. Bottom: Floristic and phytosociology and soil attributes. In all figures,

dashed lines is the limiting value to be considered significant or not (higher values are significant).
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Appendix I. List of species found in the studied area, their respectivg e al group and group
of syndrome of seed dispersion. Acronyms: stand where it wa A - abandonment, R -
reference, T - transposition, P - perches. Ecological groups: P r, NC - not classified, ES -

early secondary, LS - late secondary, C - climax. Agents o : A - abiotic, B - biotic. Or.
(origin): N - native, E - exotic.

Family Scientific denomination Ecgiglgli;al Agents of dispersal ~ Or.
Anacardiaceae  Tapirira guianensis Aubl. P B N
Annonaceae Guatteria australis A.St.-Hil. ES B N
Apocynaceae Tabernaemontana catharinensis A.DC. . . . P B N
Arecaceae Euterpe edulis Mart. . C B N
Arecaceae Syagrus romanzuffiana (C a . ES B N
Asteraceae Gochnatia polymorpha Le: K . . P A N
Asteraceae Vernonia diffusa less . P A N
Burseraceae Protium heptap, (AWlF) Marchand L ES B N
Cannabaceae Celtis flumi; augdta . LS B N
Celastraceae Muytem%oides Reissek . LS B N
Ebenaceae Djospyro stans Jacq. . ES B N
Euphorbia Al Qlandulosa Poepp. & Endl. . ES B N
Euphorbiace. Alchornea triplinervia (Spreng.) Miill. Arg. . ES B N
Euphorbiaceae\\ Croton floribundus Spreng. . A N
Fabaceae Machaerium hirtum (Vell.) Stellfeld . B N
Fabaceae Andira fraxinifolia Benth. . P B N
Fabaceae Dalbergia sp. . ES A N
Lacistemataceae Lacistema hasslerianum Chodat . C B N
Lauraceae Ocotea velutina (Nees) Rohwer . LS B N
Lauraceae Endlicheria paniculata (Spreng.) ].F.Macbr. . LS B N
Lauraceae Nectandra oppositifolia Nees . LS B N
Lecythidaceae Cariniana estrellensis (Raddi) Kuntze . P B N
Meliaceae Trichilia pallida Sw. e o ES B N



Myrtaceae Eucalyptus sp. . . P A E
Myrtaceae Eugenia florida DC. . . LS B N
Myrtaceae Eugenia francavilleana O.Berg o NC B N
Myrtaceae Muyrcia guianensis (Aubl.) DC. . NC B N
Myrtaceae Campomanesia guazumifolia (Cambess.) O.Berg ~ ® . P B N
Myrtaceae Myrceugenia sp. . SC B N
Myrtaceae Muyrcia hebepetala DC. . SC B N
Myrtaceae Muyrcia splendens (Sw.) DC. . SC B N
Myrtaceae Psidium guajava . P B N
Nyctaginaceae  Guapira hirsuta (Choisy) Lundell . LS B N
Peraceae Pera glabrata (Schott) Poepp. ex Baill. . ES N
Piperaceae Piper arboreum Aubl. LI NC N
Polygonaceae Triplaris americana L. . p ¢ N
Primulaceae Muyrsine coriacea (Sw.) R.Br. ex Roem. & Schult. . P \ N
Rubiaceae Randia calycina Cham. . LS B N

Appendix I. Continuation
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Family Scientific denomination Stand were it was found
A R T PEcologival group Agents of dispersal
Rubiaceae Palicourea marcgravii A.St.-Hil. . % LS B
P

Salicaceae Casearia sylvestris Sw. . . B

Sapindaceae Matayba elaeagnoides Radlk. . P B
Allophylus edulis (A.St.-Hil. et al.)

Sapindaceae Hieron. ex Niederl. . LS B

Sapindaceae Cupania vernalis Cambess. . P B

Siparunaceae  Siparuna guianensis Aubl. . . . ES B

Solanaceae Solanum sp. . P B

Thymelaeaceae Daphnopsis fasciculata (MeistrJpiNe . NC B
Non identified (dead) . .

Myrtaceae Myrcia guianensi, b . NC B

Rutaceae Citrus X limon sheck . P A

Sapindaceae . P B

Sapotaceae . LS

Siparunac . ES

Meliaceae jlia pallida Sw. . ES

Z Z Z Z Z Z Z Z

Z z zZ Z m™ Z
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