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ABSTRACT

The aim of this work was to study ecotechnologytHfermanagement of degraded areas originally cavéne the
Atlantic Rainforest and located at the coordinags931'50"S, 9°09'30"W. The area included 12 idtareach
consisting of six jute bags with 20 kg of substfatdtle manure and soil transposed from foresgfn@nts). In six
of these bags, native plants and seeds were atdoded. Six additional islands were selected ranigoim the
vicinity as the control. The process of evaluatisas monitored through the chemical and granuloresoil
analysis and surveys of survival, biometrics, ftic and phytosociological vegetation. An improvetria soil
properties was observed where the model was impierewhich could be attributed to the substratel ae-
vegetation. In the floristic and phytosociologisalidies, out of the 118 identified species, 65 wéserved in the
first floristic inventory and 86 in the second fkiic inventory with similarities between the sehfs of 27.69% and
11.36%, respectively. The influence of the substssed bank in the implemented islands was alserodxs.
Increased diversity was only significant in the awgas with the model. It was concluded that ththt®logy was
effective in accelerating the succession and prorgdhe beginning of the restoration.

Key words: restoration ecology, environmental degradatioit,rsanagement, revegetation

INTRODUCTION promote the return of the biological communities
to their original state (Jordan et al. 1998).

Since the beginning of the industrial andThe development of a restoration model is a
agricultural revolution, environmental degradationprocess of constant improvement and should
has exceeded the rate of ecological conservati@onsider the conditions of the region where it is
(Cairns Jr. 1998). Hence, quite often thedeployed (Leite et al. 1994), the implementation of
restoration of an ecosystem that has beeefficient soil management (Prober et al. 2005) and
degraded, damaged, altered or completelthe restoration of species and communities
destroyed as a direct or indirect result of huma@Palmer et al. 1997). The selection of the species
activity is required (Society for Ecological for re-vegetation employs the criteria based on
Restoration International Science and Policynatural occurrence, required light and humidity,
Working Group 2004). Ecological restoration isability to adapt to depleted soils and nitrogen
the process that promotes the recovery of afixation, presence of extensive root system and
ecosystem (International Society for Ecologicaproduction of edible fruits (Glufke 1999). The

Restoration 2004; Koehler 2005) in order tomonitoring of biological indicators is the key to
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understanding the evolution of the restoratiordescribed herein aimed to evaluate and implement
(Koehler 2005; Jacomel 2008). The analysis ofhe Revite® ecotechnology for the restoration of
floristic and dimensional structure of thedegraded areas, demonstrating that adjustments
vegetation indicates whether restoration isvere deemed necessary.

occurring or not (Araujo et al. 2008; Savio and

Maranho 2008).

The model implemented and evaluated in thiMATERIALS AND METHODS

study was based on the environmental technology

developed by Kesel, Koehler & AssociatesThe StUdy area, InItIaIIy degraded and eroded, was
(KEKO), called Revite®. This model has already located in S&o José dos Pinhais, Parana, Brazil
been used by these authors in the regions such @$°31'50"S, 49°09'30"W). There were fragments
Namibia (Koehler et al. 2006a) and Spam()f Atlantic Rainforest adjacent to this area.
(Koehler et al. 2004, 2006b). Reviteis described According to Képpen's classification, the climate
as ideal for ecological restoration of degradedvas classified as Cfb: mesothermal, humid and
areas, stabilization of areas exposed to erosidn aguper humid (IAPAR, 1994). The experimental
lost soil regeneration (Koehler et al. 2004; Koehlemodules were composed of islands approximately
2005; Koehler et al. 2006a). 1.8 m wide and 2.0 m long and were implemented

The basic model in this jute study was a bag madésing the Revitét model (Fig. 1A). Around this

of a biodegradable cloth, filled with substratearea, additional, untreated, islands of the same si
prepared with biotic and abiotic elements (Koehleivere also randomly selected and monitored as
et al. 2004). The bags protected the substrate af@introl. Three sample subareas were established:
promoted initial erosion control (Koehler et al.subarea 1, with 6 islands with implantation of
2006a) until, shortly after implantation, theVvegetation, called islands with vegetation (Fig.
vegetation created erosion barriers. The bags could); subarea 2, with 6 islands without the
be arranged linearly or in fertility islands, implantation of vegetation, called islands without

positioned to capture water in their particles snd Vegetation; and subarea 3, with 6 control islands.
disseminate their portions. In the long run, thdn subareas 1 and 2, each island was composed of
successional process is expected to propagaé jute bags filled with the substrate (Fig. 1A),
(Koehler et al. 2004). This model should bewhich was prepared with preserved cattle manure
efficient in all aspects of restoration of degraded@nd soil collected from the Atlantic Rainforest
areas. Furthermore, the use of sustainable and Idi@gments located near the experimental area at a
cost resources (Araujo et al. 2008) should fawor itratio of 1:1 (v/v). Twenty kilograms of substrate
applicability in future projects. The study Were placed in each bag (Figs. 1A and 1B).

Figure 1 — The experimental modules. A) Disposition of thiansls in the study area on the day of
implantation. B) Island view in the"2month after implantation of the bags showing
minimal signs of revegetation (arrows indicate kabanes).
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Each island with vegetation received the bag3he evaluation of the succession process was
containing the seedlings ofMimosa scabrella carried out through the assessment of the
Benth. (Fabaceae) and Sebastiania vegetation structure, which was estimated by the
commersoniana(Baill.) L.B.Sm. & R.J.Downs horizontal coverage of individuals of each species.
(Euphorbiaceae) provided by the Environmentalhe average degree of coverage for each species
Institute of Parana (IAP). The following specieswas determined using the scale proposed by
which represented the plants with pioneeBraun-Blanquet (1979) considering  five
ecophysiological traits collected in the surrougdin categories: coverage between 1 and 10% (average
areas were also sown in these islafissmodium degree of coverage of species i in plot k - gck,5%)
adscendens(Sw.) DC. (Fabaceae),Vernonia between 10 and 25% (gck 17.5%), between 25 and
nitidula Less., Aspilia  montevidensis(Spreng.) 50% (gck 37.5%), between 50 and 75% (gck
Kuntze andBellis sp. (Asteraceaefchizachyrium 62.5%), and between 75 and 100% (gck 87.5%).
condensaturNees (Poaceae). Two months aftelEstimates of the following phytosociological
the start of the studyAllophylus edulis(A. St.- parameters were determined: absolute frequency
Hil., A. Juss. & Cambess.) Hieron. ex Niederl.(AF = 100. pi/TP), relative frequency (RF = 100.
(Sapindaceae) seedlings were also planted in eadlfr/=AF); area of the species (ACZgck.ap/100);
island with vegetation. margin of species in the plot (CV = 100. CA/TA)
Soil and substrate samples for chemical andnd margin on the species (RC = 100. XX24).
granulometric analysis were collected at variou¥Vhere: pi = number of plots with the presence of
points (arranged in a zigzag pattern) at a depth apecies i; TP = total number of plots; ap = area of
0-20 cm throughout the study area prior to thehe plot; TA = total area sampled. The similarity
implementation (March 2008) and at end of théndex of Jaccard (Pielou 1975) was employed to
experiment (October 2008). Chemical analysigstimate the similarity between the subareas. The
was performed by the laboratory of the Soil andgpecies diversity was evaluated using the Shannon
Agricultural Engineering Department at theindex (H') (Magurran 1989). The Anderson-
Universidade Federal do Paranad. A routindarling test was used to assess the normalityeof th
composition analysis was performed in the soiata and Student's t-test was employed to
samples, including clay fraction and total nitrogendetermine whether the diversity of the subareas
following the method described by Pavan et alwas significant, with a significance level of 0.05.
(1992). The interpretation of the results wasStatistical analysis was performed using Statistica
performed according to Lima and Sirtoli (2003).for Windows® (Statsoft 2002).

The granulometric analysis was carried out

according to the Brazilian Standards (NBR) 6508

(Associacao Brasileira de Normas Técnicas 19848 ESULTS AND DISCUSSION

and 7181 (Associacdo Brasileira de Normas _

Técnicas 1984b). It was possible to observe the emergence of
The evaluation of the survival index (SI) angseedlings in all th(_a islands in_the first visit,eon
biometric index (BI), defined by the height andmonth after the implementation of the study.
perimeter of the plants at 15 cm from the grouno('Eermlnatlon and colonlzatlon'of the plants were
were performed monthly for the seedlingsNof o_bservepl throughout Fhe duration of the study._The
scabrella S. commersonianaand A. edulis highest index of _survwal of the ple_mted seedlings
Floristic and phytosociological surveys wereWas observed inS. commersoniana(100%),
conducted in June and October 2008. The materiigllowed by A. edulis(83.34%) andM. scabrella
was collected and herbarium specimens werg6.67%). From June to August 2008, the
prepared according to the appropriate techniqué€edlings of the three implemented species
(Fidalgo and Bononi 1989). Species identificatiornderwent growth (Table 1). This growth was
was performed based on available literature angloreé  pronounced immediately after the
comparison with the collection of the herbarium atMPlantation in June and October. The species of
the Botanical Museum in the city of Curitiba, statdh€ implemented seeds were suitable for the
of Parana, Brazil. The species names and théigcovery of degraded areas (Lorenzi 1998; Glufke
authors were confirmed by consultation to thel999; Reis and Kageyama 2003) in the locations

International Plant Names Index (IPNI). with unique coverage such as the Atantic
Rainforest, especially on the wet and marshy soils,
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as observed by Lorenzi (1998). Observegute bags and soil and seeds collected in the sarea’
variations in the survival index and growth rateown surroundings.

among species were probably due to climatidhe jute bags as well as the soil transposed from
conditions and characteristics of deciduous anthe forest fragments, preserved cattle manure and
semi-deciduous species (Lorenzi 1998). re-vegetation were essential factors for soail
Even during the heaviest rainfalls, the islandstabilization and containment of erosion, allowing
remained stable and maintained the vegetatiothe restoration of pioneer species, and therefore,
The jute bags, soil from forest fragments, manurdghe acceleration of ecological succession. Other
and re-vegetation were essential factors for so#xperiments using the Revifemodel highlighted
stabilization and erosion control, providing the rethe importance of these aspects in the context of
establishment of pioneer species. The ease ofstoration (Kesel et al. 1999; Koehler et al. 2004
applicability of this environmental technology andKoehler 2005; Jacomel and Maranho 2005;
its ability to adapt to each area and biome&oehler et al. 2006a; 2006b; Jacomel 2008).
characteristics was observed by the use of low cost

Table 1 —Height and perimeter of the seedlings of specigdanted during 2008, the latter measured at 15 cm

Species Parameters Evaluations

Ratings (average in cm) April/l08 May/08  June/08  October/08

Mimosa scabrelldenth. Height 30.00 35.00 38.00 75.00
Perimeter 1.10 1.00 1.20 2.40

Sebastianimommersoniana Height 35.50 36.50 37.75 40.00
Perimeter 1.00 1.00 1.17 1.12

Allophylus edulis Height - 31.20 28.80 29.20
Perimeter - 0.98 1.24 1.06

from the ground level.

The presence of the model in the islands and tHeeinw. ex de Vriese and Poaceae 1, with coverage
arrangement of the bags proved to be suitable faf 11.54% each.

the study area, although other authors (Koehler €n the second survey, in October 2008, 86 species
al. 2004; 2006a) suggested that the bags could bere found, 70 of which belonged to 55 genera
accommodated in different ways such as in distributed in 18 families, and 16 were not
linear or circular fashion. Reis et al. (2007) fdun identified (Table 2). The Asteraceae was dominant
that the arrangement of the islands allowed ththen, with 21 species, accounting for 24.42% of
formation of a center of diversity and thethe total, followed by Poaceae (8), Fabaceae (7)
occurrence of natural regeneration in the rest cind Rubiaceae (4). In subarea 1, the most
the area following the characteristic successiorepresentative species weit. capillaris (L.)
stages. Kunth ex C.B.Clarke andB.decurrengVell.)
During the study, 118 species were grown in thStellf. with coverage of 26.19% each. The widest
three subareas. In the first floristic surveycoverage in subarea 2, with 19.9%, was also by the
conducted in June 2008, there were 65 species, SPeciesB. capillaris (L.) Kunth ex C.B.Clarke. In

of which belonged to 42 genera, distributed in 1&ubarea 3S. angustifoliumReinw. ex de Vriese
families, and 15 were not identified (Table 2). Thewas the most representative species, with a
Asteraceae  family presented the  mostoverage of 57.89%.

representative flora with 20 species, about 31% dfhe floristic and phytosociological surveys were
the total, followed by Poaceae (8), Fabaceae (4ssential for the analysis of species diversity in
and Solanaceae (3). In subarea 1, the moshch area and also to assess the potential of the
representative species wasllbostylis capillaris environmental technology used in accelerating the
(L.) Kunth ex C.B.Clarke with a coverage ofsuccession process. Many authors emphasize the
22.86%. This species also had the greatesnportance of these surveys for the restoration of
coverage in subarea 2 (23.53%). In subarea 3, tlhegraded areas (Moore et al. 1970; Wikum and
most representative species w&eangustifolium Shanholtz 1978; Lamb 1998).
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Table 2 - Floristic composition and phytosociological sturetin the three subareas (subarea 1, with imglanta
of vegetation; subarea 2, without implantation oégetation; and subarea 3, control) during 2008.
RC: relative coverage; AC: average coverage.

Subarea 1 Subarea : Subarea !

Species June October June October June October

RC AC RC AC RC AC RC AC RC AC RC AC
Achyrocline satureioide(Lam.) 0.0C 0.0C - - 0.0C 0.0C 0.0C 0.0 - - 0.0C o.0c
DC.
Aeschynomene falca(Poir.) - - - - - - - - - - 0.0C o.0c
DC.
Allophylus eduli (A. St-Hil., 0.0C 0.0C 0.0C o0.0C - - - - - - - -
A. Juss. & Cambess.) Hieron.
ex Niederl
Andropogon leucostachy - - 4.7¢ 5.0C - - - - - - 0.0C o.0C
Kunth
Aspilia montevidensi(Spreng., 0.0C 0.0C 0.0C 0.0C - - 3.51 5.0 0.0C 0.0C 10.5¢ 5.0C
Kuntze

Axonopus compress (Sw.) P. 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 351 5.0C o0.0C o.0C - -
Beauv.

Bacchari¢ vulneraric Bake! 0.0C 5.0C - - 19.61 17.5C - - - - - -
Baccharisaxillaris DC. - - - - - - - - 0.0C 0.0C - -
Baccharis caprariifolic DC. - - - - . .
Baccharis dracunculifoliDC. 0.0C 0.0C 0.0C 0.0C - - 0.0C 0.0c - - - -
Baccharis erioclad DC. - - - 0.6¢ - - - - 0.0C 0.0C 0.0C o0.0C
Bacchari: megapotamic - - 4.7¢ 5.0C - - - - - - - -
Spreng

Baccharis pauciflosculo:DC. 0.0C 0.0C - -
Baccharis schultziBake! - - 0.0C 0.0C - - - - - - - -
Baccharis semiserra DC. - - - -
Baccharis spicat Hieron - - 0.0C 0.0C - - -
Baccharis trimere(Less.) DC 0.0 0.0C 0.0C 0.0C 0.0C 0.0C 7.0z 5.0 0.0 0.0C 0.0C 5.0C
Baccharis uncinell DC. 0.0C 0.0C 0.0C o0.0C - - - -
Bacchari:decurren (Vell.) 17.1¢ 17.5(C 26.1¢ 37.5C 0.0C 5.0C 10.5¢ 5.0 0.0C 0.0C 10.5:¢ 5.0C
Stellf.

Bulbostylis capillari: (L.) 22.8¢ 17.5( 26.1¢ 17.5C 23.5: 17.5( 19.3C 17.5C 3.8¢8 5.0C 10.5¢ 5.0C
Kunth ex C.B.Clarke

Calamagrosti viridiflavescen - - 0.0C 0.0C - - - - - - - -
Steud.

Campovassour cruciate - - 0.0C 0.0C - - - - - - - -
(Vell.) R.M.King & H.Rob

Chromolaen ascender (Sch.E - - 0.0C 0.0C - - - - - - - -
ip. ex Baker) R.M.King &

H.Rob

Commelinaceae 1 0.0C 5.0 0.0C 0.0C 0.0C 5.0C 0.0C o0.0C - - 0.0C 0.0c
Conyzi bonariensi (L.) 0.0C 0.0C 0.0C o0.0C 0.0C o0.0C - - - - - -
Cronquis

Coronopu didymu: (L.) Sm 0.0C o0.0C - - 0.0C o0.0C - - - - - -
Crotalaria hilariana Benth - - 0.0C 0.0 - - - - - - - -
Crotor pallidus Mull.Arg.. - - 0.0C 0.0 - - 0.0C 0.0C - - - -
Cyperu: surinamensi Rottb - - 0.0C 0.0C - - 0.0C 0.0C - - - -
Desmodiunsp 0.0C 0.0C 4.7¢ 5.0 0.0 5.0C 351 5.0C 0.0 0.0C 0.0C o0.0C
Dichondra microcalyx(Hallier 0.0C 0.0C - - 0.0C 0.0C - - - - - -
f.) Fabris

Disynaphia Igulifolia (Hook. & 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0 5.0C 0.0C o0.0C
Arn.) R.M. King & H. Rob.

Eragrostis ciliaris Kunth - - 0.0C 0.0C - - 0.0C 0.0C - - - -
Eriosemi crinitum Benth - - 0.0C 0.0C - - - -

Erythroxylum deciduurA.St- - - - -

Hil.

Fabaceae ! - - 0.0C 5.0C - - - - 0.0C o0.0C - -
Fabaceae : - - - - -

Facelis retus (Lam.) Sch.Big - - 0.0C 0.0C - - - - - - - -
Fimbristylis autumnaligWwilld.) 0.0C 0.0C - -

Roem. & Schult.
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(Cont. Table 2)

Subarea ! Subarea2 Subarea3

Species June October June October June October

RC AC RC AC RC AC RC AC RC AC RC AC
Galiurr hypocarpiur (L.) - - 0.0C 0.0C - - 0.0 o0.0c - - - -
Fosber:
Gnaphalium purpureu L. 0.0C 0.0C 0.0C 0.0C 0.0 0.0 0.0c 5.0C 0.0 0.0C - -
Gnaphalium spicatu Lam. 0.0C 0.0c - - - - - - - - - -
Hybanthu parviflorus (L.f.) - - 0.0C 0.0C o0.0C o0.0C 0.0C o0.0C - - - -
Baill.
Hvpochaeri brasiliensis (Less. 0.0C 0.0C - - 0.0C 0.0C - - 0.0C 0.0C - -
Benth. & Hook.f. ex Grise
Hypochaeris radicat L. - - - - - - 0.0C 0.0C - - 0.0C o.0C
Ipomoei indivise Hallier f. 5.71 5.0C - - 11.7¢ 5.0C - - - - 0.0C o.0C
Juncu: micranthu: Desv 0.0C 0.0C 0.0 0.0C 0.0C 0.0C 0.0C o0.0C - - - -
Juncus microcephal Kunth - - 0.0C 0.0C - - - - - - - -
Lactuca scariol: L. - - 0.0C 0.0C - - 0.0C 0.0C - - - -
Lolium multiflorun Lam. 5.71 5.0 4.7¢ 5.0 0.0C 5.0C 7.0z 5.0C 0.0 o.0C - -
Lycopodiell: caroliniane (L.) - - - - - - - - 0.0C 0.0C - -
Pic.Sermr
Mikania micranthi Kunth - - 0.0C 5.0C - - 7.0z 5.0C - - - -
Mimosa daleoideBenth. - - 0.0C 0.0C - - - - - - - -
Mimosa scabrell Benth. 0.0C 0.0C 0.0C o0.0c - - - - - - - -
Mitracarpus hirtus (Sw.) DC - - - - - - 0.0 o0.0c - - - -
Noticastrum calvatur(Baker) 0.0C 0.0C - - 0.0C o00C - - 0.0C 0.0C - -
Cuatrec
Panicum helobiui Mez ex - - 47¢ 50C - - 10.5¢ 5.0C - - 0.0C 0.0C
Henrarc
Panicum reper L. 0.0C 0.0C o0.0C 0.0C - - - - - - 0.0C 0.0C
Panicun sp.1? - - 0.0C 0.0C - - 0.0C 0.0C - - - -
Panicun sp.2* 0.0C 0.0C - - 0.0C 0.0C - - 11.5¢ 5.0C - -
Paspalum urville Steud. 0.0C 0.0C 4.7¢ 5.0C 0.0 0.0 0.0C 5.0C o0.0C 0.0 - -
Paronvchi: camphorosmoidt - - 0.0C 0.0C 0.0C 0.0C 3.51 5.0C - - - -
Cambes:
Paronychia commun - - - - 0.0C 0.0C - - - - - -
Cambes:
Petunie regnellii R.E.Fr 0.0C 5.0C - - 0.0C 5.0C - - - - - -
Petunie sp.* - - 4.7¢ 5.0C - - 7.0z 5.0C - - - -
Plantago guilleminian Decne. - - 0.0C 0.0C - - - - - - - -
Polygala pulchellzA.St-Hil. - - 0.0C 0.0C - - - - - - 0.0C o.0C
Polygonum avicular L. - - 0.0C 0.0C - - 0.0 5.0C - - - -
Richardia brasiliensiGome: - - 0.0C 0.0C - - - - - - - -
Richardia humistrat Steud. 0.0C 0.0C

Saccharur anqustifoliunReir 0.0 5.0 9.5z 5.0C 0.0 5.0 3.51 5.0 11.5¢ 5.0 57.8¢ 17.5(
w. ex de Vries

ﬁchizachyriumcondensatl 0.0C 0.0C o0.0C 0.0C 0.0Cc 0.0 0.0C 0.0C 3.828 5.0C 10.5: 5.0C
ees

Sebastiani commersoniar (B 0.0C 0.0 0.0C 0.0C - - - - - - - -
aill.) L.B.Sm. & R.J.Down

Senecio brasiliens Less 0.0C 0.0C 0.0C o0.0C - - - - - - - -
Sisyrinchium micranthu Cav - - 0.0C 0.0C - - 0.0 o.0c - - 0.0 o.0C
Sisyrinchium vaginatu Sprenc - - 0.0C 0.0C - - 3.51 5.0C - - - -
Solanum americanuMill. - - - - 0.0C 0.0C 0.0C o0.0C - - - -
Solanur sisymbriifoliun Lam. - - - - 0.0C 0.0C 0.0C 5.0 - - - -
Solidago chilens Meyer 0.0C 0.0C 0.0C 0.0 0.0C 0.0C 0.0C 0.0C 0.0 0.0C 0.0C o0.0C
Sonchus asp (L.) Hill 0.0C 0.0C 0.0C 0.0 0.0C 0.0C 0.0C o0.0C - - - -
Sonchus olerace L. 0.0C 0.0C - - 0.0C 0.0C - - - - 0.0C 0.0C
sp. 1* 5.71 5.0C 0.0C 0.0 0.0C o0.0c - - - - - -
sp. 2* - - - - - - - - 0.0C o0.0C - -
sp. 3’ 0.0C 0.0C - - 0.0C 0.0C - - - - - -
sp. 4° - - - - 0.0C 0.0C - - - - - -
sp. 5’ - - - - 0.0C 0.0C - - - - - -
sp. 6’ 0.0C 0.0c - - 0.0C 0.0C - - - - - -
sp. 7’ - - - - 0.0C 0.0C - - - - - -
sp. 8’ - - - - 0.0C 0.0C - - - - - -
(Cont. ...)
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(Cont. Table 2)

Subarea Subarea? Subarea3
Species June October June October June October
RC AC RC AC RC AC RC AC RC AC RC AC
Sg. 9* 0.0C 0.0C - - - - - - - - - -
sp. L( 0.0C 0.0 - - - - -
sp. 11’ 0.0C 0.0C - - 0.0C 0.0 -
sp. 12’ - - - - 0.0C 0.0C - -
sp. 13 0.0C 0.0 - - - - - 0.0C o0.0C
sp. 14’ - - - - 0.0C 0.0C
sp. 15’ - - - - - - - - 0.0C 0.0C
sp. 16’ - - 4.7¢ 5.0C - - 10.5¢ 5.0C
sp. 17’ - - 0.0C 0.0 - - - -
sp. 18’ - - 0.0C 0.0 - - -
sp. 19’ - - 0.0C 0.0C - - -
sp. 20° - - 0.0C 0.0 - - -
sp. 21’ - - 0.0C 0.0 - - - -
sp. 22 - - - - - - 0.0C 0.0C
sp. 23’ - - - - - - 0.0C 0.0c
sp. 24’ - - - - - - 0.0C 0.0c
sp. 25’ - - - - - - 0.0C 0.0c
sp. 26° - - - - - - 0.0C 0.0c
sp. 27 - - - - - - 0.0C 0.0c
sp. 28’ - - - - - - 0.0C 0.0c
Stipasp.* - - 0.0C 0.0 - - - -
Taraxacum officinal 0.0C 0.0c - - - - -
F.H.Wigg
Trifolium repensL. - - - - 0.0C 0.0C -
Veronica arvens L. - - 0.0C 0.0C
Vernonia nitidul: Less - - 0.0C 0.0C - - 0.0C 0.0c
Veronica persic Poir. 0.0C 0.0c - - 0.0C 0.0C - - - - - -
No specie 37.1¢ 37.5C 0.0C - 4.7z 33.37 1.88 0.0C 7.5¢ 80.7( 7.3z 62.5(
Total 10C 107.F 10C 147 10C 107.F 10C 12C 10C 107.F 10C 10t

The biggest floristic representativeness of theseed banks transposition in forest restoration
Asteraceae and Poaceae was also observed in firejects demonstrated to be a viable alternative to
studies of seed banks of the forest fragmentsdn tistimulate forest succession in degraded areas.
state of S8o Paulo (Baider et al. 2001) and in thdowever, Baider et al. (2001) suggested that the
application of the Revitécmodel in the degraded seed bank alone was not sufficient for restoration,
pastures in the state of Parana, Brazil (Jacom@idicating that it was necessary that the seeds wer
2008). Bulbostylis capillaris (L.) Kunth ex derived from other sources, since frequently the
C.B.Clarke was the most prevalent in the subaredmnk did not store in the soil seeds of medium and
where the model was implemented, possiblyarge woody species, which were tolerant to the
because of the seed bank. There was higthade. In this context, the importance of planting
germination of this species in the soil collected i seeds and seedlings of species characteristieof th
forest fragments that was deposited near the stugyrrounding forest fragments was evident.

area. This species was identified in a floristicThe Shannon index (H') revealed that the highest
survey carried out in the urban area of Curitibaspecies diversity was observed in October/2008 in
PR and reported as an Atlantic Rainforest nativ€ubarea 1 (1.76 nats/ind.) and Subarea 2 (1.66
(Biondi and Pedrosa-Macedo 2008). According tamats/ind.). In the control area (Subarea 3), the
Viani and Rodrigues (2009) and Mackenzie an&hannon index (H) was 1.37 nats/ind. in
Naeth (2010), salvaged soils could harbo©October/2008. A higher diversity of species was
appropriate plant species to develop diversebserved in the area where the model was
ecosystems. Baider et al. (2001), Reis et al. (ROOTmplemented with vegetation (Fig. 2). Significant
and Schorn et al. (2010) reported that the sedtlfferences were observed in the Shannon indices
bank allowed recolonization with the seeds angH") for the subareas 1 and 2 between the first
other propagules of pioneer plant species. (June 2008) and the second assessment (Oct.
Rodrigues et al. (2010) observed that the use of 2008).
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Figure 2 - Shannon index of diversity in the three studietasaas; * p<0.05 denotes significant
difference at 5% between Jun/2008 and Oct/2008.

Comparison of the physical and chemicalaltered with the implementation of the model. The
properties of the soil before and after thepH tended to increase in the subareas where the
implementation of the restoration model andmodel was implemented, particularly with
between subareas showed improvement ofegetation. The same was observed for saturation
chemical and textural properties. The chemicalV%), amount of phosphorus and organic C.

nature of the soil and substrate (SB) (Table 3) was

Table 3 - Composition of substrate, degraded soil and soihfthree subareas (subarea 1, with implantation of
vegetation; subarea 2, without implantation of vatien; and subarea 3, control).

pH Al H'+AI” Ca®® Mg® K+ T P C m Clay N total
Soil* CaC, cmolc.dn” mg.dn® g.dn® % g.kg” g.kg”
SB 42C 59C 16.3C 13.0C 4.5C 0.4C 34.2C 10.1C 7.5C 25.0C 400.0( 2.0C
DS VL H - VH VH H VH H B - - -
Al 5.4C 0.0C 4.6C 46C 3.1C 1.11 1851 2625 52.2( 0.0C 475.0( 3.5(C
L VL - H VH VH VH VH VH - -

A2 47C 0.7C 7.2C 7.2C 2.6C 2.6C 19.08 175.00 34.7(C 6.0C 475.0( 3.3(C
VL M - VH VH VH VH VH VH - -
A3 42C 3.8 12.1C 122 3.3C 3.3C 30.8¢ 10.4C 12.4C 17.0C 425.0( 1.3C
VL H - VH VH VH VH H M - - -
*SB = substrate; DS = degraded soil; Al = soil sahdr; A2 = soil subarea 2; A3 = soil subarea 3a#erpreted according to
Lima and Sirtoli (2003). Where: VL = very low; Llsw; M = medium; H = high; VH = very high.

The soil pH, which varied between 5.0 and 7.0 imesulting in decreased absorption of water and
the study area where the vegetation wasutrients. A high content of aluminum (m%) and
implemented, provided a higher range ofion exchange capacity (T) were observed in the
phosphorus availability (P) for the plants. The pHDS and A3. The highest content of total N was
values observed in the same area prior to thebserved in the substrate, followed by A1 and A2.
deployment (DS) made this compound remaiThe proportion of clay increased after
insoluble (Raij 1991). Moreover, at such low pHimplantation, being similar in A1 and A2.

values, most of the aluminum was soluble andable 4 shows the granulometry results, with the
could cause extreme nutrient deficiency or toxicityhighest percentages of fine sand, silt and clay
to the plants (Delhaize and Ryan 1995; Kochiaiimaterial passing the 2.00 mm sieve) observed in
1995). The aluminum excess in the soil preventthe substrate and in the soil where the model was
the development of the root system (Ryan et ahpplied. While in subarea 3, the amount of
1993; Delhaize and Ryan 1995; Kochian 1995)material passing the 0.075 mm sieve was 26.51%,
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this value reached 65.41% for the substrate arithe application of preserved cattle manure
51.09% for the soil from subarea 2. The highestontributed to the improvement of the soil’s

percentage of medium sand (0.25-0.5 mm) washemical conditions and the results corroborated
also observed in SB, Al and A2. The soil collectethe studies that evaluated the aspects of
before the implementation (degraded soil — DSjertilization (Ceretta et al. 2003; Favaretto et al

showed 11.68% for the equivalent paramete2003). Experiments with the use of cattle manure
(material passing the 0.075 mm sieve), while thehowed changes in the levels of C, Mg, K and P
substrate and soil A1 had values above 21%. TH&avaretto et al. 2003).

largest proportion of coarse sand and gravel (0.5-

2.0 mm) was observed in soil A3.

Table 4 -Granulometric composition of the degraded soil smitifrom three subareas (subarea 1, with imptanta
of vegetation; subarea 2, without implantation efetation; and subarea 3, control).
Screening Sieve Passing mass (%) Accumulated Mass (%)
(mm) N° DS SB Al A2 A3 DS SB Al A2 A3
4800 4 089 192 184 1.14 496 99.11 98.08 98.16 98.86 95.04

(7?;1':;*1[' 2000 10 2.37 395 488 342 7.34 97.63 96.05 9512 9658 92.66
oOM>D 1200 16 379 482 547 562 570 9621 9518 94.53 94.38 94.30
0600 30 861 14.1716.17 1450 11.98 91.39 8583 83.83 8550 88.02
0420 40 11682141 21.17 1842 1424 8832 7859 78.83 8158 8576
(ZT(;*:T‘;LD 0250 60 17.4437.43 3694 3515 20.04 8256 6257 63.06 64.85 79.96
2O 0150 100 22.7252.27 4910 49.19 2554 77.28 47.73 5090 50.81 74.46

0.075 200 29.3365.41 50.41 51.09 26.51 70.67 3459 4959 4891 73.49
*Percentages of dry mass. DS = degraded soil; Sibstsate; Al = soil subarea 1; A2 = soil subarea®s soil subarea 3.

Studies on the application of swine manurellow the adaptation of this technology to any
showed an increase in organic C, total N, P, Mfpiome. The application of the model could be
and Ca and a decrease of Al and K (Ceretta et akcommended in restoration projects since it
2003). Another important factor in the edaphicdemonstrated to be sustainable and efficient.
changes was the re-vegetation since the soil in the

area where the vegetation was implemented
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