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Canopy cover and invasive grasses effects in distinct
ecological restoration technologies: 5-y monitoring in
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Cobertura de dossel e gramineas invasoras em diferentes tecnologias
de restauracao: monitoramento de 5 anos em uma floresta
subtropical no Brasil
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ABSTRACT
The establishment of canopy and the following elimination of invasive exotic grasses | Recebido em: 22 jun. 2017
are among the main barriers towards the restoration of subtropical forests. We compared Aceito em: 18 set. 2017

canopy initial cover and biological invasion by exotic grasses in different restoration
technologies, up to 5-y, in Parana State, southern Brazil. We tested three treatments in
four randomized blocks as follows: T1 — passive restoration; T2 — nucleation; and T3
— high diversity plantation. We sampled 117 points per plot (54 x 40 m). We registered
the presence or absence of invasive grasses cover and canopy cover percentage (using a
spherical crown densiometer). The high density of fast-growing trees plus dense crowns
was probably responsible for the highest shadowing and faster elimination of grasses in
the plantation, while nucleation and the passive restoration showed the lowest canopy
cover followed by the highest invasion by grasses. We recommend managers to use
plantations to make a fast covering, although with higher inputs, or use nucleation in
a long-term shadowing basis project.

Keywords: neotropical forests; nucleation; passive restoration; plantation.

RESUMO

O estabelecimento de dossel e a decorrente eliminagdo de gramineas exdticas invasoras
constituem algumas das principais barreiras para a restauragao de florestas neotropicais.
O objetivo deste estudo foi comparar a cobertura inicial de dossel e invasao bioldgica
por gramineas sob diferentes tecnologias de restauragdo, aos cinco anos de idade, no
sul do Brasil. A érea foi dividida em quatro blocos casualizados sob trés tratamentos:
tratamento T1 - restauracao passiva; tratamento T2 — nucleagao e tratamento T3 —
plantagao em linhas de preenchimento e diversidade. Foram avaliados 117 pontos por
parcela (54 x 40 m), em que foram registradas a porcentagem de cobertura de gramineas
invasoras (presenca ou auséncia) e a cobertura de dossel (por meio de densitoémetro tipo
espelho convexo). A alta densidade de arvores de rapido crescimento e a copa densa da
plantagao em linhas provavelmente foram responsaveis por seu maior sombreamento
e eliminagdo mais rapida de gramineas, ficando a nucleagao e a restauragao passiva
com menor cobertura de dossel, e consequentemente maior invasdo por gramineas.
Recomenda-se aos restauradores o uso de plantagoes em linhas para fins de rapido
recobrimento mas com altos insumos, ou optar pela nucleagdo num projeto de longo
prazo para sombreamento.

Palavras-chave: floresta neotropical; linhas de preenchimento e diversidade; nucleagao;
restauragao passiva.
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INTRODUCTION

Canopy cover can be used as an indicator of the forest structural restoration since it controls
the amount, quality, and distribution of light by conditioning the forest internal microhabitat, interfering
with growth and survival of seedlings, and determining the composition of the understory community
(LAMB et al., 1997; GANDOLFI et al., 2007; VIANI et al., 2010).

A closed canopy influences the temperature and the relative humidity of air and soil. These
parameters may determine recruitment of species and dynamic of regeneration in the forest understory.

The fast canopy cover formation may control invasive exotic grass dominance; however, the
commitment of the continuity of formed canopy during the restoration process in places where
invasive exotic grasses were historically found can also jeopardize the development of regenerating
native individuals, such as native shrub and tree species (HOLL, 2007, 2012). Since the closed
canopy will act as a filter for the species which attempts to regenerate under it, each canopy species
can determine the structure and composition of the understory plant community (BUGMANN, 2001;
PETERS et al., 2004; GANDOLFI et al., 2007).

Invasive exotic grasses have come over time, spreading gradually through native areas and
threatening ecosystems and local biodiversity in Brazilian Neotropical forests. African grasses have
adapted to subtropical conditions and dominate the natural open formations as degraded areas,
altering original structure and reducing native species populations. They have a high capacity of
vegetative reproduction, forming dense layers of leaves, which may decrease by up to 99% the arrival
of light on the ground, hence impeding the germination and recruitment process of native bank seeds
(HUGUES & VITOUSEK, 1993; PETERSON & CARSON, 2008; LETCHER & CHAZSON, 2009; PUTZ &
REDFORD, 2010; HOLL, 2012).

Exotic grasses invasion can cause several changes in the composition, structure and functioning
of natural ecosystems. Some studies have shown that, considering a community scale, one of the
effects caused by invasive grasses is the reduction of native plants diversity, especially by the space
occupation (DAVIES & SVEJCAR, 2008; FERREIRA & FELIPPI, 2013; SILVA et al., 2014). A study
conducted by Flory & Chay (2010) had assessed the impact of the presence of invasive exotic
grasses (Microstegium vimineum (Trin) A. Camus) in an ecological restoration area and reported that
in plots with invasive grass, the reduction of native species biomass was 46%, 64% and 58% in three
cycles of growth, respectively. These plots with invasive exotic grasses were with 43% lower richness
and 38% lower diversity.

According to Holl et al. (2000), the absence of canopy closure and the consequent threat of
invasion by exotic grasses have been pointed out as a major barrier to the restoration of tropical
forests. The invasion of grasses is a key problem for subtropical forest restoration, especially in the
first 3-5 years, when the shadowing is still low, thus allowing the recruitment and development of
grasses.

The fast formation of canopy closure and coverage has been considered the main responsible
one for the elimination of invasive exotic grasses in ecological restoration projects (RODRIGUES et
al., 2009; MELO & DURIGAN, 2010; RODRIGUES et al., 2011).

This study aimed to compare the canopy closure and coverage of invasive exotic grasses under
different ecological restoration treatments in the early stages of recovering.

MATERIAL AND METHODS

STUDY AREA

This study was conducted at the farm of the Federal University of Technology - Parana, municipality
of Dois Vizinhos, Southern Brazil, located between the coordinates 25°41'44” — 25°41’49” S and
53°06'23” - 53°06’07"” W in a subtropical forest; region of Araucaria forest with influence of seasonal
semidecidual forest. The region is located on Guarapuava plateau, with an altitude of 495-504 m.
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The soil is a Typic Hapludox (Oxisol). The climate is classified as mesothermal humid subtropical
(Cfa), according to Koppen classification (ALVARES et al., 2013). The study area had been used over
decades with annual crops and pastures (Cynodon nlemfuensis Vanderyst, Panicum maximum Jacq.
and Urochloa decumbens (Stapf) RD Webster).

The area was all mowed by tractor and then divided into four blocks where three treatments
were implemented (in December 2010) in 40 x 54 m plots (spaced about 13 m apart), totalling 0.9
ha per treatment.

Treatment T1 was passive restoration (control: no intervention).

Treatment T2 — nucleation techniques (REIS et al., 2010), where six 3 x 40 m strips occupied
1/3 of the total plot area and filled by: 6 artificial shelters, 2 artificial perches, 6 topsoil seedlings
nuclei of 1 m2, 6 seed rain seedlings nuclei of 1 m2, 12 pigeon beans (Cajanus cajan (L.) Huth,
Fabaceae) nuclei of 12 m2, 6 bromeliads (Bromelia antiacantha Bertol.) nuclei of 5 seedlings, and 24
native tree islets of 5 seedlings (totalling 4 seedlings of 12 pioneer shade tree species on the sides
and 1 seedling of 24 non-pioneer in the centre.

Treatment T3 — high diversity tree plantation (sensu RODRIGUES et al., 2009; RODRIGUES et al.,
2011) using lines of 10 shade tree species (named “filling species”) alternated with 60 non-pioneer
(named “diversity species”), in a 3 x 2 m spacing (figure 1).
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Figure 1 — Experimental area at the Federal University of Technology, campus Dois Vizinhos (PR —Brazil). PR:
passive restoration; NC: nucleation; HP: high diversity tree plantation.

Silviculture procedures were performed every six months up to the third year, totalling six
interventions (except for the passive restoration). Nucleation treatment received mowing followed by
chemical weeding (glyphosate) only within the nucleation strips (1/3 area); while the plantation was
mowed followed by chemical weeding (glyphosate) in its total area. All seedlings were fertilized (except
for passive restoration) and leaf-cutting ants were controlled by 10 g formicide baits (Sulfluramid
0,05%, Fipronil 0,03%) each 5 m, across the entire 7.2 ha experimental area.

DATA COLLECTING
For the evaluation of grass invasion, we marked systematically 117 points in each plot, every 5

x 4.5 m. In each point, we recorded the presence or absence of invasive exotic grasses by touching
a topographic pole positioned at the ground level. To measure crown cover, a spherical crown
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densiometer (24 squares) was positioned 1.30 m above the ground and the same 117 grasses
measurements points were taken, recording canopy coverage percentage data.

The results of 5-y monitoring of canopy coverage and grass invasion were submitted to analysis
of variance by the statistical software R. The data was compared by Tukey test at 5% level.

RESULTS AND DISCUSSION

The results about exotic grasses cover indicate no statistical difference between the treatments
of passive restoration and nucleation in all sampling periods. However, plantation presented,
statistically, lower invasion levels from others since 19" to 60" month when there were just 17.40%
of grasses (table 1). Comparing the same treatment at different periods, we observed that in both
passive and nucleation there was no statistical difference, indicating that these restoration treatments
were still not effective in a 5-y basis. On the contrary, plantation gradually decreased grasses invasion
in the area since the 19" month and over time.

The invasion of exotic grasses was relatively high (58-63%) in all restoration treatments since
the beginning of the experiment. Nevertheless, the highest total average of grasses cover was found
in passive restoration (63.35%) and in nucleation (62.58%), followed by high diversity tree plantation
that presented the lowest average (38.55%).

Table 1 - Invasive exotic grasses cover in different technologies of ecological restoration. Averages followed by
the same letter do not differ by Tukey test at 5% level: capital letters compare values in horizontal and lowercase
letters compare values in vertical. Legend: w = winter; s = summer.

Age (months) Passive restoration (%) Nucleation (%) Plantation (%)
0 (s) 58.55a A 62.82aA 59.40a A
5 (w) 53.21aA 53.21aA 51.71ab A
19 (w) 67.52aA 70.94a A 26.28 cd B
36 (s) 69.44 a A 71.16 a A 44.87 abc B
48 (s) 72.01aA 62.18a A 31.63 bcd B
60 (s) 71.40a A 55.16a A 17.40d B
Mean 63.35 A 62.58 A 38.55 B
CV (%) 19.28

Considering the results of canopy cover between technologies, there was no significant difference
during and between data collecting periods. However, when the total averages were assessed,
plantation presented the highest canopy cover (66.20%) followed by nucleation (51.58%) and passive
restoration (45.66%) (table 2).

Table 2 — Canopy cover in different treatments of ecological restoration. Average of treatments with the same
letter do not differ among themselves by Tukey test at a significant level of 5%.

Age (months) Passive restoration (%) Nucleation (%) Plantation (%)

0 (s) 0 0 0

5 (w) 0 0 0

19 (w) 36.13 ns 39.23 ns 50.85 ns

36 (s) 36.41 ns 45.29 ns 54.03 ns

48 (s) 45.58 ns 46.70 ns 71.70 ns

60 (s) 64.54 ns 75.12 ns 88.22 ns
Mean 45.66 B 51.58 B 66.20 A

CV (%) 14.86

The passive restoration and nucleation treatments presented higher rates of biological invasion
by grasses and lower canopy cover. One of the factors for a lower invasion of grasses on plantation
is that this technology was mowed in its total area in the first three years of the experiment, unlike
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the passive restoration (no intervention) or nucleation which had been cleaned, only 1/3 of its area.
Furthermore, plantation technology includes a high density of trees (1,666.00 ha?), 50% of fast-
growing trees with dense canopy (“filling species”) that within the development and the intersection
of their crowns provide a continuous shading canopy, which probably inhibited the development of
exotic grasses. On the other hand, plantation requires more cleaning and planting inputs which can
make the restoration project economically unfeasible.

Plantation presented higher canopy cover and consequently lower levels of invasion by grasses
at 5y old communities. This fact was already expected since this system has more predictability
whereas it gets higher density of trees planted in total area, providing a canopy of larger volume and
continuity. On the other hand, a more long-term question is whether the understory formed by this
system will be open to the arrival of a new community through natural regeneration in an integrated
manner with the landscape.

If the restoration project predicts more time to succession development, nucleation may be an
intermediate and satisfactory solution. Well-done diagnoses should recommend a technology that is
more or less open to stochastic events as natural regeneration that can be either positive, catalyzing
the regeneration or negative, allowing the entry of invasive plants.

CONCLUSION

Plantation was more effective in eliminating invasive exotic grasses, even if it seems to be more
expensive due to higher levels of mowing inputs in the implementation and maintenance of a high
tree density. While there are no more long-term results on the effect of technologies established in
their understory along the secondary succession, it is recommended that the managers choose the
high diversity tree plantation when the aim is a fast covering and shading.
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