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ABSTRACT: Restoration models need to promote a short-term rehabilitation of ecological
functionalities, such as litterfall and nutrient contents in degraded areas. The present study aims to
evaluate litter decomposition and production of litter and nutrient in restoration models combining
different planting spaces (I mx 0.3 m; 2mx 1.0 m; I mx I m; 2 m x 1 m) and pioneer (P) and non-
pioneer (NP) proportions (40P-60NP; 60P-40NP; 20P-80NP). Litterfall collection took place in the
seventh year of planting, the leaf fraction was used for chemical analysis. The annual litterfall was
7953 kg ha!. It differed significantly only for plant spacing, the highest production occurred in the 1
x 0.3 m. There was only a significant increase for calcium content. The order of nutrient production
was N>Ca>K>Mg>S>P. Plant spacing showed high production of litter in the system. The
treatments by successional group did not influence the results, except for the calcium content. The
smallest spacing was more efficient in promoting the fast return of nutrient cycling functionalities at
the beginning of the restoration process.
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Introduction
The use of indicators of ecological functionality showed that many models of restoration
based on functional groups such as filling and diversity (Rodrigues et al., 2009) presented problems
in the above soil litter cover (Altivo e Pifia-Rodrigues, 2017). The litterfall is an environmental
indicator to evaluate and quantify decomposition rate and nutrient cycling, which are fundamental
for the formulation of new restoration proposals and decision-making guidance (Silva et al., 2018).
Based on the above, we aimed to analyze the litterfall and the contribution of nutrients in

different restoration models.

Material and methods

The study was carried out in the region of Itu, S3o Paulo. The regional vegetation
physiognomy is predominantly from the Atlantic Seasonal Semideciduous Forest (IBGE, 2012)
transitioning to Cerrado. The climate is classified as Cwa - dry winter and hot summer, with an

average annual precipitation of 1,299.6 mm and an average annual temperature of 21.3°C (Alvares et
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al., 2013). The experiment was installed in March 2012, using a partial factorial experimental design
with three randomized blocks and 10 treatments (Table 1), with 70 seedlings distributed in different

plant spacing and successional groups proportions.

Table 1. Description of restoration models for degraded areas and treatments implemented in the study area located in
Itu, Sdo Paulo, Brazil.

Models Plant spacing Proportion by successional group Treatments
40% of non-pioneer species and 60% of T1
Imx1m(l pioneers
Dense ) 60% of non-pioneer species and 40% of
m?/plant) . T2
pioneers
80% of non-pioneer species and 20% of T3
pioneers
40% of non-pioneer species and 60% of T4
2mxim( pioneers
Semi-densified N 60% of non-pioneer species and 40% of
m?/plant) . T5
pioneers
80% of non-pioneer species and 20% of T6
pioneers
40% of non-pioneer species and 60% of T7
pioneers
High Dense Imx03m 60% of non-pioneer species and 40% of T8
8 0,3 m?/plant ioneers
p P
80% of non-pioneer species and 20% of T9
pioneers
. 3mx2m(6 40% of non-pioneer species and 60% of
Conventional m?/plant) pioneers T10

The litterfall was sampled bimonthly in 2019. We used conic collectors arranged transversally
and equidistantly at a height of 1.20 m above soil, with an area equivalent to 0.33 m?. The sampled
material was classified into leaves, branches and reproductive material fractions. The plant material
was placed in an oven at 65°C for 24 hours (Scoriza et al., 2012) and then weighted. The total litterfall
production was estimated from the equation adapted from Lopes et al. (2002):

Yps X10.000
C— )

Equation 1: PAS =
Where: PAS is the average annual litterfall (kg ha™! year); PS is the average monthly litterfall
production (kg ha™! month); and AC is the area of the collector (m>).

The leaf fraction of the litterfall was used for nutrient analysis. The nutrient contents were
determined by the Kjeldahl method for nitrogen (N), colorimetry for phosphorus (P), barium sulfate
turbidimetry for sulfur (S) and atomic absorption spectrophotometer, after nitric-perchloric digestion
as proposed by Malavolta et al. (1989) for potassium (K), calcium (Ca), magnesium (Mg). The
amount of nutrient contained in the litter was calculated according to the equation described by

Scoriza et al. (2012):
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Ts
1000

Equation2. Ce =T,

Where: Ce is the content of element “e” (kg); te is the content of element “e” in the litter (g kg!) and

Ts corresponds to the amount of litterfall (kg ha™').

Results and discussions
The annual litterfall production was 7953 kg ha’l, it differed significantly only for plant
spacing. The proportion of successional groups and its interaction with plant spacing were not

significant (Table 2).

Table 2. Average annual litterfall (kg ha! year!), and nutrients production (kg/ha™') in the different restoration models in
the experimental area, in Itu-SP, 2019. Means followed by the same letter, in the column, do not differ from each other,
by the Tukey test (p < 0.05).

Litterfall N P K Ca Mg S

Proportion by successional groups

60NP40P 8145 A 132 A 10 A 33A 909 A 21 A 124 A
60P40NP 7407 A 118 A 93A 32A 859 A 20 A 10.6 A
8ONP20P 8452 A 135 A 10.1 A 36 A 93.6 A 21 A 16.6 A

Plant spacing

1x03m 9131 A 1403 A 10.9 A 445 A 103.7 A 245 A 13.5A
2x1m 7732 AB 1325 AB 10.0 A 29.1B 88.6 AB 19. AB 11.6 AB
Ix1m 7758 AB 1223 AB 95A 28.6 B 85.6 AB 19.1 AB 11.4 AB
3x2m 5761 B 86.4 B 6.8 A 262 B 63.4B 142 B 79B

The plant spacing 1 m x 0.3 m had the greatest canopy closure, a condition that favors natural
pruning and leaf fall (Villa et al., 2016). In general, the highest production obtained for leaves,
followed by branches and reproductive material, was similar to other studies in Seasonal
Semideciduous Forests (Villa et al., 2016; Dick and Schumacher, 2020). The results for spacing and
successional groups proportions confirm the hypothesis that plant spacing, and consequently the
density, influenced the production but do not confirm the influence of different proportions of
successional groups.

The highest nutrient production in the experimental area occurred for spacing 1 m x 0.3 m
(337.4 kg ha'), followed by 1 m x 1 m (290.8 kg ha'), 2 m x 1 m (276 .5 kg ha™') and finally 3 m x
2 m (204.9 kg ha). There were significant differences for the nutrient content (Table 3).
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Table 3. Nutrient content (g/kg") in different restoration models in the experimental area, in Itu-SP, 2019. Means
followed by the same letter, in the column, do not differ from each other, by the Tukey test (p < 0.05).

Identification N P K Ca Mg S
Proportion by successional groups
60NP40P 16.1 A 1.2 A 39 A 11.0 A 25 A 14 A
60P40NP 16.0 A 1.3 A 43 A 115 B 26 A 1.5 A
8ONP20P 16.0 A 1.2 A 41 A 11.0 A 25 A 1.5 A
Plant spacing

Imx03m 156 B 1.2 A 43 A 11.6 A 28 A 1.5 A
Imxlm 170 A 1.3 A 3.8 A 11.1 AB 24 B 14 A
2mx1lm 158 B 1.2 A 40 A 109 B 24 B 1.5 A
3mx2m 153 B 1.2 A 48 A 11.1 AB 2.5 AB 14 A

The variations of the different content of nutrients in the litterfall are related to their mobility
within the plant (Caldeira et al., 2019). The significant calcium content for the 60P40NP treatment
can be explained by the fact that the element has low mobility in the plant tissue (Godinho et al.,
2014; Caldeira et al., 2019).

In the 1 m x 1 m, the nitrogen presented higher content due its high mobility in plants and
may be associated with the dominance of some Fabaceae species, family with symbiotic associations
with atmospheric N2-fixing bacteria (Schumacher et al., 2018). Magnesium showed reduced content
in the 2 m x 1 m spacing, which can be attributed to the oxidation of chlorophyll. Phosphorus was the
nutrient with the lowest content in litter, this fact may be related to the low fertility of the soil.
Conclusion

The treatments by successional group did not influence the results, except for the calcium
content, and there is a need for a phytosociological survey to verify the effect of the dominance of
the species.

Spacing was the most significant treatment and showed greater evidence of the contribution
of litterfall and nutrients content to the system, showing that they were more efficient in promoting
the rapid recovery of these functionalities at the beginning of the forest succession process, regardless
of the proportion of the successional groups.
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