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HIGHLIGHTS

All evaluated tree species showed growth increases up to 21 years.
The evaluated trees have potential for recovery degraded areas.
The edaphic system was able to become self-sustainable under all tree stands.

The evaluated trees changed the topsoil fertility differentially.

ABSTRACT

The aim of our study was to evaluate the dendrometric characteristics of Atlantic Forest
trees of 21 years of deployment in the mountain region of Rio de Janeiro, Brazil and their
influence on topsoil fertility. We evaluated the survival rates, total heights, and diameters
at .30 m of all trees in the stand. The characterized soil chemical attributes were pH,
P K, Ca, Mg, Al, and organic matter at 0-0.| m depth. The averages were compared by
Student’s test (p<0.05). While Myroxylon peruiferum and Amburana cearensis had lower
survival rates than the other species, Plathymenia reticulata had a larger diameter. All tree
species showed diameter growth, though it was larger for Dalbergia nigra, Plathymenia
reticulata, Schizolobium parahyba, Esenbeckia leiocarpa, and Lecythis Pisonis. All stands
showed medium organic matter content, from 3.3 to 4.1%, and low P. The soils under
the Dalbergia nigra and Plathymenia reticulata stands are the most acidic and with low Ca,
Mg, and K levels. Our study demonstrated differences in growth patterns and that the
species influenced the soil chemical characteristics differently.
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INTRODUCTION

Brazil is a country that stands out in the forestry
sector due to its climatic and soil conditions, the
extensive areas available for planting, and its advanced
technical achievement, which has rendered it the status
of the world’s most productive country in terms of
timber volume per unit area (Iba, 2017). However,
forest exploitation has been restricted to a few species,
especially exotic and widely studied ones. In 2016, the
total area of trees planted in Brazil was 7.84 million
ha, of which 5.7 million were comprised of eucalyptus,
[.6 million of pine, and only 0.59 million ha with other
species (Iba, 2017).

To meet the demands of the timber sector
without intervening in natural forests, it is fundamental
to increase the efficiency and effectiveness of production,
exploitation, conversion of raw materials, and, above all,
the development of planted areas. The diversification of
species and the increase in supply of reforestation wood is
a market demand. Studies of timber and non-timber forest
species potential production allow the expansion and
diversification of products and stimulate the conservation
of genetic materials eliminated by logging deforestation.

However, the experience with Brazilian native
species is limited, with little knowledge about their
potential exploitation. Thus, the
percentage of native forest species as a part of the planted
forest statistics is low, as is the case of Hevea brasiliensis
and Schizolobium amazonicum (lba, 2017), even with the
wide diversity found in the country.

There are large numbers of degraded areas with
productive potential, given appropriate management
techniques. The use of these areas could contribute to an
increase in the supply of wood and non-timber products,
reducing pressure on native forests and the need to
import products from other locations.

During their development, forest species can alter
soil chemical attributes such as pH and nutrient content.
The literature contains results confirming that tree
species have different effects on litter (production and
quality) as well as the physical, chemical, and biological
properties of topsoil (Firn et al., 2007; Medina-Villar et
al,, 2015; Kooch et al., 2016; Russell et al., 20 8)Nutrient
absorption in the deeper layers returns to the soil surface
(through litterfall) can help explain the changes in topsoil
fertility between forest species (Marquez et al., 1993).

The aim of the present study was to evaluate the
dendrometric characteristics of twelve Atlantic Forest
trees 2| years after planting and verify the influence of

for commercial

these species on soil chemical attributes in order to infer
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the potential for the recovery of degraded areas and

commercial plantations.

MATERIAL AND METHODS

Description of study site

The study was carried out in homogeneous
plantations of twelve Atlantic Forest tree species,
established in 1992 in the José Zago State Forest, located
in the mountain region of Rio de Janeiro, Brazil, within

the municipal limits of Trajano de Moraes (Figure I).
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FIGURE | Study area site locations in Trajano de Moraes,
southeastern Brazil. |- Preticulata; 2- L. pisonis; 3- D.
nigra; 4- H. courbaril; 5- C.tomentosum; 6- S. parahyba;
7- E.leiocarpa; 8- M.peruiferum; 9- C.trichotoma; 10-
H.heptaphyllus; | 1- H.vellosoi; |12- A.cearensis).

The species are from the following families:
Fabaceae (Hymenaea courbaril Linneaeus, Dalbergia nigra
Vellozo Allemao ex Benth, Centrolobium tomentosum
Guillem ex Benth, Plathymenia reticulata Benth,
Schizolobium parahyba Vellozo S. F Blake, Esenbeckia
leiocarpa Engl, Myroxylon peruiferum Linneaeus f);
Bignoneaceae (Handroanthus heptaphyllus Vellozo,
Handroanthus vellosoi Tol. Mattos); Lecitidaceae (Lecythis
pisonis Cambessédes); Boraginaceae (Cordia trichotoma
Vellozo); and Rutaceae (Amburama cearenses Freire
Allemao). The climate in the region is mild, with average
temperatures between |8 and 24 °C, annual precipitation
between 1,000 and 1,200 mm, and an altitude of 660 m.

In 2011 (19 years after the implantation), soil
physical analyses (particle density, particle size analysis,
and total porosity) were performed in each plantation and
in an adjacent area with Brachiaria sp. (Embrapa, 2017).
The soil is a Typic Haplohumults, with low activity clay, in
wavy relief, ranging from clay loam to clay loam sandy.

The seedlings were produced from seeds
collected in the region that contained no markings or
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descriptions of the matrices collected. Planting took
place on a 15° mean slope in an area previously used as
pasture (Imperata brasiliensis and Melinis minutiflora) that
had experienced erosion. The area preparation was in
minimum cultivation, with manual weeding, 0.40 x 0.40 x
0.40 m hole construction, and the use of bovine manure
(10 L) and 10-28-06 NPK fertilizer (100g).

A total of 49 seedlings per tree species were
planted in single plots and spaced at 3 x 3 m, resulting
in 0.53 ha for all evaluated plantations. During the first
year after planting, ants were controlled with baits.
Several coleopteran attacks occurred, though no control
measures were taken, a fact that may have impaired the
survival and initial growth of some species. The survival
percentage evaluation was carried out in the field |7
years after planting (November 2009).

Dendrometric evaluations

The diameter at breast height (DBH) of all trees was
evaluated in all the stands at 17, 19, and 21 years of age,
while heights were assessed at |7 and 21| years of age, from
September to November. The girth at breast height (GBH)
was determined with a tape measure and the diameter
estimated by the equations, for single trunks [1]; for multiple
trunks [2], Where: d;' = diameter of each trunk.

GBH (1]

DRH =

DBH =(dp ~dz +d2+._.+d2)" [2]

The total height was estimated by the
superposition of equal angles (Scolforo and Figueiredo
Filho, 1998), with the aid of a rod of a known height (2m).

From the biometric measurements in the
different years, the average annual increases in height
and diameter of the different species were calculated as
a function of time between measurements.

The quality of the trunks was evaluated in
November 2009 (17 years after planting in the field). For
trunk quality, each tree received a classification from | to 4,
whereby 4 referred to a straight trunk, 3 a tortuous trunk,
2 a forked trunk, and | a faulty trunk. The faulty trunk
classification was assigned when physical injury or defects
were present. The bifurcated trees received grade 2,

regardless of whether the trunks were straight or tortuous.

Soil sampling and analysis

In all plots, four simple soil samples (at a 0 — 0.1
m depth) were collected in February and March of 201 |
around each tree at approximately 20 cm from the trunk,
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resulting in a composed sample per tree of each plot (total
of 547). For soil sampling litter was first removed from
the ground. In the adjacent pasture area (Brachiaria sp.) 64
points were sampled, evenly distributed throughout the
area (an 8 x 8m plot), at the same depth. Thisarea has been
unmanaged similar in time since planting as that of the tree
planting area. The relief was waved, with approximately
30%. Soil under pasture was used as a reference for
comparison with the forest species plantations.

All the samples were air dried and taken to the
laboratory (Analysis Center of the Dr. Leonel Miranda
campus of the Federal Rural University of Rio de Janeiro
- UFRR]). Once in the laboratory, pH in water, P and
K contents (extracted with Mehlich solution), Ca, Mg,
and Al (extracted by | mol-L'' KCI), total N (by Kjeldahl
method), and the organic carbon (by oxidation with
K,CLO,) were determined. The organic matter was
determined by the multiplication of the carbon contents
by 1.724, considering that carbon contributes 58% of
the average composition of humus (Embrapa, 2017).

Data analyses

The biometric and soil data were assessed by
random sampling and the means (averages of all surviving
plants), considering that has no statistical design and no
fill requirements for parametrical analysis, submitted
to descriptive analysis and compared by Confidence
Interval (p < 0.05) by student’s t test. The lack of overlap
on Confidence Interval in table and graphics (p < 0.05)
allows, with high statistical support, differ means. Kruskal
Wallis test (p < 0.05) was used to compare trunk quality
data among species (R Core Team, 2017).

Though our study area does not have a statistical
design, there is no information about other plantations
with these Atlantic forest tree species at this age, which
highlights these findings.

RESULTS

Survival and dendrometric evaluations

Eight species had over 80% survival (Table I),
whereas no cultural management measures were performed
after planting, with the exception of ants control.

The tree species P reticulata and S. parahyba
had higher diameters at 1.30 m, with 24.0 and 22.3
cm, respectively. The other species presented similar
values, except for M. peruiferum and A. cearensis, which
possessed lower diameters (Figure 2b).

All species had annual diameter increment over
four years (2009-2013). S. parahyba showed the highest
increase, with 1.2 cm year', followed by P reticulata, with
0.6 cm-year' (Figure 3b). The lowest annual diameter
increase was in H. vellosoi, with 0.1 cm-year'.
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The total height was highest for P reticulata (15.1
m), followed by H. courbaril (14.3 m). The tree species
H. heptaphyllus, H. velosoi, E. leiocarpa, M. peruiferum,
and A. cearensis presented lower growth than other
species. Although the second highest total height
was observed in H. courbaril, its annual increment in
diameter was low (0.27 cm), with the better trunk
quality (Table I).

TABLE | Survival (evaluated at |7 years after planting in the
field) and trunk quality (classifications) of Atlantic
Forest tree species, southeastern Brazil.

Species Sug/lo\;al Trunk quality*
Hymanea courbaril Linneaeus 8980 364 a
Cordia trichotoma Vellozo 9592 329 ab
Handroanthus heptaphyllus Vellozo 85.71  3.05 abc
Esenbeckia leiocarpa Engl. 93.88 2.82 abcd
Schizolobium parahyba Vellozo S. F. Blake 81.63 276 bcd
Handroanthus vellosoi Tol. Mattos 7755 273  bcd
Plathymenia reticulata Benth 100.00 2.65 becd
Centrolobium tomentosum Guillem ex Benth  93.88  2.62 bcd
Lecythis pisonis Cambessédes 7347 259
Dalbergia nigra Vellozo Allemao ex Benth 83.67 2.08 de
Mpyroxylon peruiferum Linneaeus 63.27 250 de
Amburana cearenses Freire Allemao 46.94 200 e

*Different letters in each column indicates significant differences (p < 0.05 by
Kruskal Wallis test).
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FIGURE 2 Total height (a) and diameter at 1.30 m (b; DBH)
of Atlantic Forest tree species planted in 1992 in
southeastern Brazil.
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E. leiocarpa showed several thin forks, reducing
timber production. Although P reticulata forked in almost
100% of trees, the trunks were at most three with
none of them like in the E. leiocarpa stand. P reticulata
presented mostly rectilinear trunks, free of defects,
suggesting P reticulata’s potential for timber production.

Topsoil fertility

The soil under Brachiaria sp. showed higher Al
content than most forest species, lower only than P
reticulata and D. nigra soils (Table 2). The pH values of all
plantations varied from 4 to 6 and the soil under P reticulata
and D. nigra was 4.3 and 4.9, respectively, the lowest values.
Despite the low values in these forest stands, both species
had a good development, showing adaptation.

The Ca content in soil under Brachiaria sp. did
not differ from the soil under L. pisonis, C. tomentosum,
or H. courbaril stands. The soils under the C. trichotoma,
H. heptaphyllus, E. leiocarpa, A. cearensis, H. vellosoi, and
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FIGURE 3 Height (a) and diametric increments (b) over four
years (2009 — 2013) of Atlantic Forest tree species
planted in 1992 in southeastern Brazil..
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M. peruiferum stands showed higher Ca content and
lower Al content when compared to Brachiaria sp. soil.

While the K and Ca contents were higher in
the soils under Brachiaria sp. than in the soils under
the Fabaceae stands, they did not differ from those of
A. cearensis or M. peruiferum. All plots showed organic
matter between 3.3% and 4.1%.

DISCUSSION

Survival and dendrometric evaluations

M. peruiferum had a lower than expected survival
rate, likely due to planting in full sun. As this species needs
some shade for healthy development (Sebbenn et al., 1998),
the lack of shading may have reduced the survival rate of the
species in our study. The intercropping of M. peruiferum with
species of different successional groups would be a measure
that could help provide the required shade.

A. cearensis, however, appears suitable for recovery
efforts in degraded areas (Almeida et al., 2014). The low
survival rates in the present study were probably related to
the lack of cultural management measures after planting.
Moreover, there were reports of pest attacks in this stand,
which may have contributed to reductions in the survival
rate. A. cearensis is tolerant of different lighting conditions,
growing well under conditions ranging from full sun to
50% shading (Ramos et al., 2004).

The pioneer tree species S. parahyba is not
merely of economic interest, but due to its potential as
an alternative species for the recovery of degraded areas.

CERNE

A comparison of a young S. parahyba plantation with an
area under a 25-year period of natural regeneration
showed higher litter and fine root production in the
young S. parahyba plantation (Silva et al., 201 I). Although
in Silva et al. (2011) work S. parahyba promoted the
reestablishment of nutrients and organic matter cycling,
this species was only associated with organic matter and
the P level increases in the present study.

During the first years of development tree
species tend to grow exponentially, as in the case of an
H. courbaril stand, which showed 6.0 m of total height,
8.6 cm of diameter at 1.30 m, and an annual diameter
increment of 1.2 cm at seven years after planting (Tonini
et al.,, 2005). An || year old H. courbaril stand in a soil
with low pH and cation exchange capacity (CEC) showed
16.5 m of total height and 16.5 cm of diameter at .30 m
with the highest survival rate (94.4%) when compared
to other species (Souza et al., 2008). These findings show
the potential for H. courbaril plantations slated for timber
production. However, in the edaphoclimatic conditions
of our study area, the species showed lower diameter
growth and increase. H. courbaril wood is already used
in contruction and for furniture and frame production
and flour from its fruits can be used as food (Calderén-
Peralta et al., 2017).All tree species showed growth
increases up to 2| years. When the decomposition rate
of the leaves on the ground is low, there may be losses
in stand success, as observed in eucalyptus and native
forest stands in western, Santa Catarina State (Inkotte et
al., 2015). The litterfall contribution by all tree species as

TABLE 2 Chemical topsoil properties (mean*confidence interval*) under Atlantic Forest tree stands at |9 years old in

southeastern Brazil.

pH Al P K Ca Mg OM
Species
cmol -dm-3 mg-dm-3 mg-dm3 cmol -dm-3 cmol -dm-3 % (m/v)

H. courbaril 5.0 (%0.11) 0.71 (x0.15) 2.59 (%£0.20) 59.11 (x£8.4) 1.84 (+0.28) 0.84 (+0.09) 3.3 (x0.13)
C. trichotoma 5.6 (+0.08) 0.11 (+0.05) 2.94 (x£0.26) 126.43 (=11.2)  3.48 (+0.35) 1.85 (x0.12) 3.9 (x0.13)
H. heptaphyllus 5.6 (+£0.05) 0.17 (+0.06) 3.29 (x0.56) 197.83 (=18.5)  4.86 (+0.49) 2.17 (x0.17) 4.1 (+0.18)
E. leiocarpa 5.6 (+0.05) 0.15 (+0.05) 4.61 (+0.83) 183.83 (x=16.1)  4.00 (+0.47) 1.44 (x0.11) 3.8 (x0.11)
S. parahyba 5.2 (+0.07) 0.45 (+0.07) 3.53 (x0.19) 73.25 (4.0 2.13 (%0.20) I.11(%0.07) 4.1 (+0.10)
H. vellosoi 5.5 (x0.04) 0.19 (x0.05) 3.58 (+£2.02) 131.97 (x16.5)  4.30(%0.37) 2.46 (£0.14) 3.7 (%0.13)
P reticulata 4.3 (£0.05) 1.48 (x£0.12) 3.53(x0.26) 56.55(£3.7) 0.68 (+0.17) 0.55 (+0.10) 4.1 (x0.15)
C. tomentosum 5.3 (£0.05) 0.41 (+0.07) 2.74 (x0.20) 67.59 (£5.6) 1.56 (x£0.22) 1.28 (x£0.11) 3.5(x0.11)
L. pisonis 5.3 (*0.08) 0.27 (+0.08) 2.61 (x0.26) 55.81 (x4.7) 1.91 (x£0.25) 1.21 (x0.14) 3.3 (x0.16)
D. nigra 4.9 (x0.07) 1.15(x0.13) 2.66 (+0.24) 54.00 (+3.8) 0.99 (+0.20) 0.77 (=0.15) 3.8 (x0.13)
M. peruiferum 5.6 (+0.05) 0.17 (+0.06) 2.68 (+0.22) 145.23 (=19.5)  3.12(%0.37) 1.75 (%0.14) 3.5 (x0.15)
A. cearenses 5.5 (+0.08) 0.17 (x0.09) 2.48 (x£0.22) 94.13 (x£17.8) 3.96 (+0.64) 1.94 (+0.15) 3.9 (%0.19)
Brachiaria sp. 5.3 (+0.04) 0.92 (%0.12) 4.78 (+0.76) 114.92 (=19.2) 1.60 (+0.18) 1.02 (+0.10) 3.7 (%0.12)

OM = Organic matter; * Confidence Interval (p < 0.05).
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well the decomposition rate were probably effective at
maintaining species development by providing nutrients
through nutrient cycling, though further studies on
litter deposition and decomposition need to be done
to confirm this hypothesis. External nutrient supply was
only carried out during seedling planting.

Despite its good development, Preticulata
received a low trunk quality score (2.50) due to the
presence of forks. However, its trunks possessed a low
crooked degree and had the highest diameters at 1.30m.

Topsoil fertility

Although a specific trend for topsoil fertility was
not observed for Fabaceae tree species, they were
associated with diazotrophic bacteria that fixes N to
soil. The Plathymenia species have nodulation capacity
(Furtini Neto et al., 2000; Vitkova et al., 2015), which may
explain the soil acidity found under them in the present
study. In addition, C. tomentosum also shows root system
nodulation and nitrate absorption capacity (Aidar and
Joly, 2003); however, in this study assessments of the soil
under this species did not show the same trend as with
the P reticulata soil, with low Al, B and organic matter for
C. tomentosum plantation.

Ca is easily leached by rainwater on slopes, and
the highest Ca content will therefore probably be found
in basin areas. In our study, the soils under P reticulata,
L. pisonis, and D. nigra, which help form the basin of
the study area (Figure 1), showed lower Ca content
in relation to the other stands, and Ca availability was
therefore certainly affected by soil pH variations. All
stands showed medium Ca soil content (Furtini Neto
et al,, 2000) from 1|.2] to 2.40 cmolc-dm?, with the
exception of the soils under P reticulata and D. nigra that
exhibited lower levels.

H. heptaphyllus, H. vellosoi, A. cearensis, and E.
leiocarpa were the plots with highest soil Ca content.
Some of these species presented trunk debarking and
bark usually contains higher Ca content (Witschoreck and
Schumacher, 2013). P reticulata has high bark production
with low debarking that falls to the ground (visual
perception), keeping the Ca in bark and consequently a
lower cycling and soil return. The bark also contributes
with K, Mg, and P and the nutrient content can be higher
than in the timber, and may vary from 2.2 times for P to
34.8 times for Ca (Andrade et al., 201 1).

All plots presented > 50 mg dm? of K,
considered an average to high range (Furtini Neto et
al., 2000), particularly the soils under H. heptaphyllus,

E. leiocarpa, H. vellosoi, C. trichotoma, and M.
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peruiferum (> 120 mg-dm?), the very soils that showed
high levels of Mg and Ca and low levels of Al. These
species likely accumulate little K and instead exude it into
the soil system. The soil under Brachiaria sp. also showed
high K content, with no differences among the soil under
the forest species. K, Ca, and Mg are available at low
levels in very weathered tropical soils.

There was little variation in P contents among the
stands; all were lower than 6 mg-dm?, a level considered
very low (<6.6 mg-dm?) for silvicultural plantations
(Furtini Neto et al., 2000). The soil under Brachiaria sp.
also showed low P with no differences in relation to
H. vellosoi and E. leiocarpa soils, but higher than the soils
under the other stands. The P content in the pasture can
be explained by the fact that root systems have higher
volumes in upper soil layers. The continuous root growth
and decomposition process contribute to organic matter
decomposition, increasing P availability and absorption
(Brunner et al., 2013) as well as other nutrients, such as
K, Ca, and Mg.

Acidic soils fix P, resulting in low P availability (Chase
and Singh, 2014). While the soil under P reticulata showed a
P content similar to the other stands, this soil was the most
acidic, suggesting that high acidity may not have impaired
P availability or Preticulata’s growth. Low pH inhibits
the mineralization of organic soil matter and therefore
soil nutrient levels are not enhanced. Clay particles can
lose their CEC when soil acidity increases (Nsabimana
et al., 2008) due to nutrient stock decreases or leaching,
reducing nutrient availability, as observed in the soil under
P reticulata and D.nigra with low K, Ca, and Mg. This fact
can also explain the higher K, Ca, and Mg and lower Al
levels under the H. heptaphyllus, E. leiocarpa, H. vellosoi, C.
trichotoma, and M. peruiferum stands.

Higher pH, Ca, K, and P content levels have been
found in forest soils when compared to those of pasture
(Loss et al., 2009). This trend is due to the nutrient
cycling (litter and roots) present in forest areas, an
essential process for the development and maintenance
of vegetation. In our study, K and Ca levels in most of
the soils under tree species were higher than in those
under pasture. However, the P content results did not
corroborate the findings of the authors cited above,
despite small variations among the areas. In the Atlantic
Forest rapid mineralization of organic matter can occur
due to high temperature, humidity, and rainfall, all
contributing factors for nutrient cycling.

Soil fertility can be altered by plant characteristics,
age, root systems, species interaction, litter quantity and
quality, its decomposition, N fixation, and Al accumulation
(Russell et al. 2018). Areas with R. pseudoacacia have
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tended to have the greatest organic soil matter, N, and
P than those of the soil under A. altissima (Medina-Villar
et al., 2015). Alnus subcordata and Populus deltoids in
Northern Iran also improved the soil fertility (greater
P K, Ca, and Mg availability) and biological activities
attributed to rapid nutrient cycling in young secondary
forests (Kooch et al., 2016).

In a different way, afforestation with Cupressus.
lusitanica was not able to restore organic soil carbon and
total nitrogen to their original levels. Rapid organic soil
matter mineralization can be reflected in lower organic
soil carbon content (Chase and Singh, 2014; Wainkwa
Chia et al,, 2017). In our study area, further studies
on litterfall (quantity and quality) and nutrient cycling
(decomposition rates) need to be carried out to better
understand species effects on soil.

Compared with Brachiaria sp., the soil under
H.courbaril and L. Pisonis stands had lower organic
matter. The organic matter of all forest stands can be
considered medium (Schumacher et al.,, 2004), from
3.3 to 4.1%. The Rio de Janeiro mountain region has
a rainfall trend characterized by rainy periods followed
by drought, a microclimate that fosters organic matter
decomposition. Trees quickly cover the soil with litterfall,
reducing the effects of weathering and erosion while
enhancing topsoil fertility (Stark et al., 2015) and increasing
soil microorganism levels (Garcia-Franco et al., 2015). In
addition, the organic matter can increase soil aggregation,
CEC, water infiltration rates, and soil moisture maintenance
(Silva and Mendonca, 2007).

CONCLUSIONS

These Atlantic forest trees have potential for the
recovery of degraded areas.

The trees changed the topsoil fertility differentially,
with higher acidity and lower Ca, Mg, and K soil contents
under P reticulata and D. nigra stands. Despite the
differences in soil chemical attributes, the edaphic system
was able to become self-sustainable over the medium to
long terms under all tree stands, enhancing productivity
and soil conservation.

Based on the growth results, the species P reticulata
and S. parahyba have potential for silvicultural plantations
and timber production, even in degraded areas.
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