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ABSTRACT - Factors such as soil properties, altitude and topography are conditional
aspects on the spatial distribution of species around the forest. The present work carried out
edaphic analyzes on the edge and inside the Arboretum of Native Essences at the Herminio
Ometto University Center - Uniararas and in vegetative organs of Oeceoclades maculata,
to demonstrate the influence of soil attributes on its spatial distribution. For this purpose,
20 cm deep soil samples and 10 individuals from O. maculata were collected, inside of each
fragment, on its edge and interior. At the end of the investigation, the results demonstrated
that Oeceoclades maculata has an aggregate distribution pattern in the studied microhabitats,
considering that OM and P were present at a moderate and high positive correlation at the
edge, respectively, and V% with median positive correlation for the interior, showing among
all analyzed attributes distributive spatial influence.

Keywords: Soil properties; exotic species; orchid.

RESUMO - As propriedades do solo, a altitude e a topografia sdo alguns aspectos
condicionantes da distribuicdo espacial de espécies em florestas. O presente trabalho realizou
andlises edaficas na borda e no interior do Arboreto de Esséncias do Centro Universitario
Herminio Ometto — Uniararas e em 6rgdos vegetativos de Oeceoclades maculata, com o
objetivo de demonstrar a influéncia dos atributos do solo em sua distribui¢@o espacial. Para
esse proposito, amostras de solo de 20 cm de profundidade e 10 individuos de Oeceoclades
maculata foram coletados dentro do fragmento, tanto na borda quanto no interior. Ao final da
investigacao, os resultados demonstraram que Oeceoclades maculata tem padrao de distribui¢ao
agregado nos micro-habitats estudados, considerando que MO e P apresentaram moderada e
alta correlacdo positiva para a borda, respectivamente, e V% com mediana correlagdo positiva
para o interior, mostrando, entre todos os atributos analisados, influéncia espacial distributiva.

Palavras-chave: propriedades do solo; espécies exoticas; orquideas.
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1 INTRODUCTION

Chemical analysis of soil is done to estimate
the nutritional elements available to plants (Raij et al.,
2001). This analysis may reveal nutritional sources
under different edaphic conditions, for agricultural
purposes and/or environment quality preservation.
Spatial distribution of species in different vegetation
formations has often been associated with not only soil
properties but also altitude and topography (Rodrigues,
1991; Schiavini, 1992; Oliveira Filho et al., 1994;
Cruz Ruggiero et al., 2002).

The forest fragmentation is a process, as
a landscape, which includes the loss of the habitat
and its disruption in its permanence (Fahrig, 2003).
Habitat fragmentation increases the point of contact
between anthropogenic effects and natural vegetation,
which causes local physical, chemical and biological
changes. This is known as the edge effect (Murcia,
1995), which may result in a decrease in habitat quality
for native species while facilitating the invasion of
exotic species (Morgan, 1998; Honnay et al., 2002).

Orchids are not always considered aliens,
but some are, such as the widespread Oeceoclades
maculata (Lindl.) Lindl., a terrestrial orchid usually
rooted in humus (Dubbern et al., 2013). The species
shows substantial ecological amplitude, often including
habitats modified by anthropogenic actions (Cohen
and Ackerman, 2009). In Brazil, it may be found
growing under different climate conditions such as:
Semideciduous Seasonal Forest (Mesophytic forest)
(Ivanauskas and Rodrigues, 2000; Menini Neto et al.,
2004a; Menini Neto et al., 2004b; Kinoshita et al.,
2006; Pansarin and Pansarin, 2008), the Cerrado
(Brazilian Savanna) (Batista and Bianchetti, 2003;
Batista et al., 2005) and Caatinga (Semi-Arid Brazilian
Savanna) (Aragjo et al., 2005), growing mostly on
banks in riverside woods, which (Menini Neto et al.,
2004b; Aratjo et al., 2005). In a survey of the central
region of Sdo Paulo, populations of O. maculata were
found in severely human-impacted areas as well
as undisturbed, natural areas (Ferreira et al., 2010;
Pedroso-de-Moraes et al., 2010; Schuster et al., 2010;
Dubbern et al., 2013).

So, the doing of the soil physical-chemical
analyses, the chemical composition of the vegetative
organs, the understanding of their possible connections
and spatial distribution are important for this kind
of orchid to adapt itself, as they indicate ecological
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conditions linked to the acquisition of nutrients, which
may help the monitoring and further treatment of the
species. This work has as a goal edaphic analysis on
edges and interior of Arboretum of Native Essences of
the Herminio Ometto University Center — Uniararas
and in O. maculata, single vegetative organs, to
emphasize the influence of the soil traits in the spatial
distribution of the species.

2 MATERIAL AND METHODS
2.1 Characterization of the study area

The work was developed from August to
December 2013 in the Arboretum and the Laboratory
of Botany and Environmental Analysis at the Herminio
Ometto University Center, Uniararas, Municipality
of Araras, SP. The arboretum is characterized as a
forested area in 1996, implanted with native essences
originating from Semideciduous Seasonal Forest within
the university campus, being under the coordinates
22°22°31.00 “S and 47°22°04.29” W, 652 m elevation
and covering an area approximately 0.93 hectare.

The Araras region is under a tropical, seasonal
climate with rainy summer and dry winter, described as
Cwa in the climatic classification of Koppen. Rainfall
does not exceed 30 mm during the driest month and
the temperature of the hottest month varies between
19° C and 29° C (CEPAGRI, 2007). In this region, there
is predominance of Red-Yellow Latosol, with more
fertile spots of Dark Red Latosol (Pivello-Pompéia,
1985). Specifically in relation to the microclimate of
the study area, for the edge, concerning light intensity,
relative humidity and temperature, the following data
were previously obtained: 1420 umol.m?.s™!, 37.5%
and 38,6°C and into the 540 umol.m2.s" fragment,
82.3% and 21.3°C, respectively.

2.2 Spatial distribution

The population census of O. maculata occurred
from August to September 2013. Data collection was
done by demarcating 20 contiguous plots of the same
size and shape (Greig-Smith, 1964) on the edge and
inside the fragment, which plots were 10 x 20 m
(Clements, 1929) with the largest length parallel to
the edge of the fragment, totaling 4000 m? of study
area, for each area.
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The use of the Morisita Index (MI) and
the variance-to-mean Ratio (VMR) (Budke et al.,
2004) was done to identify the spatial distribution
pattern before collecting material for analysis.
Values of MI and VMR equal to 1 indicate regular
distribution. Values less than 1 indicate the absence of
clustering and values greater than 1 indicate clustering
(Lima-Ribeiro and Prado, 2006). The statistical
significance of the distribution of individuals was
inferred by the y? test for a given number of degrees of
freedom (df), and at the level of significance, desired
(Budke et al., 2004). For df (n-1 =20-1), the critical
reference value is 43.82 with a = 0.05 (Ayres et al.,
2007). The Spearman correlation coefficient (rs)
(Zar, 1996) was used to verify the existence of
correlation between the edge and inland distributions
with the edaphic variables.

2.3 Collection of soil and plants

For the analysis, a soil sample and
10 Oeceoclades maculata individuals were collected
at physiological maturity (reproducing), within each
pre-established plot, both at the edge (distance up to
20 m inland) and within the fragment (more than 50 m
from the edge) (Williams-Linera, 1990).

To establish a history of chemical fertility
and to generate uniform procedures, a depth of 20 cm
was used for soil sampling, which allows comparisons
with results from different locations (EMBRAPA,
2005). In relation to the botanical material, it is
found in literature recommendation only regarding
the collection of leaves in orchids (Malavolta et al.,
1997). However, due to the presence of pseudobulbs
and roots that were inconspicuously tuberized in the
species, a sample of the stem and radicals was also
collected, which went through the same methods of
foliar analysis.

2.4 Soil analysis

After drying and ground, the samples
were analyzed as follows: grain size by pipetting
method, pH by potentiometry CaCl,, H + Al by
SMP, exchangeable aluminum extracted with KCI at
1 mol L' and determination by titration with NaOH
at 0.01 mol L', sulfur by turbidimetry determined by
spectrophotometry, boron extracted by the hot water
method and determined by spectrophotometry, organic
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matter content oxidized by sodium dichromate and
quantified by colorimetry, sodium extracted with dilute
hydrochloric acid solution and determined by photometer,
silicon by colorimetry, copper (Cu), zinc (Zn), iron
(Fe) and manganese (Mn) by DTPA and determined
in atomic absorption spectrometry; phosphorus (P),
potassium (K), calcium (Ca) and magnesium (Mg)
contents by the ion exchange resin method, being
determined: phosphorus by spectrophotometry of
blue, potassium by flame photometer, calcium and
magnesium by atomic absorption spectrometry, the
moisture content determined with analytical balance
after oven drying at 105°C for 48h (Vitti, 1989;
Raij et al., 2001; EMBRAPA, 2005).

2.5 Plant analysis

The washed, dried and ground vegetable
samples were weighed for wet digestion for the
following analyzes: nitrogen (N) determined by
Kjeldhal semi-micro technique in steam distillation
and titration for quantification of ammoniacal
nitrogen; phosphorus (P) determined by vanadate
yellow; sodium (Na) and potassium (K) determined
by flame photometer; calcium (Ca) and magnesium
(Mg) determined by atomic absorption spectrometry;
sulfur determined by turbidimetry with barium chloride
in spectrophotometry; silicon (Si), after autoclaving,
determined by spectrophotometer colorimetry;
copper (Cu), zinc (Zn), iron (Fe) and manganese
(Mn) determined by atomic absorption spectrometry;
Boron (B) by dry digestion, determined by staining
with azomethine-H reagent in spectrophotometry.
To determine the dry matter (DM) and mineral matter
(MM), the sample after milling was weighed, carried
to the oven 105°C and then to the muffle oven at
550°C (Malavolta et al., 1997, EMBRAPA, 2005).

2.6 Statistical analyze

The data obtained for the number of individuals
and physical-chemical attributes of the soil on the edge
and inside the fragment were analyzed by performing
the F-test and Tukey averages at 5% significance
with the aid of the SAS-Statistical Analysis System
(SAS, 2008). The Spearman correlation coefficient
(rs) (Zar, 1996) was used to verify the existence of
correlation between the edge and inland distributions
with the edaphic variables.
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3 RESULTS

In the plots, 304 individuals were found
on the edge and 261 in the interior, totaling a
sample population of 565 individuals (Table 1). For
both the edge and the interior, the variation in the
number of plants among the plots was large, and
the number at the edge ranged from 1 to 96 and the

interior from 1 to 54 individuals. Such abundance
and variance resulted in aggregate distribution
pattern for both sample units.

The edge plants obtained MI = 20.06
and VMR = 6.31. The interior plants presented
MI = 20.07 and VMR = 4.13. These values are
statistically significant according to the y? test
(Ayres et al., 2007).

Table 1. Number of individuals and chemical characteristics of the soil for each plot installed on the edge and inside of
the Arboretum at the Herminio Ometto University Center - Uniararas, Araras, SP, Brazil.

Tabela 1. Numero de individuos e caracteristicas quimicas do solo para parcela instalada na borda e no interior do Arboreto
do Centro Universitario Herminio Ometto — Uniararas, Araras, SP, Brasil.

2
2} g { z @)
E2 23 . w5 2iz258853 2352 5 8 &
Edge
1 23 54 25 7 3 08 26 7 23 - - 57 34 60 - 059 04 59 49 0.7 8.14
2 2 53 22 8 4 08 17 5 19 - - 42 23 55 - 027 07 59 37 15 822
3 9 52 29 56 3 09 13 5 18 - - 37 19 51 - 014 05 40 23 03 790
4 38 54 28 14 5 09 20 6 19 - - 46 27 59 - 025 05 58 50 23 854
5 45 49 36 19 5 12 9 4 23 - 37 14 38 7 051 02 84 54 1.6 790
6 41 52 32 18 3 10 15 6 22 - - 44 22 50 - 036 12 99 620 3.1 886
7 3 52 25 10 5 1.1 18 6 21 - - 46 25 54 - 020 06 92 78 22 894
8 21 5 23 7 3 10 14 6 24 5 - 45 21 47 19 040 05 103 75 13 7.82
9 1 52 20 8 3 09 13 6 20 2 - 40 20 50 9 021 06 111 34 0.5 830
10 1 52 31 8 3 08 18 4 18 3 - 41 23 56 12 023 05 8 2.6 03 782
Interior

1 54 49 30 25 4 11 22 6 42 4 - 71 29 41 12 054 09 216 127 2.1 7.10
2 1 52 29 8 3 11 24 5 30 - - 60 30 50 - 039 06 8 10.5 0.6 6.86
3 34 50 28 10 4 12 20 5 25 4 - 51 26 51 14 074 06 100 89 0.8 726
4 20 55 19 7 3 1.1 34 7 25 - - 67 42 63 - 037 06 8 6.1 0.6 734
5 23 55 24 7 4 14 32 5 23 - - 61 38 63 - 059 07 98 24 03 622
6 28 57 25 9 3 19 55 7 22 - - 8 64 74 - 058 06 106 48 0.6 694
7 32 55 27 9 3 15 33 7 23 - - 65 42 64 - 0.02 08 121 51 1.0 822
8 30 50 24 10 3 25 12 4 23 1 - 41 18 45 5 025 06 101 55 12 830
9 20 48 21 8 4 08 11 6 25 3 - 43 18 42 14 030 0.7 80 51 0.5 790
10 19 51 26 8 3 1.1 16 5 24 4 - 46 22 48 15 039 08 63 69 06 8.14

The linear correlations to verify the influence of
the soil edaphic characteristics on the spatial distribution
ofthe species showed the very low physical-chemical
properties of the soil and the distribution pattern
found, because for Oeceoclades maculata, only
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O.M. (Organic Matter) and P with moderate (0.6402)
and high (0.8025) positive correlation for the edge
respectively, and V% with a median positive correlation
(0.0461) in the interior were statistically significant
(p <0.05) (Table 2).
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Table 2. Spearman’s Correlations (r,) among the physical and chemical attributes of the soil and the spatial distribution of
Oeceoclades maculata on the edge and interior of the Uniararas arboretum.

Tabela 2. Correlagdes de Spearman (rs) entre os atributos fisicos e quimicos do solo e a distribuigdo espacial de
Oeceoclades maculata na borda e no interior do arboreto da Uniararas.

Edge r, P Interior r, p

pH -0.162 n/s pH 0.487 n/s
oM 0.640 0.046 O.M. 0.012 n/s
P 0.802 0,005 P 0.068 n/s
S 0.299 n/s S 0.249 n/s
K 0.537 n/s K 0.498 n/s
Ca -0.263 n/s Ca 0.589 n/s
Mg -0.075 n/s Mg 0.191 n/s
H+Al 0.101 n/s H+Al -0.292 n/s
Al -0.513 n/s Al -0.269 n/s
Na 0 n/s Na 0 n/s
CEC -0.146 n/s CEC 0.498 n/s
BS -0.277 n/s BS 0.571 n/s

Y -0.247 n/s \% 0.640 0.046
M -0.513 n/s M -0.413 n/s
B 0.024 n/s B 0.594 n/s
Cu -0.239 n/s Cu -0.32 n/s
Fe -0.481 n/s Fe 0.437 n/s
Mn 0.279 n/s Mn -0.265 n/s
Zn 0.381 n/s Zn 0.015 n/s
Si 0.168 n/s Si -0.425 n/s
Sand g Kg! -0.133 n/s Sand g Kg'! -0.389 n/s
Clay g Kg! -0.060 n/s Clay g Kg™! 0.596 n/s
Silt g Kg! 0.206 n/s Silt g Kg! -0304 n/s
Moisture % -0.285 n/s Moisture % -0.280 n/s

In relation to the physical characteristics of the edge of the fragment, while the clay amount was
the soil, the amount of sand and silt was larger for larger in the interior (Table 3).

Table 3. Soil physical characteristics expressed in g/kg for each plot installed on the edge and interior of the Arboretum at
the Herminio Ometto University Center - Uniararas, Araras, SP, Brazil.

Tabela 3. Caracteristicas fisicas do solo expressas em g/kg para cada parcela instalada na borda e no interior do Arboreto
do Centro Universitario Herminio Ometto — Uniararas, Araras, SP, Brasil.

Plots Sand Clay Silt
Edge Interior Edge Interior Edge Interior
1 856.4 730.3 94 166 49.6 103.7
2 849.32 834.62 85 109 65.68 56.38
3 773.76 787.52 92 171 134.24 41.48
4 820.39 831.64 124 120 55.61 48.36
5 822.28 787.99 115 152 62.72 60.01
6 821.11 854.19 106 101 72.89 44.81
7 833.66 813.23 77 124 89.34 62.77
8 851.86 870.58 88 80 60.14 49.42
9 817.6 822.82 114 90 68.4 87.18
10 805.53 842.52 128 115 66.47 42.48
Average 825.19 817.54 102.3 122.8 72.51 59.66
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The relationship between edge and interior attributes between the two habitat types for Ca, H+Al,
plants in the number of individuals and chemical attributes CEC, BS and K, for which ones the highest averages
of the soil was not statistically significant even though were obtained from the forest interior. Only the Si
there were significant differences among soil chemical attribute was shown larger for the edge (Tables 4 and 5).

Table 4. F statistics for the number of individuals and for chemical attributes of the soil according to the collection sites
in the Arboretum at the Herminio Ometto University Center - Uniararas, Araras, SP, Brazil.

Tabela 4. Estatistica F para o nimero de individuos e atributos quimicos do solo de acordo com a os locais de coleta no
Arboreto do Centro Universitario Herminio Ometto — Uniararas, Araras, SP, Brasil.

SOILS
N° of indviduals pH O.M. P S K
P-value
0.6607ns 0.6607ns 0.6981ns 0.7235ns 0.4850ns 0.4471ns
Ca Mg H+Al CEC BS V%
0.0234* 0.2170ns 0.0208* 0.0012* 0.0212* 0.4413ns
B Cu Fe Mn /n Si
0.1505ns 0.2141ns 0.1884ns 0.0619ns 0.1238ns 0.0011%*

ns: non-significant *: significant at 5% (0.05) of probability according to F-test.
ns: ndo significativo *: significativo a 5% (0,05) de probabilidade de acordo com teste F.

Table 5. Average number of individuals and soil chemical attributes of the collection sites in the Arboretum at the Herminio
Ometto University Center - Uniararas, Araras, SP, Brazil.

Tabela 5. Numero médio de individuos e atributos quimicos do solo dos locais de coleta do Arboreto do Centro Universitario
Herminio Ometto — Uniararas, Araras, SP, Brasil.

SOILS
o e qe O.M. P S \%
Treatments N°. of individuals pH kg mg . dm® (ppm) %
Edge 30.00 A 520A 2722 A 11.00 A 3.70 A 52.00 A
Interior 26.00 A 522A 2536 A 10.11 A 340A 54.11 A
MSD 3 0.22 4.07 4.92 0.71 8.54
CV (%) 79 4.69 16.48 48.27 21.51 17.14
Ca Mg H+Al CEC BS K
Treatments
mmolc . dm?
Edge 16.30 B 5.50 A 20.70 B 4350 B 22.80 B 0.94 B
Interior 22.66 A 57A 26.20 A 59.10 A 3290 A 1.37A
MSD 4.92 0.95 4.23 9.78 10.01 0.34
CV (%) 36 18.15 19.22 21.51 38.26 31.51
B Cu Fe Mn Zn Si
Treatments
mg . dm>(ppm)
Edge 0.31A 0.57A 70.10 A 473 A 1.37A 823 A
Interior 042 A 0.69 A 93.55A 6.80 A 0.83 A 7.42 B
MSD 0.16 0.18 20.2 2.52 0.71 0.53
CV (%) 48.55 31.52 24.02 44.71 69.1 7.26

MSD: Minimum significant difference. Mean values in the column followed by the same letter do not differ at
the 5% probability level according to Tukey’s test.

DSM: diferenga minima significativa. Os valores médios na coluna, seguidos pela mesma letra, nao diferem ao nivel de
5% de probabilidade de acordo com o teste de Tukey.
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The F-test indicated that There were statistical
differences for the interior and edge plants differed
significantly in N, P, Cu, Fe, Si and DM (Dry Matter)
in the leaves; K, B, Cu, Fe and Mn in the pseudobulbs;
and for P in the roots. The P value found for the

roots and leaves was larger in the interior than in the
edge of the fragment; however, for the pseudobulbs
no statistical difference was found with respect to
the plants of the two areas of the studied fragment
(Table 6 and 7).

Table 6. Chemical analyzes performed for roots, stems (pseudobulbs) and leaves of Oeceoclades maculata collected in the
edge and interior plots of Arboretum at the Herminio Ometto University Center - Uniararas, Araras, SP, Brazil.

Tabela 6. Analises quimicas realizadas nas raizes, caules (pseudobulbos) e folhas de Oeceoclades maculata coletadas nas
parcelas da borda e interior do Arboreto do Centro Universitario Herminio Ometto — Uniararas, Araras, SP, Brasil.

Pot N P K — /ig Ca Mg Na B Cu ﬁ Mn  Zn msgl/L DM% MM
Edge
I 2456 402 3847 256 1408 617 - 1796 620 29180 9610 7445 830846 91.75 2594
2 2649 680 5147 202 922 705 - 2041 780 21610 6560 8746 8039.70 9253 1627
32055 221 3247 177 1052 829 - 2260 770 17350 41730 51.04 781095 9234 1445
S 4 2251 176 3047 219 1478 303 - 2024 860 14710 17830 6373 830846 9277 2130
S5 2176 129 3647 261 1655 319 - 2059 1120 11540 20410 5406 880597 9320 1643
6 2019 194 3547 181 1320 398 - 2190 1040 169.00 21280 3455 1029851 91.95 13.09
7 2156 234 3947 160 1288 472 - 2094 1060 14050 31510 5592 880597 91.65 14.86
8 2251 243 3347 168 1292 369 - 2155 960 17530 39410 59.83 8059.70 92.65 14.70
1 17.14 933 3947 303 1025 3.7 - 1945 800 18080 3380 73.13 14029.85 95.76 11.68
2 2573 1090 3147 324 1004 450 - 1936 640 10390 1930 429.97 2024876 90.88 138
2 3 2145 920 3147 223 641 420 - 1927 550 11760 4290 7582 1626866 93.87 108
S 4 2237 1126 1947 269 1156 283 - 1989 320 19420 3850 137.89 13283.58 9124 11.56
S5 1506 1166 2847 214 1341 289 - 1927 300 17520 2220 3780 1601990 90.78 11.90
£ 6 1604 760 2847 256 1352 253 - 2067 520 13160 2660 3143 2373134 92.16 11.04
7 1702 693 3247 223 894 370 - 2129 7.0 11730 2370 6594 2422886 9297 12.94
8 1649 755 2147 172 571 296 - 1892 560 14790 3580 7499 14776.12 9148 9.04
1 1823 655 2247 395 612 953 - 1831 2570 974330 39.80 19580 2174129 9520 16.35
2 2013 1252 2447 298 316 423 - 1629 3830 201320 11.00 8425 1726368 93.65 13.07
31296 624 2647 420 305 1546 - 1778 2430 463830 4480 7796 18507.46 94.07 14.70
54 1610 496 1747 277 364 837 - 1796 1740 280440 129.90 169.84 1751244 91.64 1345
&2 5 1434 416 2347 2856 581 936 - 1665 1870 2453.60 11740 3647 2920398 9241 18.61
6 1417 387 1547 202 194 1047 - 1708 1590 3107.00 27.70 2577 2273632 9241 13.10
7 1369 447 1947 252 283 2147 - 1743 1680 255030 3440 3208 2223881 91.56 1339
8 1655 433 2047 151 087 283 - 2041 1530 291810 39.00 36.14 15273.63 9329 1191
I 3133 1070 2147 227 1542 440 - 1919 520 29130 20270 16542 1228856 9397 15.73
o 2 2453 474 2447 227 1518 597 - 2181 510 33350 23210 4833 17761.19 9493 1622
8 3 2568 558 4447 235 1346 556 - 2041 940 25220 28940 8210 781095 9384 1595
4 2184 340 3947 214 1384 612 - 2085 570 39030 18820 49.97 9801.00 9445 1629
5 2778 853 2747 261 945 773 - 1989 450 41620 207.70 4937 15024.88 93.53 14.78
. 1 2982 1170 1747 328 975 376 - 1796 980 21740 6520 14246 1825871 93.03 1341
T2 2156 1203 2347 269 646 375 - 1980 880 14630 6390 8669 1651741 92.83 1275
S 3 2041 1079 1747 240 1422 448 - 1884 900 13680 6030 7757 1502488 9449 1034
4 1313 662 2347 261 810 418 - 1761 640 37280 3790 6769 1626866 91.74 974
5 1610 758 2347 248 932 371 - 1796 640 32820 3030 68.81 15024.88 9529 9.07
1 2167 942 1547 315 532 293 - 1516 3770 388250 3820 15418 1975124 95.16 15.56
_ 2 1960 742 2247 399 564 1322 - 1726 2660 593150 42.00 188.90 1950249 94.08 14.61
S 3 1845 1270 2447 353 015 466 - 1629 2300 908940 4850 16473 1975124 9296 14.19
4 1243 1206 1547 303 298 996 - 1638 17.10 6817.80 3720 6246 26965.17 9433 16.17
5 2531 11.84 1847 298 316 429 - 1770 50.10 5011.00 23.90 22773 1651741 93.13 13.25

Rev. Inst. Flor. v. 30 n. 1 p. 71-85 jun. 2018



78

SCOGNAMIGLIO, N.T. et al. Soil influence on spatial distribution of Oeceoclades maculata in reforested area.

Table 7. Value of the F-statistic performed for the root, stem and leaf chemical analyzes of Oeceoclades maculata collected
on the edge and interior of the Arboretum at the Herminio Ometto University Center - Uniararas, Araras, SP, Brazil.

Tabela 7. Valores da Estatistica F encontrados nas analises quimica das raizes, caules e folhas de Oeceoclades maculata
coletadas na borda e no interior do Arboreto do Centro Universitario Herminio Ometto — Uniararas, Araras, SP, Brasil.

Leaves
N P K S Ca Mg B
P-value
0.0371%* 0.0152* 0.2302 ns 0.1380 ns 0.7322 ns 0.3505 ns 0.6493 ns
Cu Fe Mn Zn DM MM Si
0.0136* 0.0007* 0.8539 ns 0.3349 ns 0.0001* 0.5107 ns 0.0142%*
PSEUDOBULB
N P K S Ca Mg B
P-value
0.6514 ns 0.7190 ns 0.0252 * 0.4265 ns 0.8087 ns 0.0947 ns 0.0180%*
Cu Fe Mn Zn DM MM Si
0.0212%* 0.0369* 0.009* 0.6034 ns 0.2658 ns 0.6082 ns 0.4471 ns
ROOTS
N P K S Ca Mg B
P-value
0.0848 ns 0.0085* 0.3923 ns 0.3110 ns 0.1478 ns 0.3252 ns 0.1115 ns
Cu Fe Mn Zn DM MM Si
0.1309 ns 0.1040 ns 0.3990 ns 0.0587 ns 0.1878 ns 0.6682 ns 0.9422 ns

ns: non-significant *: significant at 5% (0,05) of probability according to F-test.

ns: ndo significativo *: significativo a 5% (0,05) de probabilidade de acordo com teste F.

The Cu and Fe values found in the leaves
and pseudobulbs were larger within the fragment
than at the edge. For the roots, the analysis of these
elements did not reveal significance in any of the
environments studied (Table 6 and 7).

The DM had significant values in the analysis
of variance and presented higher value in the leaves
of the interior of the fragment when compared with
those of the edge (Table 6 and 7).

The value of Si in the leaves in the interior
was higher than in the edge, however, for pseudobulbs
and roots were not significant. In relation to K, Mn
and B the values found in leaves and roots were
not significant, however, the values found in the
pseudobulbs for K are larger at the edge than inside
the fragment, for the Mn, larger inside than the edge
(Table 6 and 7), and significant for B only for the F-test
(p <0.05) (Table 6). For DM, statistical significance
was only found for the leaves, and the plants present
at the edge of the fragment had the highest average
value for the analyzed variable (Table 6 and 7).
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4 DISCUSSION

The statistical non-significance observed
among the average number of individuals occurring
at the edge and inside the fragment and the occurrence
of few variables that correlate between the physical
and chemical attributes of the soil and the geospatial
pattern of the population analyzed demonstrate that
there is no direct influence of the edaphic characteristics
on the spatial distribution of Oeceoclades maculata.
This detection corroborates the claim that pioneer/alien
species are low demanding in relation to nutrition,
developing well in soils characterized by their low
availability of nutrients (Larcher, 2004). In addition,
for invasive orchids such as O. maculata and Sacoila
lanceolata (Aubl.) Garay, climatic conditions are the
main limiting factor for their expansion (Dubbern et al.,
2013; Piccoli et al., 2014), independent from the
edaphic characteristics of the invaded area, mainly
in physiognomies that present a history of intense
anthropic disturbance. In this aspect, it is observed
that native orchids can be affected as much as other
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vascular species by an invasive orchid (Vila et al.,
2011). Such an assertion is because O. maculata
threatens the diversity of terrestrial orchids from
invaded areas in Puerto Rico, where the abundance
of Wullschlaegelia calcarata Benth and Prescottia
stachyodes (Sw.) Lindl. was reduced in several
coexistence sites (Cohen and Ackerman, 2009).

Aggregate spatial distribution patterns, such
as those found for O. maculata, are the most common
among plants of different sinusiae (Hay et al., 2000;
Lima-Ribeiro and Prado, 2006). The verification of
such distributive pattern for the species was also
observed in the Restinga vegetation area located in
the city of Vila Velha, ES (Krahl et al., 2009) and
in a fragment of Semideciduous Seasonal Forest of
Cordeiropolis, SP (Dubbern et al., 2013).

Other species of Brazilian terrestrial orchids
are also shown with aggregate distribution, such
as: Mesadenella cuspidata (Lindl.) Garay in Mata
Ribeirinha de Santa Maria, RS (Budke et al., 2004),
Eltroplectris triloba (Lindl.) Pabst in Restinga de Vila
Velha, ES (Krahl et al., 2010) and S. lanceolata in a
Semideciduous Seasonal Fragment of Pirassununga,
SP (Piccoli etal., 2014). For Orchidaceae, it is known
that in several phytophysiognomies investigated in
Brazil, such a pattern of distribution is commonly
found, which is mainly determined by the seminal
characteristics of the family (Budke et al., 2004;
Piccoli et al., 2014).

In general, the spatial pattern of species is
defined by the way their seeds are dispersed, and for
orchids, which are anemochoric plants; a random
distribution pattern would be expected (Nathan and
Muller-Landau, 2000; Chung et al., 2004). However,
seed allocation at favorable sites has been shown to
be the most influential factor in the distribution to the
detriment of the dispersion syndrome (Jacquemyn et al.,
2007; Phillips et al., 2011). Thus, for such plants, the
establishment of new seedlings through germination is
crucial for the maintenance of specimens at different
stages of development and, consequently, for the
survival of the species (Jersakova and Malinova, 2007).
However, in this family, germination depends on the
presence of mycorrhizal fungi responsible for embryo
nutrition in the early stages of development (Rasmussen,
2002). Due to this relationship, mycorrhizal fungi also
show aggregate distribution along the orchid habitats
(Dubbern et al., 2013; Piccoli et al., 2014). Thus, the
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greatest abundance of fungi is usually found near
mature plants (Batty et al., 2001; Otero et al., 2004;
Diez, 2007), although under normal circumstances such
fungi are susceptible to the independent distribution
of orchids (Feuerherdt et al., 2005).

Sites endowed with favorable soil conditions
are predominant in the density and growth of mycorrhizal
fungi (Ettema and Wardle, 2002) and, consequently,
in the germination of orchid seeds (Batty et al., 2001;
Diez, 2007; Phillips et al., 2011), leading to the creation
of sites with favorable environmental conditions
for the development of both. However, there is no
information on the mineral nutrition of orchid species
in natural and/or reforested areas and their influence
by mycorrhizal fungi (Pedroso-de-Moraes, 2000).

The statistical non-significance found for
the average number of O. maculata occurring on the
edge and inside the fragment is one more indicative
of the adaptive capacity of the species. However,
numerically, it has been found that a greater number
of individuals occurring on the edge than inside
the fragment. This density is possibly directly
related to the predilection of the species by natural
areas characterized as heliophytes (Dubbern et al.,
2013) and well drained soils (Pedroso-de-Moraes,
2000) differently from the interior of the fragment
characterized as a more clayey area compared to the
edge, and therefore more humid (Stencel et al., 2016).
Concerning its habit, O. maculata is also described as
a humiculous terrestrial orchid (Menini Neto et al.,
2004a), and is frequently found in the middle of the soil
litter (Pedroso-de-Moraes, 2000), a fact corroborated
by the correlation between OM, the edge of the
fragment and the spatial distribution of the species.
In addition to the physical characteristics of the soil,
there is a tendency of the species to occupy sandy
soils, as it can be observed in restingas (Krahl et al.,
2009), Cerrado (Brazilian Savanna) (Batista et al.,
2005) and Caatinga (Semi-Arid Brazilian Savanna)
(Aratjo et al., 2005), a fact that can be related to the
African origin of the species, a continent with sandy
soils (ISRIC, 2014).

In the meantime, in relation to soil chemical
attributes and root, stalk and leaf tissue analyzes, it
was observed that for O. maculata the P for the edge
of the fragment and V% for the interior influenced
the spatial distribution of the species.
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With respect to P, it is known that orchids
need in abundance such element to carry out the
germinative phenomenon (Pedroso-de-Moraes, 2000).
Once again, as previously mentioned, the importance of
mycorrhizal fungi for seed germination of the species
is noticed, since one of the benefits received by orchids
in association with such organisms is the increase
in the availability of N and P and consequently the
increase of DM values for the aerial part (Bressan et al.,
2001), as found for the leaves of O. maculata on the
edge of the fragment. Furthermore, the effect of P
on the efficiency of mycorrhizal fungi in dry matter
production has been described in different works, in
different situations (Paula and Siqueira, 1987; Saggin
Junior etal., 1995). These studies demonstrated that low
P rates increase the mycorrhization and mycorrhizal
fungi efficiency in promoting increase in dry matter;
however, high doses of this nutrient negatively affect
mycorrhization and dry matter production, especially in
soybean cultivation (Bressan et al., 2001). For orchids
in general, the rate of incorporation of phosphate ions
depends on the genotype and is proportional to the
growth rate of the culture in seedlings grown in vitro
(Cunha et al., 2011).

Furthermore, as previously explained, a
greater amount of clay was found inside the fragment,
which is directly related to the correlation found for
V% for this area studied. Clay colloids are small-sized
soil particles that have surface charges which can
retain nutrients (ions) in an exchangeable way. Thus,
the clays have a specific exchange surface and are
the main colloids responsible for the cation exchange
capacity (CEC) of the soils under tropical conditions.
The adsorption of cations occurs mainly due to the
greater number of negative charges of these colloids
(Ronquim, 2010) and it’s an important feature when
it relates to the nutrition of orchids, which have
slow metabolism (crassulacean acid metabolism)
(Galdiano Junior et al., 2013), and therefore require
higher amounts of macro and micronutrients for
their full development (Pedroso-de-Moraes, 2000),
not necessarily showing, as observed in this work,
a direct relationship between these elements and the
species distribution.

The total amount of cations retained
in clayable colloids capable of being exchanged
(Ca* + Mg** + K" + H" + AI’") corresponds to the
cation exchange capacity (CEC) of a soil. The essential
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cations are Ca?, Mg*" and K" and if a soil is occupied
by them then it can be considered a well nourished soil
for the plants. In the case of the fragment studied, the
interior is more fertile than the edge. In other forest
systems this is due to the greater nutrient cycling that
occurs inside the forest when compared to its edge
(Redding et al., 2003).

The sum of exchangeable bases
(BS = Ca* + Mg* + KY) of a soil represents the
sum of the interchangeable cations contents, except
H" and AI*". Basal saturation (V%) is represented by
the sum of exchangeable bases expressed as percentage
of cation exchange capacity (V% = 100 * BS/ CEC)
(Ronquim, 2010). The contents found in the work
indicate that the studied soil is dystrophic (not very
fertile), since the contents previously mentioned are
in low values.

For orchids, N fixation, which is one of
the main essential nutrients for plants, depends
on the associations with mycorrhizal fungi, on the
environment conditions and on some mineral elements
that are closely involved: Mo, Fe, Co, Mg, P, S and Cu
(Gebauer and Dietrich, 1993; Schulze et al., 1994).
The essentiality of N and P is conditioned in the
structures of compounds that form amino acids and
proteins, nucleic acids, coenzymes, carbohydrate
esters and phospholipids, and also in processes that
develop as ionic absorption, photosynthesis, respiration,
cellular multiplication and differentiation, inheritance,
storage and transfer of energy (Malavolta et al., 1997).
Thus they are in constant movement and are the most
readily redistributed elements, which corroborate the
N and P contents that show predominantly normal to
high values for O. maculata in both microhabitats of
the studied fragment.

Standing out as the second most absorbed
nutrient by plants (Vilela et al., 2004), potassium was
found in the present work at normal levels for the
leaves and normal to low levels for the pseudobulbs
and roots of both microenvironments of the fragment,
implying an increase in DM and indicating higher
productivity at high levels.
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Micronutrients also have their essentiality
in plant life. Cu and Fe are found in the structures
of proteins and glycoproteins, in the processes of
photosynthesis, respiration, hormonal regulation,
metabolism of secondary compounds and in the
fixation of N (Malavolta et al., 1997). Fe exerts its
functions through enzymes and in its acquisition
processes this is mobilized in the root apical zones
for different physiological strategies (Romheld, 1987;
Marschner, 1995); in this sense the results obtained for
this nutrient in the roots of the fragments corroborate
the assertion, since the values are very high compared
to normality.

In turn, manganese is an important
micronutrient for photosynthesis (its deficiency
can alter the structure of chloroplasts), important
in ionic absorption, respiration, hormonal control,
protein synthesis and increase in resistance to
pests, as it participates in the synthesis of lignin,
constituting a physical barrier to the entry of pathogens
(Malavolta et al., 1997). The association with
mycorrhizal fungi in corn crops results in lower Mn
acquisition, and this was verified because of a lower
activity in the reduction of Mn by the rhizosphere
(Kothari et al., 1990; Posta et al., 1994). The present
work shows similar results for O. maculata, where
the contents of this nutrient are found in low levels of
concentration in the roots and pseudobulbs, mainly
on the edge of the fragment.

The benefits conferred by silicon to plants
are due to their contribution in structuring the cell
wall of roots and leaves where it is accumulated, and
then solidified, becoming immobile, which helps limit
water loss by transpiration, to promote its growth and
protection (Epstein, 1999). Therefore, this element
does not have a defined metabolic role in the plants
and its action causes indirect effects, which together
contribute to a higher productivity (Malavolta et al.,
1997). The present study agrees with this assertion,
since the contents of Si corroborate with the increase
of DM at the edge of the fragment. This finding is
also supported by the notable increase in leaf size of
Phalaenopsis Blume in in vitro cultures with different
concentrations of calcium silicate (Zhou, 1995),
because Si is involved in the structure of the cell
walls and its capacity to expand allows the increase
of cell width (Gunes et al., 2007).
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According to Malavolta (2006), boron is
known to present deficiency in several crops being
absorbed by the plants as undissociated boric acid
(H,BO,). However, it is unclear how this happens,
whether actively or passively. Nevertheless, such
acid competes with Zn for transport. The B has
important function in the meristematic growth, in the
metabolism of carbohydrates, phenols and callose,
in cell membranes and in the synthesis of hormones
(Malavolta et al., 1997). The content of this nutrient
for the work corroborates the previously mentioned
assertion, where the values of B present low levels
in all plant tissues for both fragments and in contrast
Zn presents with normal to high levels in the tissues
in both microhabitats.

5 CONCLUSION

Oeceoclades maculata has an aggregated
distribution pattern in our study area. Considering that
O.M. and P with moderate and high positive correlation
for the edge, respectively, and V% with a median
positive correlation to the interior have shown, among
all attributes analyzed, spatial distributive influence.
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