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ABSTRACT — The objective of this study was to analyze the spatial distribution of the attributes that determine
the physiological quality of Joannesia princeps seeds. Seeds were collected, individually from, 40 mother plants
in the Horto Florestal Municipal Laerth Paiva Gama, in Alegre-ES, which constituted the georeferenced sampling
mesh. For germination, the seeds tegument was cracked and was held the imbibition in gibberellic acid GA,
500 mg L-! for 24 h in environmental chamber with temperature adjusted to 30 °C. The seeds were sown
in plastic bags of = 600 cm? containing soil+sand+manure in the proportion of 1:1:1. On the 65" day after
sowing, the following variables were analised: emergence (E), emergence speed index (IVE), root length (CR),
diameter of base (DC), shoot length of the aerial part (CPA), fresh mass of the root system (MFSR), fresh
mass of the aerial part (MFPA), dry mass of the root system (MSSR) and dry mass of the aerial part (MSPA).
Data were subjected to descriptive statistics, geostatistics and kriging. With the exception of CPA and MFSR,
it was found spatial dependence for the other studied variables: E, IVE, CR, DC, MFPA, MSSR e MSPA; varying
of 14,0 a 47,5 m, so that the lowest range for the CR and longer range and degree of spatial dependence
for the IVE. The analysis of the spatial distribution of the physiological quality of seeds of J. princeps can
be used as a tool to define the sampling region of seeds with high and low vigor.

Keywords: Cutieira; Physiological potential; Geoestatistics.

DISTRIBUICAO ESPACIAL DA QUALIDADE FISIOLOGICA DE SEMENTES DE
Joannesia princeps Vell.

RESUMO — Objetivou-se analisar a distribuicdo espacial dos atributos que determinam a qualidade fisiologica
de sementes de Joannesia princeps. As sementes foram coletadas, individualmente, de 40 plantas matrizes
no Horto Florestal Municipal Laerth Paiva Gama, em Alegre-ES, que constituiram a malha amostral georreferenciada.
Para a germinagdo, as sementes tiveram o tegumento trincado e foi realizada a embebi¢do em solugdo de
acido giberélico GA, 500 mg L' durante 24 h em cdmara tipo BOD a 30 °C. A semeadura foi realizada
em sacos plasticos de + 600 cm? contendo terra+tareia+esterco na propor¢do de 1:1:1. No 65°dia apds a
semeadura foram avaliadas as seguintes variaveis: emergéncia (E), indice de velocidade de emergéncia (IVE),
comprimento da raiz (CR), didmetro do coleto (DC), comprimento da parte aérea (CPA), massa fresca do
sistema radicular (MFSR), massa fresca da parte aérea (MFPA), massa seca do sistema radicular (MSSR)
e massa seca da parte aérea (MSPA). Os dados foram submetidos a andlise estatistica descritiva, geoestatistica
e interpolagdo por krigagem. Com excec¢do do CPA e da MFSR, verificou-se dependéncia espacial para as
demais variaveis estudadas: E, IVE, CR, DC, MFSR, MFPA, MSSR e MSPA; com alcance variando de 14,0
a 47,5 m, sendo o menor alcance obtido para o CR e o maior alcance e grau de dependéncia espacial para
o0 IVE. A analise da distribui¢do espacial da qualidade fisiologica de sementes de J. princeps pode ser utilizada
como uma ferramenta para defini¢do da regido de amostragem de sementes com alto e baixo vigor.

Palavras-chave: Cutieira; Potencial fisiologico; Geoestatitica.
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1. INTRODUCTION

A growing global demand for natural resources
due to economic expansion has reduced native forests
to small fragments, promoting ecological imbalance.

In this context, recovering degraded ecosystems
and restoring them to their original state, through plant
succession, is one of the greatest challenges in the
present time. Additionally, throughout the process of
implantation, revitalization and forest formation,
nurserymen should use methods and techniques that
focus on the seedlings quality improvement (Caldeira
etal., 2012).

Growing plants from seeds is one of the most used
methods of propagating species when it comes to the
production of seedlings and the establishment of sowing
areas. In addition, generating information about the
physiological potential of seeds becomes substantial,
since this practice can speed up the secondary succession
processes and, consequently, reduce the vegetation
formation time (Duboc, 2005). As reported by Popinigis
(1985), the physiological quality of seeds considers
its physical, genetic, physiological and health
characteristics, which are responsible for the seeds
ability to originate highly productive seedlings.

Joannesia princeps Vell. known as cutieira, boleira
and anda-assu, is in Euphorbiaceae family. It is an endemic
tree species of Brazil, spread in the North, Northeast
and Southeast regions, mainly in the Amazon, Caatinga
and Atlantic Forest (Cordeiro et al., 2013). Its seeds
contain around 37% of oil, which is useful for industrial
and medicinal purposes (Silva and Lemos, 2002). This
oil has purgative properties and it is able to replace
linseed oil in paintings (Sousa et al., 2007). According
to Santos et al. (2009) the oil that is extracted from
the arara nut-tree seeds might be an alternative for
the production of biodiesel, therefore, it is a renewable
energy source and entirely ecologically viable.

As stated by Amaral et al. (2013), spatial
conditioning of natural phenomena often occurs along
a variation between neighbors. This indicates that the
variations do not occur in a random way, which means
that these variations highlight some degree of spatial
dependence. The geostatistical analyzes are based on
the theory of regionalized variables (Isaaks and Srivastava,
1989). They are executed by the semivariogram adjustment
and work in function of the degree of spatial dependence
(DSD) presented by the variable of interest (Sousa
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etal., 2004). Thus, these analyses allow the identification
of regions with higher physiological potential seed
lots.

As a result of these facts, the aim of this work
was to verify if there is any degree of spatial dependence
when considering the physiological quality of J. princeps
seeds. Also, we focused on analyzing and representing
the spatial variability of these variables through thematic
maps. We used geostatistics, specifically the ordinary
kriging method, to estimate what occurs in non-sampled
sites within the studied area.

2. MATERIALAND METHODS

The collection of J. princeps seeds happened at
a protected area named Laerth Paiva Gama, in Alegre
- Espirito Santo, located at coordinates 20°46°04.41
“Sand 41°32°59.59" W.

In this area, we built a mesh of 40 sample points:
in each point there was a mother plant, from which
fruits were collected so the seeds could be extracted.
The topographic survey was performed with a high
precision geodesic GPS and a total station. The fruits
were collected immediately after physiological maturation.
Then, they were allowed to dry at room temperature
and also in an oven with air circulation set at 30° C
until dehiscence started (Brasil, 2009). The seeds were
manually extracted using a lathe.

In the Seed Analysis Laboratory of the Plant
Production Department of the Agricultural Sciences
Center of the Federal University of Espirito Santo (CCA-
UFES), the seeds had their tegument cracked and were
submitted to imbibition for 24 hours. GA level was,
(500 mg L"). The imbibition was performed in B.O.D.
incubators. The temperature was set to 30° C, according
to the methodology proposed by Beltrame et al. (2014).
Subsequently, in a greenhouse, we performed an
emergence test with the sowing of one seed per black
polyethylene bag, containing approximately 600 cm?
of substrate composed of soil+sand+chicken manure
in a proportion of 1: 1: 1, respectively. The chemical
analysis of the substrate is shown in Table 1. The
experiment was conducted in a completely randomized
design with four replications of 25 seeds.

Watering was performed whenever the substrate
moisture had less than 80% of the field capacity, which
was previously determined in the laboratory. The number
of emerged seeds was verified daily until it would become
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Table 1 — Chemical analysis of the substrate.
Tabela 1 — Andlise quimica do substrato.

pH P K Na Ca Mg

Al H+AI SB t T Vv m

H,O mg dm-
6.05 7.27 175 4.0 1.55 0.8

cmol  dm~?
0.0 0.83 2.81 2.81 3.64

cmol  dm™ %
77.31 0.0

Legend: t = CTC

effective”

constant. That occurred on the 21st day after sowing.
Thus, the emergence speed index (ESI) was calculated,
according to Maguirre (1962): ESI=X (N + N,... N/
D, +D,...D), inwhich N+ N,... N, is the number of
seeds that emerged on the first time they were counted,
second time ... last time, respectively; D, + D,... D,
is the number of days in the first time they were counted,
second time ... last time, respectively. On the 65th day
after sowing we evaluated: root length (RL), shoot
diameter (SD), aerial part length (APL), aerial part fresh
and dry matter (APFM and APDM) and root fresh and
dry matter (RFM e RDM) of normal seedlings (Brasil,
2009). Root length and aerial part length were measured
using a millimeter ruler. Shoot diameter was measured
with a digital caliper. To evaluate the dry mass, the
seedlings were placed in Kraft paper bags and kept
in a forced air circulation oven at 80° C for 72 hours.
Acerial part fresh and dry matter and root fresh and
dry matter were determined in a scale with an accuracy
0f0.0001 g.

Geostatistical analysis was performed, considering
the aforementioned attributes that characterize the seeds
physiological quality, to verify the degree of spatial
dependence. David’s intrinsic stationarity hypothesis
(1977) was assumed. Subsequently, the semivariance
of each variable under study was calculated according
to equation 1, which enabled the elaboration of
semivariograms (Lima et al., 2009).

N(h) 2
5h) = ﬁ(h) Szt 26+ )] Eql

7y (h) is the semivariance, Z(xi) - Z(xi + h) are
the pairs of measured values separated by a vector “4”, N ( h )
is the number of pairs of values separated by a direction vector
“h”, which informs the values as a function of distance, xi

is a spatial position of the “Z” variable being studied.

Semivariogram modeling and its validation were
performed according to the variation of the data. The
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; T=CTC,,.; V= Saturation by bases (%); and m = Percent saturation by Al.
pH7

criteria for fitting and selecting the best model (linear,
spherical, exponential or Gaussian) were: the coefficient
of determination (R?), the sum of squared residuals
(SSR) and the cross-validation using the correlation
coefficient (observed values versus estimated values).

The semivariogram defined the following parameters:
nugget effect (C,), which corresponds to the intersection
value in the semivariance axis; range (C,+C),
approximately equal to the value of the data variance;
sill (S), which is the value that the semivariogram model
attains at the range and the spatial dependence distance
between the samples, according to Vieira et al. (1983),
and the degree of spatial dependence (DSD). The degree
of spatial dependence (DSD) was calculated by [C/
(C,+0)]100, according to criteria determined by
Cambardella et al. (1994), which establishes that spatial
dependence is strong if (DSD <25%); moderate if (25%
<DSD <75%); and weak if (DSD> 75%). For the attributes
that showed proven spatial dependence, the interpolation
was performed by ordinary kriging, so the variables
values in non-sampled locations with minimal variance
for the construction of the thematic maps could be
estimated.

The descriptive statistical analysis was obtained
with the help of Statistica software and the data were
submitted to Shapiro-Wilk test and to an analysis of
variance (ANOVA). Geostatistical analyses and
interpolation methods were performed in GS software*
(Robertson, 1998) and the images were processed in
ArcGis software 10.0.

3. RESULTS

The descriptive statistical analysis of the data
that characterized the physiological quality of Joannesia
princeps is show in in Table 2. Emergence (E), emergence
speed index (ESI), root length (RL), shoot diameter
(SD), aerial part length (APL), root system fresh matter
(RSFM), aerial part fresh matter (APFM), root system
dry matter (RSDM) and aerial part dry matter (APDM)
were the variables taken into consideration.

Revista Arvore. 2017;41(4):e410410
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Table 2 — Descriptive statistics for the studied variables of Joannesia princeps.
Tabela 2 — Estatistica descritiva das varidaveis estudadas de Joannesia princeps.
Variables Principais Estatisticas
Mean s s? Minimum Maximum CV (%) Cs Ck
E 70.6 10.74 115.32 49.0 91.0 15.21 -0.22 -0.85
IVE 11.21 1.48 2.19 7.6 13.55 13.20 -0.27 -0.15
CR 12.55 1.16 1.35 9.65 15.10 9.24 -0.07 0.23
DC 0.92 0.05 0.0025 0.85 1.02 5.43 0.21 -1.11
CPA 67.67 4.06 16.46 56.65 74.49 5.99 -0.81 0.56
MFSR 3.55 4.50 20.23 1.51 23.17 126.7 3.48 11.51
MFPA 44.81 6.35 40.31 30.49 55.85 14.17 -0.29 -0.17
MSSR 0.327 0.07 0.0055 0.12 0.48 21.40 -0.32 0.63
MSPA 5.10 1.00 1.00 2.07 6.80 19.6 -0.84 1.33

According to Table 2, the variables that obtained
the lowest values of standard deviation were ESI,
RL, SD,RSDM and APDM (1.48, 1.16, 0.05,0.07, and
1.0, respectively). APL, RSFM and APFM assumed
medium values. E presented the highest standard
deviation (10.74) (Table 2), which indicates a high
dispersion of the data collected in relation to the mean.

When regarding the coefficient of variation (CV),
which evaluates the dispersion of the data around the
mean (Landim, 2003), in Table 2, we took the classification
proposed by Warrick and Nielsen (1980) in consideration:
low values are those that are < 12%; medium values
are 12% < CV <60% and high values are CV> 60%.
Given this, we observed that RL, SD, APL variables
were within the low CV range, while the variables E,
ESI, APFM, RSDM and APDM were within the medium
CV range. However, for RSFM variable, CV is classified
as high.

Furthermore, when we deem the asymmetry
coefficient (Cs), which corresponds to a distance from
the variable in relation to a central value, it can be
noticed that the distribution was only positive for the
RSFM variable (3.48) (Table 2), due to the fact that
the mean was greater than the median. That characterizes
an asymmetric distribution to the right. Then again,
for the other analyzed variables, Cs assumed negative
values, which characterizes an asymmetric distribution
to the left. That indicates a higher concentration of
data above the mean. When analyzing the kurtosis
coefficients (Ck) (Table 2), it can be observed that the
variables E, ESI, SD and APFM indicate a platykurtic
distribution, while RL, APL, RSFM, RSDM and APDM
show a leptokurtic distribution.

The results of J. princeps spatial analysis, according
to geostatistical methodology, are shown in Table 3.
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Variables E, RL, APFM and APDM were adjusted
to the spherical model; ESI, SD and RSDM to the Gaussian
model; APL and RSFM presented pure nugget effect.
Variables E, RL, SD, APFM and APDM reached similar
ranges of spatial dependence: 20.0; 14.0; 23.0; 16.0
and 29.0 m (Table 3); respectively. That indicates a
pattern. Correspondingly, ESI and RSDM also have
similar spatial patterns, with ranges of47.5 and 47.0
m, respectively. Gaussian model was used (Table 3).

The semivariograms for the variables (E, ESI, RL,
SD, APL, RSFM, APFM, RSDM and APDM) that
characterize the physiological quality of J. princeps
are shown in Figure 1.

The degree of spatial dependence (DSD) was
strong for RL, SD and APFM variables (6.1, 17.2 and
0.1, respectively) (Table 3) and moderate for E, ESI,
RSDM and APDM. The coefficient of multiple
determination (R?) varied from 58.5% (E) to 98.2%
(APFM), (Table 3).

The definition of semivariograms models and
parameters made it possible for us to perform the
interpolation using ordinary kriging in order to create
thematic maps of E, ESI, RL, SD, APL, APFM, RSDM
and APDM variables (Figure 2).

It was observed in Figure 2 A that the highest values
of emergence were obtained in the eastern region
(between 7701430 and 7701460 m latitudes) of the study
area: they went from 81 to 91%. The lowest E values
are in the West: from 49 to 60%. Therefore, seedlings
emergence shows a pattern of spatial dependence in
relation to western and eastern regions. The lowest
ESI values are found in the upper North region of
the study area. Values range between 5.75 and 8.00
(Figure 2B). However, ESI highest proportion in the
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Table 3 — Parameters and models of semivariograms scaled adjusted for the studied variables that characterize the physiological
quality of the seeds of Joannesia princeps.
Tabela 3 — Parametros e modelos dos semivariogramas escalonados ajustados para as varidveis que caracterizam a qualidade
fisiologica das sementes de Joannesia princeps.
Parameters and models of semivariograms

Variables

Model C, CHC a (m) R? (%) GDE (%) SQR
E Spherical 0.5 1.1 22.0 58.5 44.5 1551.0
IVE Gaussian 0.6 1.2 47.5 78.5 50.0 1.79
CR Spherical 0.1 1.3 14.0 59.0 6.1 0.46
DC Gaussian 0.3 1.6 23.0 79.6 17.2 0.0
CPA Pure nugget effect 1.0 1.0 - - - -
MFSR Pure nugget effect 1.0 1.0 - - - -
MFPA Spherical 0.002 1.5 16.0 98.2 0.1 54.6
MSSR Gaussian 0.6 1.3 47.0 83.4 43.4 0.0
MSPA Spherical 0.3 1.2 29.0 60.8 26.2 0.24

Legend: E = emergency (%); IVE = speed index emergency; CR =root length (cm); DC = diameter of the base (mm); CPA = shoot length
(cm); MFSR = fresh mass of the root system (g planta™); MFPA = fresh mass of shoot (g planta’'); MSSR = dry mass of the root system
(g planta); MSPA = dry mass of shoot (g planta™'); EPP = pure nugget effect; C = nugget effect; C +C = baseline; a = range; R? = coefficient
of determination of the semivariogram; GDE = degree of spatial dependence (C/ C +C); and SQR = sum of squares of residuals.

map shows values between 10.01 and 12.00 (Figure 2B). 6.01 to 7.50 g (Figure 2G). These last values may be

The highest values are distributed irregularly, found in isolated points in East and Upper East.
concentrated at some points in the area. In spite of
that, it was still possible to observe a spatial dependence 4. DISCUSSIONS

pattern regarding ESI growth from the North to the

The descriptive statistical analysis confirmed
South of the study area.

normal data distribution for most of the variables that

As displayed in Figure 2C, the mean RL value characterize the physiological quality of Joannesia
showed spatial dependence in which values between princepsseeds. Normal data distribution was confirmed
12.01 and 14.00 cm were predominant. They were by the fact that the mean and median values are close.
distributed throughout the whole map area. Although Also, asymmetry (C)) and kurtosis (K ) coefficients
the highest concentration of points with the highest approach zero. That all happens for all variables, except
CR values were in the central part of the studied for root system fresh matter (RSFM). These results

area. Figure 2D exhibits SD spatial distribution: values were confirmed by Shapiro-Wilk test.
between 0.91 and 0.95 mm may be found everywhere
in the study area. Conversely, values between 0.96
and 1.00 mm are found in the central and eastern region

The magnitude of the coefficient of variation (CV)
might elucidate the variability of an attribute. In general,
according to the classification proposed by Warrick
of the map. and Nielsen (1980), the CV_that were obtained in this

Mean RSDM values are in almost all over the study were classified as low, medium and high. On
area: 0.34 and 0.44 g (Figure 2E). At the same time, the other hand, the CV is considered high only for
RSDM values between 0.23 and 0.33 g are clustered RSFM variable, which indicates low data dispersion
in the central area (Figure 2E). Still, in upper East, RSDM for all the other studied variables. E, ESI, SD and APFM
values range from 0.45 to 0.55 g (Figure 2E). presented platykurtic distribution, while RL, APL, RSFM,
RSDM and APDM exhibited leptokurtic distribution
with positive K_. That indicates data concentration
around the mean.

Aerial part fresh matter (Figure 2F) values go from
40.01 to 50.00 g throughout the entire study area. However,
APFM values ranging from 50.01 to 60.00 g were obtained

at isolated points in the North, Northeast, East and When analyzing Table 3, it was observed that 33.33%
South of the studied area. APDM values are between of the variables adjusted to the Gaussian model and
4.51 and 6.00 g (Figure 2G) in almost the whole map. 44.44% to the spherical model. Approximately 22.23%
In the Center-West values are between 3.01 and4.50 g of'the variables did not adjust to any model in consonance

(Figure 2G). In the southern region of the map, there with the sampling mesh we adopted: they presented
is a higher concentration of APDM values that go from pure nugget effect. APL and RSFM showed no spatial
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Figure 1 — Semivariograms for the variables that characterize the physiological quality of the seeds of Joannesia princeps.
A) emergence. B) speed index emergence. C) root length. D) collar diameter. E) fresh weight of shoot. F) shoot
dry mass and G) root dry mass. The x axis corresponds the distance. in meters. and the y-axis are the values
of semi variances (%?).

Figura 1 — Semivariogramas para as varidveis que caracterizam a qualidade fisiologica das sementes de Joannesia princeps.
A) emergéncia, B) indice de velocidade de emergéncia, C) comprimento da raiz, D) didmetro do coleto, E)
massa fresca da parte aérea, F) massa seca da parte aérea e G) massa seca do sistema radicular. O eixo x
corresponde a distdncia, em metros, e o eixo y os valores das semivardancias (%°).
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Spatial analysis of the MSSR of Joannesia princeps
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Spatial analysis of the MFPA of Joannesia princeps
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Figure 2 — Thematic map of the variables that characterize the physiological quality of the seeds of Joannesia princeps:
A) emergency = E. B) speed index emergency =IVE. C) root length = R. D) collar diameter = DC. E) root dry
mass = MSSR. F) fresh weight of shoot = MFPA and G) shoot dry mass = MSPA.

Figura 2 — Mapas tematicos das variaveis que caracterizam a qualidade fisiologica das sementes de Joannesia princeps:
A) emergéncia = E, B) indice de velocidade de emergéncia = IVE, C) comprimento da raiz = CR, D) didmetro
do coleto = DC, E) massa seca do sistema radicular = MSSR, F) massa fresca da parte aérea = MFPA e G)
massa seca da parte aérea = MSPA.
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dependence for distances greater than the lowest
sampling, suggesting that the samples may be
independent. When studying the physiological quality
of Coffea arabica L. seeds, Lopes et al. (2014) also
used spherical and Gaussian models, which confirm
their importance for the spatial distribution of plant
parameters. Ferraz et al. (2017) also adopted the spherical
model to describe the spatial distribution of some specific
attributes, such as C. arabica. yield, maturation index
and crown diameter.

We could verify C jvalues for 77.78% of the studied
variables (E, ESI, RL, SD, APFM, APDM and RSDM).
Besides indicating spatial dependence, this fact
demonstrates that the sampling performed in this work
was effective in determining the variability component
within the studied area. Vieira et al. (2009) reported
that Cis the explained variance due to errors in the
distribution or variations of the variables that can not
be detected with the sampling.

Variables E, RL, SD, APFM and APDM display
a similar spatial pattern: their values for spatial
dependence go from 14 to 29 m. As well as EST and
RSDM, with 47.5 and 47.0 m ranges, respectively (Table
3). The definition of the spatial dependence values
allows us to distinguish correlated samples. According
to Lima et al. (2014), samples that were collected from
a distance that is smaller than their range are correlated
to each other. That permits the interpolation for spaces
that are smaller than the ones adopted in the sampling.
The obtained spatial dependence ranges directly influence
the estimates quality, since they determine the number
of neighbors used in the interpolation. Thus, estimates
made with interpolation by ordinary kriging, using larger
range values, tend to be more reliable, since they
work with larger numbers of neighbors. In that way,
these estimates are able to present maps that better
represent reality (Cora et al., 2004).

The degree of spatial dependence (DSD), classified
as strong for RL, SD and APFM (DSD <25%), moderate
for E, ESI, RSDM and APDM (25% < GDE < 75%)),
according to Cambardella et al. (1994), suggests: greater
continuity of the phenomenon, lower variance of the
estimate and greater reliability on the estimated value
(Lima et al., 2006). That means that the correlations
between the values observed and estimated by the
cross validation, using ordinary krigring, are significant.
On the other hand, as reported by Kitamura etal. (2007),
alow correlation or alow DSD between any two variables

SIIF

do not invalidate the hypothesis of spatial correlation
between them. Additionally, because the multiple
determination coefficients (R?) presented values higher
than 50%, with a minimum of 58.5% (E) and a maximum
0f 98.2% (APFM) the estimated values were obtained
with a greater reliability by the ordinary kriging
interpolation method, in consonance with Azevedo
(2004).

The construction of E, ESI, RL, SD, APL, APFM,
RSDM and APDM thematic maps (Figure 2) using
ordinary kriging can contribute to two points: an
understanding of the spatial distribution pattern of
J. princeps seeds physiological quality, and the
distinction between regions of high vigor and low vigor,
when considering seed collections. The last point is
mentioned by Lopes et al. (2014) when analyzing C.
arabica seeds. Seed vigor can be understood as the
energy that the seed has in order to perform the
germination process tasks (Carvalho and Nakagawa,
2012).

These variables generate valuable information for
the formation of a stand with normal and vigorous
seedlings. They are a sign of better physiological seed
quality (Marcos Filho, 2005). Silva et al. (2010) reported
that knowing the spatial variability of soil and plant
properties may have positive effects on crop yield,
since small changes in management may generate different
responses.

Information about the spatial distribution of seed
vigor may enable the development of strategies for
J. princeps seed collection in regions where there is
a higher concentration of mother-plants, from which
seeds present higher physiological quality, since there
is spatial dependence for most of the studied variables.

5. CONCLUSIONS

There is spatial dependence for emergence,
emergence speed index, root length, shoot diameter,
aerial part fresh matter, root system dry matter and
aerial part dry matter.

There is no spatial dependence when regarding
aerial part length and root system fresh matter.

The extent of spatial dependence varies from 14.0
to 47.5 m.

The analysis of the spatial distribution of the
physiological quality of J. princeps may be used as

Revista Arvore. 2017;41(4):e410410
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atool to define the regions where there are high vigor
seeds and low vigor seeds.
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