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Abstract

Considering the growing demand for seed production and seedlings for forest restoration, addressing the implica-
tions of landscape changes regarding germination of native species becomes of great value for directing seed
collections. The objective of this study is to evaluate the influence of seed collection environment on germination
and biometry of fruits and diaspores of Bowdichia virgilioides. Fruits were collected in two forest fragments with
distinct characteristics (forest |, open canopy; and forest Il, closed canopy), and in isolated trees in pastures. Fruit
and seed biometry of the three collection environments was carried out, and a germination test was conducted in
a completely randomized design with three treatments (forest I, forest Il, and open area) and twenty replicates.
Collection site, and therefore changes in forest cover, influences the biometry of fruits and seeds, resulting in
lighter seeds and fruits with a smaller size in the fragment with a recent history of disturbance (forest ), as well as
the vigor of diaspores of Bowdichia virgilioides. Seeds from forest | expressed a greater vigor, while seeds from
the pasture area presented a higher propensity to death and formation of abnormal seedlings. For the production
of seedlings and commercialization of seeds for forest restoration, the environment of origin of seeds should be
taken into account. It is not recommended to use lots of seedlings from Bowdichia virgilioides seeds from isolated
trees, such as those located on pastures and roads.

Additional keywords: atlantic forest; germination; landscape fragmentation; seed collection; sucupira.

Resumo

Considerando a crescente demanda por producéo de sementes e mudas visando a restauracéo florestal, abordar
as implicacBes das alteracBes da paisagem em aspectos da germinagdo de espécies nativas torna-se de grande
valor para o direcionamento das coletas de sementes. Objetivou-se avaliar a influéncia do ambiente de coleta de
sementes na germinac&o e a biometria dos frutos e didsporos de Bowdichia virgilioides. Frutos foram coletados
em dois fragmentos florestais com caracteristicas distintas (mata |, dossel aberto, e mata Il, dossel fechado) e de
arvores isoladas localizadas em pastagem. Realizou-se a biometria dos frutos e das sementes dos trés ambien-
tes de coleta e conduziu-se um teste de germinacéo, em delineamento inteiramente casualizado, com trés trata-
mentos (mata |, mata Il e area aberta) e 20 repeticdes. O local de coleta e, portanto, a alteracdo na cobertura
florestal, influenciam a biometria de frutos e sementes, resultando em sementes e frutos mais leves e de meno-
res dimensdes no fragmento com historico de perturbagdo recente (mata 1), bem como no vigor dos diasporos de
Bowdichia virgilioides. As sementes provenientes da mata | expressaram maior vigor, enquanto sementes oriun-
das de area de pastagem apresentaram maior propensdo a morte e a formacédo de plantulas anormais. Para
producdo de mudas e comercializacdo de sementes, visando a restauracgao florestal, deve-se levar em conside-
racdo o ambiente de origem das sementes, sendo recomendado que nédo ocorra a formacéo de lotes de semen-
tes de Bowdichia virgilioides provenientes de arvores isoladas, tais como as localizadas em pastagens e estra-
das.

Palavras-chave adicionais: coleta de sementes; fragmentacdo da paisagem; germinacdo; Mata Atlantica;
sucupira
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Introduction

Population growth and the consequent
increase in the exploitation of natural resources result
in degradation of habitats and fragmentation of eco-
systems (Serrote et al., 2016). It is estimated that the
forest cover of the Atlantic Forest is currently restricted
to about 10% of the original cover. The fragments are
predominantly small and isolated in the midst of highly
anthropic landscapes (Silva et al., 2016, Fundagédo
SOS Mata Atlantica & Instituto Nacional de Pesquisas
Espaciais, 2017, MMA, 2017).

This fragmentation has been related to
changes in remnants regarding the light regime or
temperature, humidity, structure and composition of
species, and ecosystemic processes such as pollina-
tion and seed predation (Fuchs et al., 2003; Laurance
& Vasconcelos, 2009; Magrach et al., 2011). There is
also a decrease in biodiversity (Aguirre & Dirzo, 2008),
especially tropical trees, which are highly vulnerable to
forest fragmentation due to complex reproductive sys-
tems and low density of individuals (Quesada et al.,
2003).

Although it is evident that anthropic changes in
the landscape affect the reproduction of plants, there
are few studies on the impact of such changes on the
quality of seeds of native tropical species. Examples
are the studies carried out by Ramos et al. (2007) and
Mendonca et al. (2014). The information provided by
such studies is of great value as the demand for seeds
and seedlings of native species grows concurrently
with the urgency of ecological restoration (Costa et al.,
2016). Considering the Law no. 12.651/12 (Forest
Code), it is estimated that the total area to be restored
in Brazil comprises about 21 million hectares (Soares-
Filho et al., 2014).

However, one of the main bottlenecks to the
use of seeds to restore areas is the place to obtain
them in order to restore plant communities (Brancalion
et al., 2013, Bucharova et al., 2018). Seed sources
may directly affect the prospect of forming viable and
self-perpetuating forests (Godefroid et al., 2011).
Lower quality seed lots may limit post-seminal germi-
nation and development, resulting, for example, in
damages to the initial establishment of seedlings. It is
essential to consider the context of changes in the
landscape to direct seed collection.

Bowdichia virgilioides, known as sucupira, is
thus the focus of this study. It is an arboreal species
belonging to the Fabaceae family (Albuquerque et al.,
2015, Cardoso, 2017) used in forest restoration due to
its fast growth and low soil fertility requirement
(Lorenzi, 2009). There are no reports in the literature
on the influence of the collection environment on the
quality of seeds of this species.

B. virgilioides is also used for apiarian, land-
scape and medicinal purposes. It presents a wide dis-
tribution in the phytogeographical domains of the Ama-
zon, Caatinga, Cerrado, Atlantic Rainforest, and
Pantanal (Cardoso, 2017). Intense extraction, given

the quality of the wood (Lorenzi, 2009, Martinelli &
Moraes, 2013), is one of the challenges to its conser-
vation, resulting in its categorization as an endangered
species (Martinelli & Moraes, 2013). In addition, the
forest fragmentation scenario into which the species is
mainly embedded in both Brazilian biodiversity
hotspots (Atlantic Forest and Cerrado) (Mittermeier et
al., 2004) echoes the conservation of the remaining
populations of B. virgilioides.

The objective of this study is thus to evaluate
the influence of the collection environment, in the con-
text of forest cover reduction, on germination and bi-
ometry of fruits and diaspores of B. virgilioides.

Materials and methods

Fruits of B. virgilioides were collected in Janu-
ary 2017 in three areas: forest I, forest I, and an open
area. The collection environments are located within
the limits of the environmental protection area (EPA) of
Joanes-Ipitanga, Fazenda Natal, Simdes Filho, Bahia
state (12°47'04" S, 38°24'14" W) (Figure 1). The region
presents an annual mean temperature of 24-26 °C,
and rainfalls of 1,300 to 1,600 mm (Alvares et al.,
2013). The climate in Sim@es Filho is tropical with a dry
summer - As (Alvares et al., 2013), and the average
altitude is 52 m.

On January 21, 2017, fruits of the canopy
were collected from 15 trees located in three distinct
environments: forest |, forest Il, and the open area
(Table 1). There were five matrices for each environ-
ment, spaced at least 100 m apart. Forest | is a frag-
ment of the dense ombrophylous forest that has been
shallow cut for approximately 30 years. It is character-
ized by a greater availability of light, with a high fre-
quency of lianas and piassava palm (Attalea sp). For-
est Il is a fragment of dense ombrophylous forest at an
intermediary stage of regeneration with a more closed
canopy and, consequently, less light availability in rela-
tion to forest I. The open area is characterized as an
open field with predominance of grasses and the pres-
ence of few isolated arboreal individuals.

For each matrix, five replicates of 100 fruits
were measured as for fresh mass and number of
healthy seeds (not infested by fungi or insects). A
sample of 100 fruits from each matrix was randomly
selected to measure the length and width of fruits and
the number of seeds per fruit, disregarding those in-
fested by fungi and insects. The seeds of the sample of
100 fruits of each matrix were measured in terms of
length, width and thickness using a digital caliper with
an accuracy of 0.01 mm, and fresh mass using a pre-
cision scale of 0.001 g. The weight of 1,000 seeds
(Brasil, 2009) was determined using four samples of
100 seeds per matrix. For each matrix, the seed mois-
ture was determined by the adapted greenhouse
method (Brasil, 2009) using two replicates with 1 g
each (about 80 seeds).
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Figure 1 - Study area, fragment of dense ombrophilous forest in the Environmental Protection Area of Lago de
Pedra do Cavalo of Joanes-Ipitanga, Simbes Filho, Bahia, Brazil.

Germination tests were carried out according
to a completely randomized design with three treat-
ments corresponding to the collection environments,
and twenty replicates. The replicates consisted of five
matrices replicated four times using 25 seeds per repli-
cate. The seeds were submitted to pre-germination,
immersion in concentrated sulfuric acid for eight
minutes, and subsequent washed under running water.

Afterwards, they were arranged in rolls of germitest
paper moistened with distilled water at the proportion of
2.5 times the weight of the paper (Brasil, 2009). The
paper rolls were individually placed in clear polyeth-
ylene bags and packed in biochemical oxygen demand
(BOD) germinators at alternating temperatures of
25-30 °C and a 12-hour photoperiod (Albuguerque et
al., 2009).

Table 1 - Geographic coordinates and characterization of the trees from seeds of Bowdichia virgilioides Kunth,
located in a forest fragment at the Environmental Protection Area of Lago de Pedra do Cavalo Joanes-Ipitanga,

Simdes Filho-BA.

. . . DBH Latitude Longitude Altitude

Collection environments Matrix

(cm) (utm) (utm) (m)
Forest | 16 9.4 563053 8594817 107
Forest | 18 11.5 563653 8595365 91
Forest | 32 16.3 562538 8594338 92
Forest | 54 8.6 563058 8594850 111
Forest | 56 29.9 562689 8594406 106
Forest Il 58 16.5 563125 8594260 94
Forest Il 59 14.2 563090 8594359 71
Forest Il 60 19.1 563287 8594445 63
Forest Il 61 32.9 563342 8594394 69
Forest Il 62 12.2 563488 8594423 77
Open area 50 314 563002 8593713 87
Open area 52 31.1 562767 8593823 98
Open area 64 9.8 563272 8594003 58
Open area 65 185 561784 8593697 113
Open area 66 23.3 561607 8593510 113

DBH — Diameter at breast height

The counts were performed daily until stabili-
zation of germination and subsequent formation of
normal seedlings. The seed in which there was radicle
protrusion was considered as germinated. Seedlings
with developed, complete, proportional and healthy

shoots and radicles (Brasil, 2009) were counted as
normal. The number of germinated seeds, dead seeds,
and normal and abnormal seedlings were measured,
and the length of shoots and radicle of normal seed-
lings was measured. The variables evaluated in the
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germination tests were mean time (MT), time intervals
between 16% and 84% of viable seed germination
(Usa1s) (Bewley et al., 2013), average shoot length (SL)
and average root length (RL) of normal seedlings con-
sidering the initial number of seeds (Guedes et al.,
2009), normal seedling formation (% NSF), and per-
centage of non-viable seeds-NVS (abnormal seedlings
+ dead seeds).

The data were analyzed according to their
nature so that, in order to evaluate the frequency distri-
bution of fruit and seed dimensions, the number of
seeds per fruit and the fresh seed mass in response to
the different collection environments (forest |, forest I,
and open area), the Chi-Square test (R development
core team, 2017) was used.

The data resulting from the germination tests,
as well as the weight of a thousand seeds (WTS),
mass of 100 fruits (MHF), number of healthy seeds in
100 fruits, and seed moisture were also submitted to
univariate analysis of variance, and means were com-
pared by Scott Knott test at 5% using the software R,
version 3.1.3 (R development core team, 2017). For
the univariate analyses of variance, the normality test
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of Shapiro Wilks residues and Bartlett homoscedastic-
ity test were performed. In the event of not meeting the
assumptions, the data transformation was used
according to the criteria defined by Sokal & Rohlf
(1995). When the transformation was not sufficient, the
Kruskal-Wallis test (R development core team, 2017)
was used.

For the analysis of the variables obtained in
germination tests, the analysis of variance was per-
formed using the software R, version 3.1.3 (R devel-
opment core team, 2017) and the Candisc package
(Friendly & Fox, 2010). To verify homoscedasticity, the
Kullback test was used.

Results

Most fruits of B. virgilioides have up to two
seeds, corresponding to 80.2% of the fruits from iso-
lated trees (open area), 70.2% of forest I, and 69.8% of
forest Il (Figure 2). Isolated trees tended to produce
more fruits with only one seed (x?> = 34.89, p value =
0.0015).
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Figure 2 - Fruits’percentage with respect of seed’s number per fruit in three environments of Bowdichia
virgilioides Kunth, Environmental Protection Area of Lago de Pedra do Cavalo Joanes-Ipitanga, Simdes Filho-BA.

The behavior of the distribution of the
number of fruits by length classes (x> = 66.809,
p value = 125 x 10° and width classes
(x*> = 344.88, p value = 2.10 x 10'¢) was different
among collection sites (Table 2). In forest Il, there was
a greater proportion of fruits with a greater length and

width. In the open area, there was a greater proportion
of fruits with a greater width. On the other hand, in
general, in forest |, a remnant with a history of recent
disturbance, fruits of B. virgilioides had a smaller length
and width in relation to the other environments.
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Table 2 - Number of fruits per class of length (cm) and width (cm) in three collection environments of Bowdichia

virgilioides Kunth.

S:gtsh?im) Forest | Forest Il Open area CIaS?C?;;V idth Forest | Forest1ll Open area
<37 101 (78) 58 (75) 72 (78) <1.0 49 (19) 6 (18) 9(19)
3.7t04.4 105 (115) 91 (109) 143 (115) 10tol.1 102 (52) 20 (49) 31 (52)
441t05.1 117 (120) 109 (114) 128 (120) 11t01.3 258 (179) 108 (171) 164 (179)
5.1t0 5.7 79 (72) 63 (69) 72(72) 13t01.4 55 (69) 67 (66) 81 (69)
5.7t0 6.4 57 (61) 69 (58) 53 (61) 14t01.6 43 (137) 202 (131) 161 (137)
6.4t07.1 30 (33) 49 (31) 18 (33) >1.6 2 (44) 74 (42) 54 (44)
>7.1 11 (20) 38 (20) 14 (21)

x? Test = 66.89 (p value = 1.25*10) (length), x? Test = 344.88 (p value = 2.2 x 10°%%) (width). Expected values in paren-

theses.

The distribution of the number of seeds per
length class (x> = 429, p value = 2.2 x 107), width
class (x> = 86.42, p value = 2.47 x 107%), thickness
(¢®> = 353.79, p value = 2 x 107 and fresh mass
0 = 361.3, p value = 2 x 10?9 differed among

collection sites (Table 3). The trees located in forest |
present smaller seeds due to a greater proportion of
seeds in the smaller classes of length, width and
thickness, a pattern that was also observed for fresh
seed mass.

Table 3 - Number of seeds per class of length (mm), width (mm), thickness (mm) and fresh mass (mg) in three
different collection environments of Bowdichia virgilioides Kunth.

Class of length (mm) Forest | Forest Il Open area
< 3.57 26 (20) 18 (25) 20 (18)
3.57t03.94 76 (53) 34 (65) 55 (47)
3.94t04.31 177 (126) 107 (156) 112 (114)
4.31 to 4.67 252 (173) 122 (214) 170 (157)
4.67 t0 5.04 130 (162) 202 (200) 176 (146)
5.04t05.41 36 (113) 244 (140) 76 (102)
>5.41 4 (53) 138 (65) 24 (48)
Class of width (mm) Forest | Forest Il Open area
<249 39 (27) 17 (34) 30 (25)
2.491t0 2.79 149 (103) 72 (127) 102 (93)
2.79to0 3.08 170 (214) 294 (264) 207 (193)
3.08t0 3.38 255 (264) 371 (326) 202 (238)
> 3.38 88 (93) 111 (114) 92 (84)
Class of thickness (mm) Forest | Forest Il Open area
<1.35 114 (72) 64 (89) 47 (65)
1.35t0 1.70 350 (302) 436 (373) 162 (273)
1.70 to 2.06 230 (273) 342 (336) 283 (246)
>2.06 7 (55) 23 (67) 141 (49)
Class of fresh mass (mg) Forest | Forest Il Open area
<10.1 22 (28) 30 (34) 35 (25)
10.1to 12.3 68 (65) 74 (80) 61 (58)
12.3t0 14.4 177 (106) 85 (131) 71 (96)
14.4to 16.6 213 (135) 117 (167) 94 (122)
16.6 to 18.8 156 (139) 178 (172) 103 (126)
18.8t0 20.9 59 (118) 208 (146) 105 (107)
>20.9 4 (108) 173 (134) 164 (98)

X? Test = 429 (p value = 2.2 x 10%), x? Test = 86.2 (p value = 2.47 x 10%%), x? Test = 353.79 (p value = 2 x 10%),
x? Test =361.3 (p value = 2 x1079) for length, width, thickness and fresh mass, respectively. Expected values in

parentheses.
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The mass of 100 fruits (MHF) and the number
of healthy seeds in 100 fruits (NHS) was higher for the
trees located in forest Il, while the weight of one thou-

sand seeds (WTS) was lower for seeds from forest |
(Table 4).

Table 4 - Kruskal-Walllis test for the mass of 100 fruits (MHF), number of healthy seeds in 100 fruits (NHS) and
weight of one thousand seeds (WTS) in collection environments of Bowdichia virgilioides Kunth, Environmental

Protection Area of Lago de Pedra do Cavalo Joanes-Ipitanga, Sim&es Filho-BA.

Collection environments MHF NHS WTS
Forest | 8.0b 162 b 154b
Forest Il 11.7a 210 a 18.8 a
Open area 8.2b 153 b 18.8 a
Chi -Square 19.48 15.95 16.64
p value 59x10°° 0.0003 0.0002

Means in the same column followed by the same letter do not differ by Kruskal-Wallis (p > 0.05).

According to the multivariate analysis of vari-
ance, from the six variables obtained in germination
tests (mean time, uniformity, percentage of normal
seedling formation, shoot length, root length and per-

ronments influenced the quality of diaspores (germina-
tion and post-seminal development), as proven by the
Pillai, Lambda wilks, Roy and Hotelling-Lawley tests
(Table 5).

centage of infeasible seeds), the seed collection envi-

Table 5 - Significance tests for multivariate analysis of the seed collection locations of Bowdichia virgilioides
Kunth, Environmental Protection Area of Lago de Pedra do Cavalo Joanes-Ipitanga, Simdes Filho-BA.

Tests Value Level of significance
Pillai 0.64 2.38 x 10°
Lambda wilks 0.44 1.51 x 10
Roy 0.81 1.23x 10°
Hotelling-Lawley 1.05 9.76 x 10°®

The most responsive variables to seed envi-
ronment were percentage of non-viable seeds, root

length, and percentage of normal seedlings (Figure 3).

/ ARL

NVS

Can2 (22.8%)
0
1

Can1 (77.2%)

Figure 3 - Graphical dispersion of the scores in relation to the two representative axes of the first two canonical
variables (CAN1 and CANZ2), related to the six characteristics of the germination test evaluated in the three collec-
tion environments: forest I, forest Il and open area.
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The mean time and germination uniformity, as
well as shoot length of normal seedlings, did not differ
between both forest environments and the open area
(Table 6). However, seeds collected from trees located
in forest | resulted in a higher formation of normal

seedlings (Arc sen\x/100) and root length (RL),
whereas isolated trees produced seeds with a higher
percentage of non-viable seeds (V%NVS). Seeds from
forest Il presented a lower moisture content at the time
of collection (Table 6).

Table 6 - Mean time (MT), uniformity (Uss1s), percentage’s normal seedling formation (Arc senvx / 100), shoot
length (SL), root length (RL), percentage of non-viable seeds (V%NVS) and moisture content (M%) of seeds of
Bowdichia virgilioides Kunth as a function of the seed collection environments.

Localizacdo MT Usais  Arc senvVx/100 (NSF) SL RL V%NVS M%
Forest | 18.7 a 213a 69.5 a (85.6) 105a 142 a 2.7b (8.2) 95a
Forest Il 176 a 21.7a 64.0 b (77.4) 9.2a 12.3b 2.3b(5.4) 8.1b
Open area 18.7 a 23.1a 60.5 b (74.4) 10.0a 11.8b 44a(19.8) 93a
p value 0.82 0.82 0.06 0.30 0.02 0.00 0.04
CV % 34.9 51.9 18.2 26.4 22.4 375 9.3

Means in the same column followed by equal letters belong to the same group according to the Scott Knott (p > 0.05).

No transformed values in parentheses.

Discussion

The results show that the loss of forest cover
may affect seed production, aspects of germination
and seedling development, as well as the biometry of
fruits and diaspores.

In forest | (a fragment with a recent disturb-
ance history and open canopy), fruits and smaller
seeds were proportionally predominant, with a conse-
guent lower weight of 1.000 seeds. In addition, as for
the open area (isolated trees), the forest | produced
lighter fruits, which is expressed by the fresh mass of
100 fruits, and a lower number of seeds per fruit in
relation to forest Il (fragment at the middle stage of
regeneration and closed canopy).

Greater fresh fruit and seed masses and the
number of seeds in 100 fruits resulting from the trees
located in forest Il may be related to the better edaphic
conditions expected for this environment in comparison
to other areas under study, which presented loss of
forest cover. Soil quality studies have shown that land
use and occupation with pastures and cultivated areas
result in alterations in physical, chemical and biological
characteristics of soils when compared to preserved
forest fragments (Jakelaitis et al., 2008), and that the
successional stage of forests influence the macrofauna
community of the soil (Menezes et al., 2009). Thus, the
lower intervention in these attributes in the soil of forest
Il may have provided a greater nutrition to the matrices
located in this condition, affecting fruit development
and seed filling, and also helping to understand, in the
case of forest Il, the largest number of healthy seeds
found and the larger dimensions of seeds and fruits
and fresh fruit mass.

B. virgilioides is a species that has anemocoric
dispersion syndrome (Fortunato & Quirino et al., 2016),
and is often classified as a pioneer (Carvalho et al.,
2006). The size and mass of fruits may influence dis-
persion, as well as the mass of seeds and therefore
the amount of reserve may have implications in the

time that the seed can remain viable in the seed bank.
Thus, it is possible that the reduction in forest cover,
followed by reduction of fruit size and mass (result
found for forest 1), results in differentially dispersed
fruits, while seeds of forest Il, due to the greater mass
of seeds, greater viability time in the seed bank, a con-
dition of a forest fragment with a closed canopy, would
be advantageous for the species. Such aspects would
then have implications on the spatial genetic structure
and the temporal recruitment of species and, therefore,
deserve to be studied in detail.

Based on germination tests, the better conser-
vation status of forest Il and the larger seed sizes did
not guarantee the formation of more vigorous seed
lots. This was observed for the forest I, in which lots of
seeds resulted in higher normal seedling formation, in
addition to longer root length.

The greater formation of normal seedlings and
root growth from seeds from forest remnants with a
shallow cutting history (forest I) may be related to polli-
nation. Bees, mainly of the genus Centris (Silva et al.,
2011), carry out the pollination of B. virgilioides pre-
dominantly. There is evidence that species belonging
to the genus Centris have a greater reproductive suc-
cess within native vegetation with a greater light avail-
ability (Morato et al., 1999). It is suggested that trees
located in forest | receive a greater floral visitation,
which contributes to increase cross-pollination when
compared to isolated trees and trees located in a forest
environment with less light availability (forest Il). This
fact could provide the species with post-germinative
advantages, since an effective pollination, through the
guantity and quality of the pollen that reaches the
stigma, contributes to the production of good quality
seeds (Ashman et al., 2004).

It is suggested, however, that the recruitment
of the species in both forest conformations will not be
affected since the lower normal seedling formation in
forest Il seeds, compared to forest I, will be compen-
sated by the higher number of seeds produced in this
environment.
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The landscape configuration in pasture areas
may be a behavioral barrier for species that perform
pollination (Santos-Janior et al, 2013). For B.
virgilioides, a self-compatible species (Silva et al.,
2011) in isolated trees, the occurrence of self-pollina-
tion increases in detriment to cross-pollination. Conse-
guently, according to Silva et al. (2011), B. virgilioides
may present a high rate of inbreeding by passive self-
pollination. Cascante et al. (2002), studying the effects
of fragmentation on the reproductive biology of
Samanea saman (Jacq.) Merr., found that the rate of
self-fertilization and the coefficient of inbreeding were
higher for isolated trees than for trees in populations of
continuous remnants.

On Campomanesia pubescens (DC.) O.
Berg., seeds resulting from self-pollination provided
seedlings with a lower development than cross-pollina-
tion, and were more susceptible to mortality (Rodrigues
et al., 2017). Seeds from isolated matrices located in
the open area resulted in a higher number of dead
seeds and an increased formation of abnormal seed-
lings (non-viable seeds). This result reflects a propen-
sity of isolated trees to a greater endogamic depres-
sion (Sebben et al., 2000; Santos-Junior et al., 2013). It
results in the loss of vigor due to the increase of delete-
rious characteristics (Santos et al., 2010).

In fruits from isolated trees, there was also a
higher proportion of fruits with only one seed. One of
the factors that influences the number of seeds per fruit
is the efficiency of the pollination mechanism (Silva &
Pinheiro, 2009), which confirms the lower efficiency of
pollination of B. virgilioides individuals under drastic
conditions of fragmentation, as it happens in the pas-
ture environment.

This result has strong implications for the tar-
geting of seed collections, since harvesting from trees
in a drastic reduction of forest cover will compromise
germination and post-seminal development, resulting
in financial losses to the seedling and seed industry.
Other impacts are related to ecological restoration
initiatives  affecting the production of seedlings in
nurseries and the direct seeding in the field, resulting in
higher costs, for example, of inputs, infrastructure and
logistics. Thus, it is recommended that isolated trees
should not be marked as seed collection matrices,
although they sometimes appear to be more operative.

Conclusions

The collection environment, and therefore the
reduction in forest cover, influences the dimensions
and mass of fruits and seeds, as well as the vigor of
the diaspores of B. virgilioides. Seeds from the open
canopy forest fragment and the greater light availability
(forest 1) express a greater vigor. For the production of
seedlings for forest restoration, it is recommended that
seed lots be not obtained from B. virgilioides seeds
from isolated trees.
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