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ABSTRACT - Seed quality is essential for developing conservation,
management, and ecological restoration techniques, selecting high-
quality seed lots, and understanding the genetic variability of species.
Thus, the objective of this study was to evaluate the physiological
quality of seeds from 80 mother trees in a natural population of
Hymenaea martiana in Areia, Paraiba, Brazil. Seed vigor was
assessed based on traits related to emergence and early seedling
development. The data were subjected to analysis of variance
(ANOVA), with means compared using the Scott-Knott test at a 5%
significance level, and complemented by Pearson correlation and
Principal Component Analysis (PCA). Mother trees M86, M145,
M157, M171, M184, and M187 demonstrated superior performance
in emergence traits, while M8, M86, M88, M117, and M152
exhibited greater shoot length. Mother trees M10, M11, M12, M14,
M21, M24, M73, and M152 produced seedlings with greater root
length, while M187 produced seedlings with higher root dry weight.
In PCA, three principal components explained 81.63% of the total
data variance, with emergence traits contributing most to PC1, mean
emergence time to PC2, and root length and dry weight to PC3. In
this context, the evaluated natural population of H. martiana mother
trees exhibited variability in seed physiological quality, primarily
driven by first emergence count, emergence speed index, and final
emergence percentage.
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RESUMO - A qualidade das sementes ¢ importante para o
desenvolvimento de técnicas de conservagdo, manejo e restauracio
ambiental, selecdo de lotes de alta qualidade e compreensdo da
variabilidade genética das espécies. Logo, objetivou-se avaliar a
qualidade fisiologica das sementes de 80 plantas matrizes de uma
populacdo natural de Hymenaea martiana, em Areia, Paraiba. Vigor
de sementes foi avaliado com base em caracteristicas relacionadas a
emergéncia e ao desenvolvimento inicial de plantulas. Os dados
foram submetidos a andlise de variancia, com as médias comparadas
pelo teste de Scott-Knott a 5% de significancia, e complementados
com correlagdo de Pearson e Analise de Componentes Principais
(PCA). As plantas matrizes M86, M145, M157, M171, M184 ¢
M187 tiveram performance superior em caracteristicas de
emergéncia, enquanto M8, M86, M88, M117 e M152 apresentaram
maior comprimento da parte aérea. As plantas matrizes M10, M11,
M12, M14, M21, M24, M73 e M152 produziram plantulas com
maior comprimento de raiz, ¢ M187 originou plantulas com maior
massa seca de raizes. Na PCA, trés componentes principais
explicaram 81,63% da variancia total dos dados, com as variaveis de
emergéncia contribuindo mais para PC1, tempo médio de emergéncia
para PC2 e comprimento e massa seca de raizes para PC3. Diante do
exposto, a populacdo natural de plantas matrizes de H. martiana
avaliada exibiu variabilidade em qualidade fisioldgica de sementes,
principlamente influenciada por primeira contagem, indice de
velocidade e porcentagem de emergéncia.

Palavras-chave: Jatoba. Plantas matrizes. Qualidade fisiologica.
Vigor de sementes.
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INTRODUCTION

Hymenaea martiana Hayne (Fabaceae) is a tree species distributed across
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the Northeast Region and the states of Minas Gerais, Goias, and Tocantins, Brazil,
occurring in multiple biomes, including the Caatinga, Cerrado, and Atlantic Forest
(FLORA BRASIL, 2025). Its bark and resins contain bioactive metabolites
recognized for their medicinal properties for treating various ailments (SILVA et
al., 2024).

Furthermore, species of the genus Hymenaea hold significant economic
importance, being widely used in the forestry sector for their dense wood, which
is employed in furniture manufacture and outdoor construction. Additionally,
these species are suitable for use in agroforestry and silvopastoral systems, as well
as in programs for the restoration of degraded areas (SANTOS et al., 2023). Thus,
producing high-quality H. martiana seedlings is critical for the success of
restoration initiatives.

Conservation and restoration of degraded areas generate a high demand for
seeds of native tree species, particularly given the increasing emphasis on
environmental preservation and biodiversity (ARAUJO et al., 2023). In this
context, seed physiological quality is fundamental, as highly vigorous seeds are
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essential for producing high-quality seedlings, which are
critical for ecological restoration programs.

Seed physiological quality is determined by the ability
to perform vital functions under favorable or unfavorable
environmental conditions, while vigor tests aim to detect
variations in physiological quality, enabling the classification
of seed lots based on different vigor levels (MAIA et al.,
2024). In this context, seed quality encompasses genetic
purity, health, viability, germination capacity, and vigor
(MARCOS-FILHO, 2015; SILVA et al., 2022).

Despite the ecological and economic relevance of H.
martiana, studies on the physiological quality of its seeds
remain limited, particularly regarding variability among
mother trees within the species. Understanding this variability
is essential for supporting conservation, management, and
seedling production strategies, as well as contributing to the
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selection of seeds with superior physiological performance. In
this context, the objective of this study was to evaluate the
physiological quality of seeds from 80 mother trees in a
natural population of H. martiana in Areia, Paraiba, Brazil.

MATERIAL AND METHODS
Fruit collection

H. martiana fruits were collected from 80 mother trees
in Areia, Paraiba, Brazil (6°57'46"S, 35°41'31"W, altitude 618
m) (Figure 1). The region's climate is classified as As, hot and
humid with rainy autumn and winter, according to the Képpen
classification, with an annual mean rainfall of 1,317.6 mm and
a mean temperature of 22.5 °C (LIMA, 2019).
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Figure 1. Distribution of Hymenaea martiana mother trees in Areia, PB, Brazil.

Fruits were collected between November 2019 and
January 2020, when they were fully ripe and had naturally
fallen from the trees. Fruits were collected from beneath the
tree canopies and transported to the Seed Analysis Laboratory
(LAS) of the Department of Phytotechnics, Center for
Agricultural Sciences, Federal University of Paraiba (DFCA-
CCA/UFPB), where seeds were processed. Fruits were
opened by cracking them with a wooden stick, excess pulp
was manually removed with a serrated knife, and seeds were
soaked in water for six hours to facilitate the removal of
residual pulp. After washing, seeds were subjected to an
emergence test.

Physiological quality
Seedling emergence test

Seeds were scarified on the side opposite the hilum

using 120-grit sandpaper attached to an electric callus
remover to overcome seed coat dormancy. Seeds were then
disinfected with a 3% sodium hypochlorite solution for five
minutes. Seeds were planted at a depth of 3 ¢cm in plastic pots
(30 cm diameter, 22 cm height) filled with medium-grain sand
(particle size between 0.42 and 2 mm) autoclaved at 120 °C,
using four 25-seed replicates per pot.

The test was conducted in a greenhouse at a mean
temperature of 32 °C and 60% relative humidity, measured
with a thermo-hygrometer. Final seedling emergence was
evaluated based on cotyledons fully exposed above the
substrate, with results expressed as a percentage. The test
lasted 32 days, the period required for the emergence to
stabilize.

First emergence count

Concurrently with the seedling emergence test, the first
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emergence count was conducted 25 days after sowing (DAS),
with results expressed as a percentage.

Emergence speed index

Emergence speed index (ESI) was calculated based on
daily counts of emerged seedlings, performed until 32 DAS,

using the equation proposed by Maguire (1962):
El E2 En
ESl= 1t~z t*im, where El, E2, ..., and En represent the

number of emerged seedlings counted on the first, second, ...,
and final counts, respectively; and N1, N2, and Nn represent
the number of days from sowing to the first, second, and final
counts, respectively.

Mean emergence time

Mean emergence time (MET; days) was calculated
based on daily counts of emerged seedlings, using the
equation proposed by Edmond and Drapalla (1958):

Sn X Dn
Stotal > Where S1, S2, ..., and Sn

represent the number of seedlings emerged on the first,
second, ..., and final days, respectively; D1, D2, and Dn
represent the number of days for seedling emergence; and
Stotal represents the total number of emerged seeds in each
treatment.

MET = (S1xD1) +...+

Shoot and root length

At 32 DAS, upon completion of the seedling
emergence test, seedlings were removed from the sand. Shoot
length was measured from the stem base to the apical
meristem, and root length was measured from the stem base to
the tip of the primary root, using a graduated ruler, with
results expressed in centimeters per seedling.

Shoot and root dry weights

After measuring shoot and root lengths for each
replicate, shoots and roots were separated using scissors,
placed in labeled Kraft paper bags, and dried in a forced air
oven at 65 °C for 72 hours to determine their dry weights.
After drying, shoots and roots were weighed on an analytical
balance, with results expressed in grams per seedling.

Experimental design and statistical analysis

The experiment was conducted using a completely
randomized design with four replicates. Data were subjected
to analysis of variance (ANOVA), and significant means,
determined by the F-test, were grouped using the Scott-Knott
test at a 5% significance level. Pearson correlation
coefficients were calculated for all variable combinations,
with significance determined using the t-test (p < 0.05).

Principal Component Analysis (PCA) was conducted
to assess the contribution of each principal component and the
distance between mother trees, excluding non-representative
components based on eigenvalues and variance explained.
Statistical analyses were performed using R software (R
CORE TEAM, 2022), with multivariate analyses conducted
using the FactoShiny package (VAISSIE; MONGE;
HUSSON, 2024).

RESULTS AND DISCUSSION

The variables related to emergence, initial growth, and
development of H. martiana seedlings from different mother
trees exhibited a significant effect, as determined by the F-test
(» <0.01) (Table 1).

Table 1. Analysis of variance for emergence and initial development of Hymenaea martiana seedlings from seeds from 80 mother trees.

Mean Squares

Source of variation DF
FEC FEP ESI MET
Mother trees 79 1393.31" 1526.34™ 0.177" 19.16™
Residual 240 40.88 138.25 0.018 1.15
CV (%) 16.67 20.78 22.42 476
o Mean Squares
Source of variation DF
SL (cm) RL (cm) SDW RDW
Mother trees 79 2242 19.38" 0.157" 0.029™
Residual 240 2.49 9.30 0.012 0.003
CV (%) 8.98 14.34 12.04 18.77

DF = degrees of freedom; CV = coefficient of variation; FEC = first emergence count; FEP = final emergence percentage; ESI = emergence
speed index; MET = mean emergence time; SL = shoot length; RL = root length; SDW = shoot dry weight; RDW = root dry weight.

= significant at 1% by the F-test.

Eight distinct groups were identified for the first
emergence count of seedlings (Table 2). The group with the
highest seedling emergence percentages included mother trees
MS86, M157, and M187, with values ranging from 87% to

76%. In contrast, the group with the lowest emergence
percentages comprised 11 mother trees (M9, M13, M14, M15,
M92, M125, M128, M146, M150, M185, and M192), with
means ranging from 6% to 18%.
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Table 2. First emergence count (FEC), final emergence percentage (FEP), emergence speed index (ESI), mean emergence time (MET), shoot
length (SL), root length (RL), shoot dry weight (SDW), and root dry weight (RDW) of Hymenaea martiana seedlings from seeds from 80
mother trees.

FEC FEP ESI MET SL RL SDW RDW
Mother trees o 1
------- % ------- days --------= CIN --------- ---- g seedling” ----

M86 87 a* 9la 1.00 a 23d 2141a 15.01 ¢ 1.08b 0.33¢
M187 82a 92a 1.07a 22d 17.11d 1593 ¢ 1.17b 0.56 a
M157 76a 86a 0.92a 23d 14.82d 17.52b 0.89 ¢ 0.25d
M171 73b 89a 0.93a 24c¢ 14.15d 16.70 ¢ 0.70d 0.23d
M6 71b 72b 1.02a 18 f 1793 ¢ 16.18 ¢ 1.08 b 03lc
Ml64 70b 75b 0.83a 23d 1837¢ 16.13 ¢ 093¢ 043 b
M117 66 b 76 b 0.86a 22d 2235a 1627 ¢ 1.20b 0.26d
M184 63 b 87a 0.90 a 24c¢ 18.36 ¢ 15.58 ¢ 0.96 ¢ 041b
M32 6lc 71b 1.02a 24c 19.59b 17.89b 1.11b 0.41b
M134 6lc 64c 0.72b 22d 16.81d 18.26 b 0.87 ¢ 0.25d
M145 60 ¢ 85a 0.89a 24c 17.58 ¢ 1348 ¢ 095¢ 0.27d
M140 60 ¢ 68 ¢ 0.78 b 22d 17.57 ¢ 1324 ¢ 093¢ 02le
M88 59¢ 66 ¢ 0.83a 20e 22.30a 1271 ¢ 1.32a 020¢
Ml141 58¢ 65¢ 0.82a 20e 19.13 ¢ 14.88 ¢ 093¢ 0.23d
M155 56¢ 65¢ 0.73b 23d 20.11b 17.18b 099 ¢ 0.32¢
M20 55¢ 80b 0.84a 24c¢ 19.78 b 16.38 ¢ 091 ¢ 0.29d
M166 S4c 79b 0.83a 24c¢ 16.77d 16.01 ¢ 095¢ 0.34c
MI121 S54c¢ 74b 0.76 b 25¢ 15.62d 14.87 ¢ 0.74d 0.30d
M8 52d 52¢ 0.77b 17 f 24.05a 1637 ¢ 141 a 0.29d
MI118 50d 69 c 0.70 b 25¢ 17.59 ¢ 15.69 ¢ 1.09b 0.39b
Mle6l 50d 59¢ 0.66 b 23d 16.32d 1395¢ 0.63d 020¢
MI129 49d 65¢ 0.70 b 23d 16.94d 12.96 ¢ 094 ¢ 0.29d
M10 48d 75b 0.75b 25¢ 16.84d 20.16 a 1.03b 0.04
M147 48d 66 ¢ 0.68b 25¢ 14.23d 16.13 ¢ 0.84d 0.26d
M169 48d 62¢ 0.68b 23d 15.59d 1571 ¢ 0.75d 0.30d
M132 48d 50d 0.57 ¢ 22d 15.72d 17.96 b 0.79d 0.24d
M30 47d 74b 0.75b 25¢ 19.10 ¢ 18.87b 0.82¢ 0.26d
M136 47d 55¢ 0.65b 22d 18.19¢ 14.74 ¢ 0.72d 0.17¢
MI124 47d 52¢ 0.60 b 22d 1783 ¢ 16.44 ¢ 1.04b 0.25d
M142 46d 52¢ 0.57¢ 23d 17.58 ¢ 16.44 ¢ 0.99 ¢ 0.46 b
M7 44d 57¢ 0.59b 24c 17.54 ¢ 1525¢ 092¢ 0.26d
M100 4le 74b 0.74b 25¢ 16.11d 1342¢ 091 ¢ 0.28d
M151 41le 56¢ 0.57 ¢ 25¢ 1542d 1597 ¢ 1.02¢ 0.33d
M130 4le 55¢ 0.57 ¢ 25¢ 1531d 14.78 ¢ 0.83 ¢ 0.37d
M143 40e 52¢ 0.54 ¢ 25¢ 1543d 1525¢ 0.82¢ 0.26 ¢
M65 40e 44d 0.50 ¢ 22d 1829 ¢ 1544 ¢ 095¢ 032¢
M83 38¢ 45d 0.54 ¢ 2le 20.80 b 1526 ¢ 098¢ 0.19¢
M26 37¢ 68 ¢ 0.69b 25¢ 1795 ¢ 17.98 b 0.87 ¢ 0.28d
M66 37e 39d 0.48 ¢ 21d 20.16 b 15.12¢ 1.08 b 033 ¢
M35 36¢ 62 ¢ 0.62b 25¢ 19.81b 16.25¢ 095¢ 0.24d
M5 36e 58¢ 0.58 ¢ 25¢ 17.82¢ 1495 ¢ 093¢ 0.26d
Mi12 35e 73b 0.70 b 26b 18.38 ¢ 2372a 1.20b 0.39b
M144 33f 58¢ 0.57 ¢ 26¢ 16.86d 17.94b 0.79d 033 ¢
M73 33f 43d 0.47c 23d 18.69 ¢ 19.61 a 1.16 b 0.46 b
M115 33f 35d 0.39d 23d 18.59 ¢ 16.47 ¢ 1.38a 0.36¢
M2 31f 77b 0.75b 26d 17.66 ¢ 16.88 ¢ 091c 0.29d
M18 30f 38d 0.40d 24c¢ 20.25b 1538 ¢ 1.18b 0.41b
M70 29f 39d 041d 25¢ 20.14b 15.62 ¢ 0.89 ¢ 0.25d
M17 29f 29¢ 0.35d 2le 18.76 ¢ 1591 ¢ 1.32a 0.39b
M21 28 f 72b 0.68b 27b 19.65b 1993 a 1.12b 0.38b
Ml 27g 73b 0.70b 26b 15.88d 16.77 ¢ 091 ¢ 0.38b
M95 27¢g 54c 0.53 ¢ 26¢ 18.68 ¢ 14.60 ¢ 0.70 d 0.25d
M172 27g 42d 0.44 ¢ 25¢ 14.61d 15.19¢ 1.0l ¢ 0.39b
M165 27g 33d 0.36d 24c¢ 15.15d 1529 ¢ 0.68d 029¢
M79 26g 39d 0.40d 25¢ 17.69 ¢ 17.19b 0.79d 0.29d
M182 25g 60 ¢ 0.58 ¢ 26b 14.65d 15.19¢ 091c 033 ¢
M36 25g 53¢ 0.51¢ 26b 1943 ¢ 12.67 ¢ 0.70d 032¢
M54 25¢g 44d 0.44 ¢ 25¢ 16.67d 18.63 b 1.0l ¢ 035¢
MI122 25g 34d 0.35d 24c¢ 2097b 1523 ¢ 0.85¢ 0.44b
M22 24¢g 71b 0.66 b 27a 18.55¢ 1791b 0.90 ¢ 0.26d
MI126 24¢g 49d 0.49 ¢ 25¢ 15.59d 1343 ¢ 0.89 ¢ 0.33d
M24 2g 55¢ 0.53 ¢ 26b 20.08 b 20.79 a 098¢ 0.34c
Mll 22g 39d 0.38d 26¢ 15.65d 2033 a 0.66 d 02le
M170 2g 32d 0.33d 25¢ 1293 ¢ 1530 ¢ 044 e 0.19¢
M135 2g 23 ¢ 0.26 ¢ 22d 15.84d 17.75b 0.83 ¢ 0.23d
M82 2lg 29¢ 0.28 ¢ 26b 1779 ¢ 12.63 ¢ 097 ¢ 0.43b
Ml114 2lg 24¢ 0.26 ¢ 22d 20.76 b 13.66 ¢ 1.52a 0.44b
M120 20g 68 ¢ 0.62b 27a 15.01d 1446 ¢ 0.79d 0.42b
M152 19¢g 20e 02le 22d 21.57a 20.01 a 1.34a 0.30d
M13 18h 68 ¢ 0.62b 28a 16.34d 1552¢ 1.0l ¢ 0.43b
Ml15 17h 82a 0.74 b 28a 17.65¢ 16.44 ¢ 121b 0.42b
M185 17h 40d 0.384d 27b 19.06 ¢ 1491 ¢ 094 ¢ 0.26d
M92 16h 65¢ 0.60 b 27a 16.32d 15.38¢ 0.56 ¢ 0.18 ¢
Ml4 16h 59¢ 0.54 ¢ 27a 16.30d 19.51a 0.94 ¢ 033 ¢
M128 15h 29¢ 0.28 ¢ 26b 15.04d 1545¢ 0.65d 0.34c
M150 14h 41d 041d 25¢ 17.57 ¢ 15.55¢ 085¢ 035¢
M125 13h 13e 0.16¢ 2le 18.13 ¢ 14.11¢ 094 ¢ 0.19¢
M192 10h 75b 0.67b 28a 1238 ¢ 1445 ¢ 0.67d 032¢
M9 8h 22e 0.18 ¢ 27a 1075 f 8.98 ¢ 0.87 ¢ 036 f
M146 6h Ile 0.12¢ 24 c 18.05 ¢ 14.64 ¢ 1.15b 0.26 d
CV (%) 16.67 20.78 22.42 4.76 8.98 14.94 12.04 18.77

Means followed by the same letter in the columns belong to the same group according to the Scott-
Knott test at a 5% significance level.
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First emergence count is widely employed to assess
seed vigor, based on the principle that seed lots with a higher
percentage of normal seedlings in the initial evaluation are
considered more vigorous (KRZYZANOWSKI et al., 2020).
Therefore, it serves as an effective tool for detecting
reductions in vigor during the early stages of seedling
development (MARCOS-FILHO, 2015).

The final emergence percentage also showed
significant differences among mother trees (Table 2). Mother
trees M15, M86, M145, M157, M171, M184, and M187
exhibited superior performance, with higher means, indicating
that seed lots from these mother trees can improve efficiency
in the use of this propagative material for nursery seedling
production and direct seeding for the restoration of degraded
areas.

However, mother trees M9, M17, M82, M114, M125,
M128, M135, MI146, and M152 exhibited the lowest
emergence percentages, with means ranging from 11% to
29%, representing a reduction of over 50% compared to the
most vigorous mother trees (Table 2).

Variations in seedling emergence can be attributed to
genetic characteristics of mother trees, as well as to adverse
environmental conditions during seed development, such as
temperature, light, humidity, and rainfall (REIS et al., 2020).
Although collected within the same municipality, some
mother trees were in denser vegetation areas (e.g., M15,
M157, M171) and open vegetation areas (e.g., M86, M145,
M184, and M187). Previous studies support these findings, as
Lima et al. (2014) reported significant differences in the
physiological quality of seeds from 28 mother trees
(Poincianella pyramidalis (Tul.) L. P. Queiroz) within a
single collection area.

Emergence speed index is another important indicator
of seedling vigor. M6, M20, M86, M88, M117, M141, M145,
MI157, M164, M166, M171, M184, and M187 showed the
best performance in physiological processes, representing
16% of the mother trees (Table 2). The faster their emergence,
the greater their ability to establish in the environment,
optimizing the use of favorable conditions.

A faster seed germination speed is associated with
more rapid initial seedling growth, thus increasing the
likelihood of successful establishment. Rapid growth of the
primary root and shoot facilitates more efficient utilization of
soil water and nutrient reserves, promoting the development
of physiological processes (SMIDERLE et al., 2022).

Aratjo et al. (2020) classified the vigor of Mimosa
caesalpiniifolia Benth. seedlings based on emergence speed
index, identifying seeds from trees 6 and 9 as highly vigorous,
and those from tree 1 as less vigorous. Correia et al. (2019)
observed variations in vigor, based on emergence speed index,
when evaluating seeds from different mother trees of
Aspidosperma pyrifolium Mart.

Based on the mean emergence time, seedlings from
M9, M13, M14, M15, M22, M92, M120, and M192 exhibited
longer emergence times, whereas those from M6 and M8 had
the lowest mean emergence times. Shorter emergence time
indicates greater seed vigor (Table 2).

The differences observed in this study for emergence
percentage, emergence speed index, and mean emergence
time were attributed to variability in physiological quality of
seeds from mother trees, likely resulting from possible genetic
and/or environmental variations during seed development.

The quality of seeds from forest species, even when

harvested at physiological maturity, can be affected by
various factors, including genetic characteristics and vigor of
the mother tree (ERMIS et al., 2022), harvesting and
processing challenges, climate stress during maturation, and
inadequate storage conditions (MACIEL et al., 2020).

In this study, all seeds were collected, processed, and
stored under uniform conditions. Therefore, the differences in
genetic potential and vigor of the mother trees likely
contributed to variations in reserve accumulation, resulting in
seeds with distinct physiological potentials.

Seed vigor significantly influenced shoot length of H.
martiana seedlings, with seeds from M8, M86, M88, M117,
and M152 producing seedlings with greater shoot length,
whereas those from M9 produced less vigorous seedlings
(Table 2).

Mother trees were categorized into three groups based
on root length. The first group included M10, M11, M12,
M14, M21, M24, M73, and M152, whose seeds produced
seedlings with longer roots; the second group comprised 12
mother trees, which produced seedlings with intermediate root
length; and the third group consisted of 60 mother trees,
whose seedlings exhibited the shortest roots (Table 2).

Normal seedlings with greater root lengths are
considered more vigorous due to the greater translocation of
reserves from storage tissues to the embryonic axis during
growth. Consequently, mother trees producing more vigorous
seeds tend to generate seedlings with longer roots, while those
producing less vigorous seeds produce seedlings with reduced
growth. Therefore, the differences in physiological quality
observed among seeds from each mother tree result from a
combination of genetic, physical, physiological, and sanitary
characteristics that determine the seed quality potential
(CHEN et al., 2018).

Five distinct groups of mother trees were identified
based on shoot and root dry weights (Table 2). Seedlings from
seeds of mother trees M8, M17, M88, M114, M115, and
M152 exhibited higher shoot dry weights, indicating greater
capacity for reserve translocation to support plant growth. In
contrast, seedlings from M92 and M170 exhibited the lowest
shoot dry weights. Seedlings from mother tree M187 showed
the highest, whereas those from M10 exhibited the lowest root
dry weight.

Seedling performance, assessed by the length or dry
weight of individual parts or the entire seedling, is used to
differentiate seed lots with similar germination, with those
exhibiting the highest means considered the most vigorous
(KRZYZANOWSKI et al., 2020). The use of vigorous and
morphologically normal seedlings from species with potential
for restoring degraded areas enhances their adaptability to the
environment (GIANLUPPI et al., 2023).

Felix et al. (2023) determined the physiological quality
of seeds from different mother trees of Pityrocarpa
moniliformis Benth. through tests based on seedling
development and found that seedling length and dry weight
were effective for selecting the most vigorous mother trees.
Seedling length and dry weight measurements were effective
in distinguishing seeds of Aspidosperma pyrifolium with
varying vigor levels (CORREIA et al., 2019).

The physiological quality tests conducted on H.
martiana seeds identified three to eleven distinct groups
among the 80 evaluated mother trees, depending on the
variable, highlighting the most vigorous mother trees.

Pearson correlation coefficients (Figure 2) revealed
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that the first emergence count was positively correlated with
emergence percentage (0.65) and emergence speed index
(0.82), while exhibiting a negative correlation with mean
emergence time (—0.50). Emergence percentage exhibited a
strong positive correlation with emergence speed index (0.95).
This suggests that mother trees with higher first emergence
counts tend to yield higher final emergence percentages, with
a greater number of seedlings emerging daily and shorter

RL

SL
MET

ESI

- (I

emergence times. These traits are critical for seedling
production, as seed lots with these characteristics tend to
exhibit uniform development.

Shoot length and root length were positively correlated
with shoot dry weight (0.61) and root dry weight (0.60),
respectively (Figure 2). This indicates that dry weight
increases as shoot and root lengths increase.

RDW
SDW

[-1-0.75]
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(0,0.25]
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Figure 2. Pearson correlation among variables related to emergence and initial development of Hymenaea martiana seedlings: first emergence
count (FEC), final emergence percentage (FEP), emergence speed index (ESI), mean emergence time (MET), shoot length (SL), root length

(RL), shoot dry weight (SDW), and root dry weight (RDW).

The analysis of correlation coefficients assesses the
relationship among various plant characteristics and identifies
components that can serve as a basis for selection aimed at
improving genetic yield (DEEP et al., 2017). According to
Zuffo et al. (2016), the correlation among characteristics is
important because it elucidates the degree of influence of one
characteristic on another of economic interest, while also
enabling indirect selection.

In the Principal Component Analysis (PCA), the first
three components (PC1, PC2, and PC3) explained 81.63% of
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the total data variance (Figure 3A). This suggests that these
three components are sufficient to capture most of the
information. Regazzi and Cruz (2020) recommended retaining
components that explain 80% or more of the cumulative total
variance, along with eigenvalues greater than 1.0, based on
the Kaiser criterion. This finding confirms that PCA
effectively summarized the variables contributing to the
variability in the physiological quality of H. martiana seeds
from different mother trees.
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Figure 3. Cumulative variance and eigenvalues for physiological quality of Hymenaea martiana seeds across principal components (A) and
eigenvector loadings of characteristics in the first three principal components (PC1, PC2, PC3) (B). First emergence count (FEC), final
emergence percentage (FEP), emergence speed index (ESI), mean emergence time (MET), shoot length (SL), root length (RL), shoot dry weight

(SDW), and root dry weight (RDW).
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The studied variables exhibited varying loadings on the
principal components, reflecting their distinct contributions to
the explained variance (Figure 3B). Emergence speed index,
first emergence count, and final emergence percentage
showed high loadings on PC1, with coefficients of 0.91, 0.86,
and 0.82, respectively, indicating their significance for this
component. Conversely, mean emergence time exhibited a
negative loading on PCI, suggesting that an increase in this
variable is associated with a decrease in PCl. Mean
emergence time contributed most significantly to PC2 (0.69),
followed by final emergence percentage (0.52). Shoot length
and shoot dry weight exhibited negative loadings, indicating
an inverse relationship with this component, which may
reflect an opposition between mean emergence time and final

emergence percentage relative to shoot length and dry weight.

Root length and root dry weight exhibited the highest
contributions to PC3, with coefficients of 0.78 and 0.77,
respectively, indicating their greater relevance to this
component. First emergence count exhibited a negative
loading on PC3, indicating an inverse relationship with PC3.

A scatter plot of the first two principal components,
based on the physiological quality of H. martiana seeds from
80 mother trees, was generated (Figure 4). This plot revealed
significant variation among mother trees, enabling the
identification of those exhibiting greater distances along the
principal component axes, based on the degree of phenotypic
similarity among the grouped mother trees.
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Figure 4. Principal component analysis (biplot) of the first two principal components (PC1 and PC2) for physiological quality of Hymenaea

martiana seeds from 80 mother trees.

PCA is a multivariate statistical method designed to
evaluate complex and extensive datasets (ZAFAR et al,
2021). It can be used to assess differences among adult trees
based on morphophysiological characteristics in plants, fruits,
and seeds (MENEGATTI et al., 2017). PCA aids in the
selection of descriptors that best represent population
diversity, providing valuable information for conserving
genetic resources, simplifying gene banks, and establishing
core collections (GOMES et al., 2022). Thus, groups were
differentiated based on the first three principal components
according to seed physiological quality: the first principal
component is related to emergence capacity, the second to
speed, and the third to seedling vigor.

PCA serves as an effective multivariate approach for
evaluating seed physiological quality and can be employed to
identify mother trees with superior potential for initial vigor,
which is relevant for conservation and breeding programs, as

observed for mother trees M 187, M86, M6, and M117.

Consequently, the variability among mother trees
highlights the population's potential as a source for seed
collection to support seedling production for breeding
programs aimed at the restoration of degraded areas,
reforestation, urban arborization, and the conservation of this
species (PIMENTA et al., 2024).

CONCLUSION

A natural population of 80 H. martiana mother trees
from Areia, PB, Brazil, exhibited variation in seed
physiological quality, with first emergence count, emergence
speed index, and emergence percentage contributing the most
to this variability.
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