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Abstract: Cenostigma tocantinum is a tree native to Brazil, with high timber and urban landscape
potential. This species is propagated by seeds; however, few studies have reported the production
of seedlings with higher quality standards. This study aimed to evaluate the emergence and initial
growth of C. tocantinum seedlings of contrasting seed sizes (small and large). The design was
completely randomized with two treatments [small seed (dimensions of length 1.20 cm; width 1.00
cm; thickness 0.32 cm; and fresh weight 0.18 g) and large seed (dimensions of length 1.52 cm; width
1.35 cm; thickness 0.39 ¢cm; and fresh weight 0.37 g)] and four replicates of 25 seeds each. One
hundred seeds from each group were randomly selected for measurements of the length, thickness,
width and fresh weight. During the experiment, the following emergence and emergence speed
index (ESI) were assessed. After 10 days of sowing, the shoot and root lengths, stem diameter, and
shoot and root dry weights were assessed. The results showed that the length, width, thickness,
and fresh weight of large seeds were 27, 35, 22, and 106% greater, respectively, than those of the
small seeds. Regarding emergence (ranging from 21.8 to 23.8%) and ESI (ranging from 4.4 to 4.8), no
significant differences were observed (P > 0.05) between large and small seed sets. More
importantly, large seeds favored the development of seedlings with shoot length, root length, collar
diameter, shoot dry weight, and root dry weight that were 29, 38, 17, 93, and 109% higher,
respectively, than those of small seeds. Thus, C. tocantinum seeds can be stratified into two
different sizes (small and large), with large seeds providing the initial growth of more vigorous
seedlings (e.g., growth, development, and dry weight). The findings of this study can aid seedling
producers in improving their product to meet higher quality standards.
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Introduction seedlings with a higher quality standard (Leao et al., 2018a;

Leao et al., 2023).

Cenostigma tocantinum (Fabaceae family) is a tree species
native to Brazil, with a wide occurrence in the Amazon
Biome, especially in the Terra Firme Forest and Varzea
Forest vegetation (Gaem, 2023). This tree is of great
significance for its high timber value; however, it is widely
used in urban landscaping projects (Almeida et al., 2015;
Gaem, 2023). C. tocantinum is a commonly used native
species in the afforestation of cities in the North of Brazil
owing to its desirable characteristics, such as straight trunk,
fast growth, slightly aggressive root system and leafy
canopy, which in turn provides efficient shading without
releasing a large number of leaves (Lima Junior et al., 2022).
C. tocantinum seedlings are primarily produced from seeds
(Lima Junior et al., 2022). However, to achieve successful
forest restoration in habitats with a high degree of
degradation, strategies that guarantee seedling production
with greater vigor should be developed (Guariz et al., 2021).
Thus, the physical (e.g., size, weight, color, and moisture
content) and physiological (e.g., germination and vigor)
characteristics of seeds are essential for the production of
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In agricultural crops, genes affecting seed size are well
reported. This can be exemplified by the size and shape of
rice seeds in what is widely accepted to be complex traits
controlled by polygenes (GS3, GW2, gSW5/GW5, and GIFT)
and numerous quantitative trait loci (Yan et al., 2011). In
parallel, seed reserves have important effects on initial
seedling growth, improving growth and development
(Kennedy et al., 2004). Furthermore, the environment also
plays a role in this entire process, since the different plant
species require specific requirements regarding nutrition,
water availability, photoperiod, and others (Fenner, 1992). In
contrast, native trees from the Brazilian Amazon have little
or no information available in scientific literature.

Seed size is a characteristic that presents great variability
and is defined by length, width, and thickness (Leéo et al.,
2018b). For numerous native tree species, seed size can
influence germination potential, because smaller seeds
generally have lower reserves, which can affect their ability
to germinate and grow, particularly in dry environments
with low soil fertility (Kennedy et al., 2004; Ambika et al.,
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Table 1. Size classification of C. tocantinum seeds according to length, width, thickness, and fresh weight.

Size  Length (cm) Width (cm) Thickness (cm) Fresh weight (g)
Small 1.20+0.12 1.00+0.13 0.32+0.06 0.18 £ 0.06
Large 1.52+0.07 1.35+0.08 0.39 +0.06 0.37 £ 0.05
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Figure 1. Cenostigma tocantinum seeds. Top row

indicates the hilum.

2014). In contrast, larger seeds tend to produce more
vigorous and resistant seedlings, with a greater capacity for
survival and growth under adverse environmental
conditions (Mota et al., 2019).

In this study, we investigated the germination and
emergence of C. tocantinum seedlings with contrasting seed
sizes (small and large) to generate information for seedling
production with greater quality standards for this species.

Results and discussion

For native tree species of high commercial value that have
not been studied in plant genetic improvement programs,
developing feasible strategies is essential for seedling
producers to obtain seedlings with higher quality standards
(Leao et al., 2018b). Manual stratification of C. tocantinum
seeds into two groups, small and large, showed that large
seeds tend to produce seedlings with greater vigor and dry
mass.

C. tocantinum seeds showed significant differences in all the
evaluated size and fresh weight traits (P < 0.01). Notably,
the large seeds had a length, width, thickness, and fresh
weight up to 27, 35, 22, and 106% greater, respectively, than
those in the small seeds (Figure 2).

Here, the two distinct groups of seed sizes (small and large)
in this study indicate that the presence of phenotypic
variability can be exploited by seedling producers, as it is
possible to stratify seeds into these groups to obtain better
results in seedling production. This result can be explained
by genetic and environmental factors (climate and soil), in
line with the fact that C. tocantinum is a non-domesticated
species, which in turn leads to the production of fruits and
seeds with variable phenotypic aspects of size and weight
(Ledo et al., 2018b). It should be noted that there are no
conclusive studies on the reproductive system of C.
tocantinum, and allogamy is suspected (Almeida, 2014).
Based on this, and considering the fact that the mother
trees of C. tocantinum in the current study were in an
environment without pollen flow control, it is difficult to
infer how much this may have affected seed size.
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We emphasize that although genetic and environmental
factors influence seed traits, we cannot neglect that the
formation of smaller seeds is also due to positional issues
with fruits. In general, a fruit can contain up to six seeds
distributed in a dry legume type with a narrower base than
the apex; the seeds formed in this region of the base during
morphogenesis tend to be smaller than those formed in the
center or apex (Lima Junior et al., 2022).

The percentage of seedling emergence for small and large
seeds was 21.8 and 23.8%, respectively. Although large seeds
provided superior emergence compared with that in small
seeds, the difference was not statistically significant (P >
0.05). Furthermore, the average germination speed index
tended to be higher for small seeds than for large seeds
(ranging from 4.4 to 4.8), but with no statistical difference (P
> 0.05). These results clearly show that seedling emergence
and the speed at which it occurs are independent of the
seed size. In general, seed size does not always interfere
with emergence (Cazetta et al., 1995), which corroborates
the results of the present study.

Although seed size can be indicative of physiological quality
(Popinigis, 1985), seedling emergence was not significantly
different between the two sizes of C. tocantinum seeds, as
both smaller and larger seeds were collected directly from
the trees during the same period. This finding indicates that
physiological differences within the same seed lot may be
associated with other factors, such as a lack of
standardization during harvest (Ledao et al, 2015;
Krzyzanowski et al., 2022).

Small and large seeds showed significant differences in
growth characteristics and seedling dry mass (P < 0.01).
Large seeds favored the development of seedlings with
shoot length, root length, collar diameter, shoot dry mass,
and root dry mass being up to 29, 38, 17, 93, and 109%
higher, respectively, than those in small seeds (Figure 3).
The response patterns in seedling growth and initial
development clearly showed a dependence on seed size.
This response may be associated with the formation phase
of the fruits and seeds, which received the greatest amount
of assimilates during their development; well-formed
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Figure 2. Box-plot of biometric traits of Cenostigma tocantinum seeds stratified into small and large seeds: length (A), width (B),
thickness (C), and fresh weight (D) (n = 100). Asterisks indicate significant differences between treatments (*P < 0.05 and **P <
0.01, two-tailed t-test) and NS, non-significant.

embryos had greater amounts of reserves at the end of
growth and development (Dresch et al, 2013). These
substances are mobilized during embryo growth, where
during seedling development their degradation products are

used as a source of energy and substrate for cellular
structures. Thus, later in the germination phase, the
development of more vigorous seedlings with greater
biomass will potentially occur considering that the entire
endosperm is absorbed by the embryo to resume growth
and seedling formation (Mota et al., 2019; Doll and Ingram,
2022).

Our findings offer possibilities to explore seed size in C.
tocantinum as a strategy for obtaining seedlings with higher
quality standards. In future work, it will be important to
address seed size by comparison different mother trees to
understand the impact of genotype on seed size of this
species.

Materials and Methods

Plant material and seed extraction

C. tocantinum fruits were harvested directly from the crown
of three mother trees located in Altamira, Para, Brazil. The
trees were selected with a minimum distance of 50 m from
each other, in order to avoid the selection of half-sibs.
Furthermore, the absence of phytosanitary problems (attack
by insect pests and diseases) was considered. After
harvesting, the fruits were dried in a shaded and protected
environment, followed by manual extraction and seed lot
formation as described by Leao et al. (2015). Then, a seed lot
was formed containing seeds from three mother trees. The
experiment was conducted at the Microbiology Laboratory
of the Federal University of Para, Altamira Campus, Para,
Brazil.
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Contrasting seed sizes

The seed lot was subdivided into two groups of seeds of
different sizes: small and large (Table 1; Figure 1).
Subdivisions were performed manually, considering the size
of the seeds. One hundred seeds from each group were
randomly selected for size measurements using a digital
caliper with a precision of 0.01 mm. The length was
measured from the apex (region of the hilum) to the base
(region opposite the hilum), and thickness and width were
measured in the intermediate region. In addition, fresh
weight was measured using a precision analytical balance.

Seedling emergence

The emergence test was conducted under ambient
conditions [natural light conditions, relative humidity air (~
80%), and a temperature of approximately 27 = 3 °C],
consisting of four replicates of 25 seeds, on sand substrate
(previously washed in running water and sterilized in an
oven at 120 °C for 24 h) with sawdust (sterilized in an oven
at 120 °C for 4 h) in a ratio of 1:1. They were then packed in
plastic trays. Irrigation was performed daily whenever
necessary (at low substrate humidity).

During the experiment, the following physiological traits
were assessed: i) emergence (E;%): the percentage of seeds
that emerged was calculated using the following equation:
E = (Zf1n;/n) 100; where i = 1 is the first day of
evaluation of the emergence test, k is the last day of
evaluation of the emergence test, ni is the number of
emerged seeds on day i, and n is the total number of seeds
placed; and ii) emergence speed index (ESI): the ESI was
calculated using the following equation (Maguire, 1962):

ESI = ), (%), where nj is the number of seeds emerging at

time i, and tiis the time after test installation.
After 10 days of sowing, the shoot and root lengths, stem
diameter, and shoot and root dry weights were assessed.
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Figure 3. Growth of Cenostigma tocantinum seeds based on size: seedlings from small (left) and large (right) seeds (A), shoot
length (B), root length (C), collar diameter (D), shoot dry mass (E), and root dry mass (F) (n = 25). Asterisks indicate significant
differences between treatments (*P < 0.05 and **P < 0.01, two-tailed t-test) and NS, non-significant.

Experimental design and statistical analysis

The design was completely randomized with two
treatments (small and large seed sizes) and four replicates
of 25 seeds. Seed data (length, width, thickness, and fresh
weight) were evaluated using descriptive statistics by box
plot, and seedling data (percentage of emergence; shoot and
root length, stem diameter, and dry weight of shoot and
root) were compared using a two-tailed t-test (P < 0.05 and
P<0.01).

Conclusion

C. tocantinum seeds can be stratified into two different sizes
(small and large). Notably, large seeds lead to the initial
growth of more vigorous seedlings (greater growth,
development, and dry mass). The results of this study can
be applied to obtain vigorous and resistant seedlings with
greater potential to survive under adverse environmental
conditions.
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