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Abstract

This study aimed to adapt the methodology of the electrical conductivity test to detect differences in vigor between seeds of
Libidibia ferrea of different masses. The seeds were classified according to their individual mass: small seeds < 0.14 g, medium
seeds 0.15 < x £0.19, large seeds > 0.20 g. Subsequently, seed morphology (length, width, thickness, water content, and weight of
1000 seeds), and the initial physiological potential of the seeds (germination, first count, average time, average speed, germination
rate coefficient, germination and emergence rate index, emergence percentage, seedling length, and dry mass) were determined.
The electrical conductivity was conducted in a 3 x 12 factorial scheme with three seed masses and 12 immersion periods (2, 4, 6, 8,
10, 12, 14, 16, 18, 20, 22, and 24 h), in volumes of 50 and 75 mL of water, with 25 and 50 seeds, respectively. The physical and
physiological variables of the seeds were highly correlated with the electrical conductivity test. The seed mass of L. ferrea has a
direct relationship with its physiological potential, with the seeds of mass > 0.20 g classified with high vigor; the seeds of mass 0.15
< x £ 0.19 with intermediate vigor; and the seeds of mass < 0.14 g with low vigor. The electrical conductivity test is efficient in the
evaluation of the physiological potential of L. ferrea seeds of different masses when conducted with 25 seeds soaked in 50 mL of
distilled water for 4 h.

Keywords: Juca, Physiological potential, Seed classification, Seed size, Vigor test.

Abbreviations: WTS_weight of one thousand seeds; L_length; W_width; T_ thickness; WC_ water content; G_ germination; FGC_
first germination count; AGT_ average germination time; AGS_ average germination speed; CSG_ coefficient speed germination;
GSI_ germination speed index; E_ emergence; ESI_ emergence speed index; RLFC_ root length in the first count; SLFC_ shoot length
in the first count; RL_ root length; SL_ shoot length; TLS_ total length of seedling; DMR_ dry mass of the root; DMS_dry mass of the
shoot; TDM_ total dry mass of seedlings; DMC_ dry mass of the cotyledons; EC_ electrical conductivity; CV_ coefficient of variation;
SM__seed masses; P_periods.

Introduction

Libidibia ferrea (Mart. Ex Tul.) L. P. Queiroz var. ferrea, To obtain more consistent information about the
popularly known as ‘pau ferro’ and/or ‘jucd’, is a legume physiological potential of seeds, vigor tests are performed in
belonging to the family Fabaceae-Caesalpionoideae, that is addition to germination tests. However, there is no
widely distributed in the northeast region of Brazil, more universally accepted vigor test to determine the
specifically in the Caatinga tree and shrub regions. It is a tree physiological potential of a given species, or a genus (Alves
that is used for economic, environmental, nutritional, and et al., 2016). This becomes even more evident when it
landscape purposes (Lorenzi, 2002; Camara et al., 2008). comes to the seeds of forest species, because the wide
The classification of seeds according to mass has been a biomorphological variability of both fruits and seeds has
useful practice. According to Oliveira et al. (2016) and hindered the establishment of techniques for seed quality
Soleymani (2019), it assists in the identification of the ideal and production (Martins et al., 2009).

class of seed to produce seedlings of high vigor. Although Electrical conductivity is a vigor test routinely used in seed
there is much research related to the effect of seed mass on analysis laboratories, as it has a high correlation with the
the physiological potential of many cultivated species, for emergence of seedlings in the field (Leite et al., 2019).
forest seeds, this subject is unfamiliar. However, the efficacy of this test is dependent on some

factors, such as temperature, soak period, water quantity,
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and seed quantity and mass (Bewley et al., 2013), which
reinforces the need to improve and adjust the methodology
of this rapid vigor test. However, for L. ferrea seeds this
methodology is not yet established, only the tetrazolium
(Carvalho et al., 2017) and exudate pH (Souto et al., 2019)
tests are standardized in the literature.

The effect of seed mass on the adjustment of vigor
methodologies has been investigated by some researchers,
for example, Oliveira et al. (2016), who observed by the
electrical conductivity test the stratification of vigor in the
seeds of Acacia mangium Willd., with low performance of
small seeds and high vigor of large seeds. On the other hand,
the electrical conductivity test was not efficient in separating
seed lots of different sizes in Piptadenia moniliformis Benth.
(Azeredo et al., 2016).

Research aimed at identifying the relationship between seed
mass and physiological potential is fundamental in adjusting
vigor methodology, so that the performance of seeds in the
field can be estimated consistently. This helps producers,
nurseries, and seed technologists to choose seed lots of
superior quality. The present study aimed to determine
which methodology of the electrical conductivity test was
best suited to detecting differences in the vigor of L. ferrea
seeds of different mass.

Results

Physical characterization of seeds

A statistical analysis of the separation of seed lots in
different masses revealed a significant difference in the
variables studied, with emphasis on the large seed lot, which
resulted in the highest values for the average weight of one
thousand seeds, length, width, and thickness (Table 1). The
initial water content of the seeds in each studied lot (Table
2) was uniform (10.3 to 10.6%), varying on average 0.3%.

Assessment of initial physiological potential

The seeds, independent of their mass, had similar
germination (Table 2), with values of ~90%, indicating a good
physiological quality in the studied seed lots. In the
evaluation of the first count (FGC) and germination speed
represented by average time (AGT), average speed (MGV),
and germination speed coefficient (GSC) (Table 2), it was
found that the seeds > 0.20 g had the lowest values, which
did not differ in turn from medium-mass seeds (0.15 < x <
0.19 g).

As for the germination speed index (GSI) and emergence
speed (ESI), as well as the emergence (E%) (Table 2), it was
not possible to detect significant variations in seed
performance in the different mass groups, revealing them to
be less sensitive in the stratification of lots as to their
physiological potential.

Analyzing the data of seedlings obtained in the first
germination count (Table 3), it was found that the evaluation
by root length (RLFC) was efficient in the ranking of the lots,
indicating superiority for the larger seeds, which in turn did
not differ from the medium mass seeds.

In the second test count, performed 14 days after sowing
(Table 3), it was possible to confirm again the superiority of
the larger (> 0.20 g) and medium (0.15 < x < 0.19 g) seed
lots, using the variables root length (RL), shoot length (SL),
and total length (TLS). However, the dry mass of the roots
(DMR), shoots (DMS), and cotyledons (DMC), as well as the
total dry mass (TDM) of seedlings were more sensitive in
predicting differences in vigor, and were able to classify the

114

seeds of high vigor (large), intermediate vigor (medium), and
low seed vigor (small seeds).

Among the variables analyzed, the length of the shoot (SLFC)
performed in the first count (Table 3) was not effective in
detecting different levels of physiological potential, showing
little sensitivity in the evaluation of the vigor of L. ferrea
seeds of different mass.

Test of electrical conductivity

In relation to electrical conductivity, a significant interaction
was observed between the seed mass and the periods of
immersion (Table 4 and Table 5). The electrical conductivity
in the volume of 50 mL ranged from 8.3 to 168.8 ps em™ g'l,
while in the volume of 75 mL, this amplitude was smaller,
ranging from 3.7 to 92.8 us cm™ g’l’ after 2 and 24 h of
immersion, respectively. The combinations of water volume
(50 and 75 mL) and seed quantity (25 and 50 seeds)
facilitated the stratification of three levels of vigor in L.
ferrea seeds of different mass, with variations in the periods
of immersion (Table 4).

In all the studied combinations, it was observed that the
large seeds were more vigorous, followed by medium seeds
with intermediate vigor. The lot represented by the small
seeds presented higher values of electrical conductivity and
were classified as low vigor seeds (Table 4 and Table 5).

The 50 mL of water with 25 and 50 seeds allowed us to
distinguish seed lots of low (small seeds) and high (large
seeds) vigor (Table 4), in the first 2 h of soaking. On the
other hand, when the volume of water was increased to 75
mL, vigor stratification was only possible after 4 h of
immersion, independent of the number of seeds used. In the
stratification, the superiority of large and medium seeds and
the low performance of small seeds were always verified
(Table 5).

The combination of a period of 4 h with 50 mL (Table 4) and
6 h with 75 mL (Table 5), independent of the number of
seeds used, provided greater sensitivity in detecting
differences in physiological potential, making it possible to
separate lots into three different levels of vigor. These
results were similar to those obtained for the weight of one
thousand seeds (WTS), seed length and width, root dry mass
(DMR), shoot (DMS), total (TDM), and cotyledon mass
(DMC), verifying the superior performance of the lot
represented by the seeds of mass > 0.20 g, intermediate
performance in the seeds with mass 0.15 < x < 0.19 g, and
low vigor in the seeds of mass < 0.14 g (Table 1 and Table 3).
The concentration of leachate in the lot represented by
seeds of superior quality (large seeds) was 27,3 us em? g'1
and 23,3 us em? g’1 for 25 and 50 seeds, respectively, after 4
h of immersion in the 50 mL volume, and 23,4 us cm? g'1 (25
seeds) and 14.5 ps em™ g'1 (50 seeds) for 6 h in 75 mL of
water, reflecting directly in the weight, length, and width of
seeds, as well as in the accumulation of dry mass of the
seedlings. Therefore, there is a relationship between the
amount of electrolytes released by the seeds and the
development of the seedlings, as was potentially observed
by the accumulation of dry mass of the seedlings (Table 3).

Pearson’s correlation analysis

Germination (G) was moderately and negatively correlated
with electrical conductivity (25 seeds/4 h/50 mL; -0.57).
However, it was possible to obtain a strong negative
correlation with EC for 4 h and 6 h in volumes of 50 and 75
mL, respectively, with 25 and 50 seeds. Most of the vigor



Table 1. Weight of one thousand seeds (WTS), length (L), width (W), and thickness (T) of Libidibia ferrea seeds classified with
different masses.

Small Medium Large CV (%)
WTS (g) 127.8 c 173.5 b 217.1 a 1.0
L (mm) 7.6 C 9.5 b 10.4 a 1.4
W (mm) 5.8 c 6.3 b 6.5 a 0.8
T (mm) 4.0 b 43 a 4.5 a 1.8

'Comparison of means within each line (Tukey test, p < 0.05).

Mass<0.14 g

Mass 0.15<x<0.19¢g

Mass>0.20 g

Fig 1. Libidibia ferrea seeds classified with different masses (Small: <0.14 g; Medium: 0.15 < x<0.19 g; and Large: 2 0.20 g).

Table 2. Water content (WC), germination (G), first germination count (FGC), average time (AGT), average speed (AGS), speed
coefficient (SGC), germination speed index (GSI), emergence (E), and emergence speed index (ESI) of Libidibia ferrea seedlings
classified with different masses.

Small Medium Large CV (%)

WC (%) 10.3 10.6 10.5 -

G (%) 89.0 a 94.0 a 95.0 a 55
FGC (%) 69.0 a 51.0 ab 400 b 193
AGT (days) 5.8 a 6.3 b 6.4 b 3.0
AGS (days ™) 0.2 a 0.1 b 0.1 b 3.4
SGC (%) 17.4 a 15.8 b 15.7 b 3.2
GSl 41 a 3.8 a 3.8 a 89

E (%) 100.0 a 100.0 a 100.0 a 00
ESI 40 a 40 a 41 a 49

Comparison of means within each line (Tukey test, p < 0.05).

Table 3. Root length (RLFC) and shoot (SLFC) in the first germination count, root length (RL), shoot (SL) and total of seedling (TLS) in
the second germination count, dry mass of the root (DMR), shoot (DMS), total (TDM), and cotyledons (DMC) of Libidibia ferrea
seedlings from seeds classified with different masses.

Small Medium Large CV (%)
RLFC (cm pI™) 4.00 b 4.50 ab 4.80 a  6.60
SLFC (cm pl™) 3.60 a 3.30 ab 4.10 a  12.00
RL (cm pl™?) 6.30 b 8.20 ab 8.80 a 670
SL(cm pl™) 8.70 b 10.00 ab 10.40 a 330
TLS (cm pl™) 15.00 b 18.10 ab 19.20 a 520
DMR (g pI™) 0.007 c 0.009 b 0.011 a 650
DMS (g pl™) 0.01 c 0.02 b 0.03 a 7.0
TDM (g pl™) 0.02 c 0.03 b 0.04 a  6.40
DMC (g pl™) 0.01 c 0.02 b 0.03 a 5.0

'Comparison of means within each line (Tukey test, p < 0.05).
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Table 4. Electrical conductivity (us cm™ g‘l) of Libidibia ferrea seeds classified with different masses in samples of 25 and 50 seeds,

soaked in 50 mL of water in different periods of immersion.

25 seeds
Periods (P) Seed masses

(SM)

Small Medium Large
50 mL of water
2h 29 Ab 16 Aab 10
4h 74 Bc 52 Bb 27
6h 113 Cc 80 Cb 48
8h 131 Dc 105 Db 65
10h 142 DEc 116 DEb 82
12h 145 DEc 124 EFb 95
14h 145 DEF c 127 EFb 99
16h 157 EFGc 128 EFb 110
18h 163 FGc 131 EFb 113
20h 165 Gc 133 EFb 120
22h 165 Gc 135 Fb 121
24h 167 Gc 137 Fb 121
F (SM) 486
F(P) 319
F(SM x P) 3
v (%) 7

Aa
Aa
Ba
BCa
CDa
DE a
DE a
EF a
EF a
Fa
Fa
Fa

50 seeds

Small Medium Large
19 Ab 11 Aab 8 Aa
60 Bc 35 Bb 23 Ba
89 Cc 61 Cb 40 Ca
113 Dc 78 Db 58 Da
125 Dc 96 Eb 76 Ea
140 Ec 102 EFb 86 EF a
144 EFc 109 EFG b 95 FGa
145 EFc 114 FGb 100 FGHa
149 EF c 117 GHb 106 GHla
150 EF c 128 HI b 113 Hla
152 EF c 129 HI b 114 1la
156 Fc 132 Ib 115 1la

633

536

6

" For each combination of seed quantlty and water volume, the means followed by the same lowercase letter in the row (seed masses) and uppercase in the column (periods of immersion) do not

differ statistically by the Tukey test, “and 5|gn|f|cant at 1% and 5%, respectively, by test F.

Table 5. Electrical conductivity (us em? g'l) of Libidibia ferrea seeds classified with different masses in samples of 25 and 50 seeds,

soaked in 75 mL of water in different periods of immersion.

25 seeds
Periods Seed masses
(P) (SM)

Small Medium Large
75 mL of water
2h 12 Aa 6 Aa 5
4h 35 Bb 21 ABa 15
6h 54 Cc 35 BCb 23
8h 66 CDhc 45 CDb 34
10h 77 DE c 54 DEb 38
12h 84 EFc 65 EFb 52
14h 87 EFc 74 FG b 59
16h 90 EF b 75 FGa 65
18h 91 EFc 80 FG b 67
20h 91 EFb 80 Ga 71
22h 92 EF b 81 Ga 71
24h 93 Fb 84 Gb 72
F (SM) 181"
F (P) 183"
F(SM x P) 2
CV (%) 11

Aa
AB a
BCa
Ca
CDa
DE a
EF a
EF a
Fa
Fa
Fa
Fa

50 seeds

Small Medium Large
9 Aa 5 Aa 4 Aa
27 Bb 17 ABa 10 ABa
38 Bc 25 Bb 15 ABC a
54 Cc 37 Cb 18 BCa
64 CDc 48 CDb 25 CDa
70 DEc 57 DEb 37 DE a
80 EFc 63 EFb 42 EFa
83 FGc 68 EFG b 49 FGa
88 FGc 73 FGb 58 GH a
91 FGc 75 Gb 61 GH a
92 FGc 76 Gb 63 Ha
92 Gc 77 Gb 63 Ha

387

293"

2

10

" For each combination of seed quantlty and water volume, the means followed by the same lowercase letter in the row (seed masses) and uppercase in the column (periods of immersion) do not

differ statistically by the Tukey test, “and 5|gn|f|cant at 1% and 5%, respectively, by test F.

indicators (WTS, L, W, T, RLFC, RL, SL, TLS, DMR, DMS, DMC,
and TDM) indicated that the higher the seed mass, and the
growth and accumulation of dry mass of seedlings, the lower
the EC value. On the other hand, the emergence, GSI, and
ESI did not correlate significantly with the electrical
conductivity test (Table 6).

Discussion
The results proved that there is a direct relationship
between the weight of one thousand seeds, the length and
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width of the seeds, and seed mass (Table 1). The water
content of the seeds (Table 2) was within the maximum limit
(2%) required for the performance of tests that evaluate the
physiological potential of the seeds, indicating safe and
reliable results (Marcos-Filho, 2015).

According to Zareian et al. (2013), when assessing the
germination of seeds according to the mass, the results are
often not significant because the amount of reserve present
in the seeds may be sufficient to initiate the germination
process. Thus, depending on the germination criterion used,



Table 6. Pearson correlation coefficients between variables on physical and physiological characteristics of Libidibia ferrea classified

with seeds of different masses.

WTS 0.94 0.97
L -0.89 0.96
W -0.87 0.94
T -0.84 0.90
G 0.57 -0.36™
GSI 0.24™ 0.50™

E -0.38™ -0.35™
ESI -0.31™ -0.36™
RLFC 071 0.74
SLFC -0.49™ -0.28™
RL -0.81 -0.86
sL -0.84 091
TLS 0.83" -0.89
DMR -0.89 0.93
DMS -0.90 -0.93
DMC -0.94 -0.93
TDM -0.90 0.94
EC:25S/4H/50mL 0.87

EC:50S/4H/50MI
EC:25S/6H/75MI
EC:50S/6H/75MI

-0.89 -0.90
-0.88 -0.89
-0.90 -0.80
0.76 -0.86
-0.39™ -0.31™
0.32™ 0.49™

-0.50™ -0.10™
-0.53"™ -0.27™
0.69 0.82
-0.27"™ -0.45™
0.79 071
0.82 072
0.81 072
-0.85 0.78
-0.90 0.81

-0.85 -0.89
-0.90 -0.81
0.84 0.80

0.93 0.88

0.76

“and significant at 1% and 5% probability at t-test respectively; ™: not significant at 5% probability by t-test.

WTS: weight of a one thousand seeds; L: length; W: width; T: thickness; G: germination; GSI: germination speed index; E: emergence; ESI: emergency speed index; RLFC: length of seedling root at
first count; SRFC: length of shoot of seedlings at first count; RL: root length; SL: shoot length; TLS: total length of seedlings; DMR: dry mass of root; DMS: dry mass of shoot; DMC: dry mass of
cotyledons; TDM: total dry mass of seedlings; EC: 255/4H/50mL: electrical conductivity with 25 seeds soaked for 4 hours in 50 mL of water; EC: 50S/4H/50mL: electrical conductivity with 50 seeds
soaked for 4 hours in 50 mL of water; EC: 255/6H/75mL: electrical conductivity with 25 seeds soaked for 6 hours in 75 mL of water; EC: 50S/6H/75mL: electrical conductivity with 50 seeds soaked for

6 hours in 75 mL of water.

these differences may not be detected, as was verified in the
different seed classes in the present study (Table 2).

The higher germination speed in smaller seeds when
compared to larger seeds may be related to the thickness of
the seed coating. This is a characteristic that can be inversely
proportional to the water absorption speed; that is, the
larger the seed area, the longer the time taken to obtain the
minimum water content to initiate the germinative
metabolic process (Carvalho and Nakagawa, 2012;
Mendonga et al., 2016).

Thus, it could be said that the smaller seeds of L. ferrea
(Table 2), because they have a larger contact surface per unit
of mass, hydrated their tissues more quickly, accelerating
the germination process, and consequently, required less
water to induce root protrusion when compared to larger
seeds. The higher germination speed in smaller seeds when
compared to larger seeds was also observed by Dera et al.
(2019) in Prosopis africana Taub.

The speed of germination (IVG) and emergence (IVE), as well
as the emergence percentage, were not efficient in
estimating the vigor of L. ferrea seeds of different masses
(Table 2). Biruel et al. (2010), working with different sizes
and formats of L. ferrea seeds, verified contradictory results,
because, according to the authors, the lowest germination
speed was obtained for smaller seeds. Thus, the differences
observed between the studies with this species may be
related to the criteria of seed classification.

In the present study, for example, the individual seed mass
was chosen, while Biruel et al. (2010) used the diameter to
obtain different classes. The divergence of results in tests
that evaluated the physiological potential of seeds as a
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function of seed mass was verified in other native species,
such as in Sideroxylon obtusifolium seeds (Roem. & Schult.)
Penn. (Silva, 2015) and Anadenanthera colubrina (Vell.)
(Bispo et al., 2017).

The length of seedlings was efficient in the stratification of
the L. ferrea seeds. However, the dry mass of the seedlings
was more sensitive in detecting the vigor levels, indicating
superior performance of the seeds > 0.20 g, followed by the
medium and small seeds (Table 3). According to Amaro et al.
(2015) and Oliveira et al. (2015), larger seeds are more
vigorous, because they have more reserve material and are
more skilled in the transformation of tissues, leading to
seedlings with higher growth rates and accumulation of dry
mass. Therefore, these results confirm the effectiveness of
seedling length and dry mass testing in classifying the vigor
of seed lots of L. ferrea of different mass.

The greater permeability of the membrane system of smaller
seeds, such as the < 0.14 g seeds in the present study (Table
4 and Table 5), according to Moncaleano-Escandon et al.
(2013) and Marcos-Filho (2015) may be associated with the
low physiological potential of these seeds. Because they are
more deteriorated, they have a membrane system with
reduced selective activity, increasing their permeability
during the water absorption phase of the germination
process, resulting in the leaching of larger amounts of
electrolytes to the external medium.

According to Menezes et al. (2007), at the beginning of seed
conditioning to perform the test, the electrolyte release for
the soaking solution is intense in vigorous seeds or not,
making it difficult to categorize the seed lots, especially
those with a narrow difference in physiological potential.



However, over the period of immersion, the tendency is that
the seeds of high vigor reorganize the cell membranes more
quickly, resulting in the stabilization of exudates. Thus, from
that moment on, the separation of seeds is possible with
respect to their physiological potential. This is evidenced by
the more consistent results after 4 and 6 h of immersion in
volumes of 50 and 75 mL, respectively, in the present study
(Table 4 and Table 5).

The strong, positive correlation between electrical
conductivity and morphology, as well as the tests of length
and dry mass of seedlings (Table 6) reinforce the hypothesis
of Oliveira et al. (2015) that high EC values are associated
with less integrity and organization of cell membranes,
which classifies the seeds as less vigorous and, therefore,
with a lower capacity to produce high performance seedlings
due to higher degree of deterioration, as observed in seeds <
0.14 g in the present study.

The absence of significant correlation between emergence,
germination, and most vigor tests (Table 6) was also
reported by Gonzales et al. (2011) in seeds of Corymbia
citriodora (Hook.) K.D. Hill & L.A.S. Johnson, and Araujo et al.
(2017b) in Leucaenaleu cocephala (Lam.) from Wit. seeds.

It can be affirmed, therefore, that the electrical conductivity
test can be applied in the evaluation of the physiological
potential of L. ferrea seeds of different mass, due to its high
correlation with most traditional vigor tests. Thus, it can be
included in seed quality control programs, estimating, even
in early stages, the degree of deterioration and guaranteeing
the success of plants in the field.

Seed mass, sample size, water volume, and seed soaking
periods are factors that considerably affect electrical
conductivity and therefore need to be adjusted to
standardize this methodology in different species, to obtain
consistent results. Thus, the use of 25 and 50 seeds soaked
in 50 mL of distilled water for at least 4 h or in a volume of
75 mL for 6 h, are suitable for carrying out electrical
conductivity tests in L. ferrea seeds of different mass.
Considering the low availability of seeds of this species and
the speed at which the results are obtained (which is one of
the main characteristics of the vigor tests), it s
recommended that this test be conducted using a
combination of 25 seeds in 50 mL for 4 h.

Materials and methods

Plant materials and experimental design

The experiment was conducted in the Plant Propagation
Laboratory belonging to the Federal University of Alagoas.
The mature fruit of L. ferrea were harvested from trees of
forest fragments located in the rural zone of the municipality
of Paranatama in the state of Pernambuco, Brazil (8°52' 59"
S; 36°34'36" W) in December 2017. After harvest, the fruit
was transferred to the laboratory for the manual extraction
of the seeds, which was performed by the lateral opening of
the pods with a hammer. The seeds that were visibly healthy
and free from mechanical injuries were selected for
conducting the experiments.

A completely randomized experimental design was used,
with four replicates.

Classification of the seeds

The seeds were visually separated into three classes (Figure
1). Later, 500 seeds of each predefined class were weighed
individually with an analytical balance (precise to 0.0001g) to
obtain the intervals of the mass classes, according to the
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methods of Alves et al. (2005), and Pagliarini et al. (2014).
The seeds were classified into small (< 0.14 g), medium (0.15
<x<0.19 g), and large (= 0.20 g).

Physical characterization of seeds

Weight of one thousand seeds (WTS) was carried out with
eight sub-samples of 100 seeds of each seed mass (Brasil,
2009). Seed biometrics (length, width, and thickness) were
performed on 200 seeds of each seed mass, with the aid of a
digital caliper with an accuracy of 0.01 mm. The results were
expressed in millimeters for each seed mass. Water content
(WC) of seeds was determined by the oven method at 105 +
3 °C, with four replicates of 10 seeds. The results were
expressed as percentage (wet base) for each seed mass
(Brasil, 2009).

To overcome the tegumentary dormancy, seeds of each
class of the species under study were soaked in
concentrated sulfuric acid (96% H,SO,) for 15 min, followed
by washing in running water for 20 min for the complete
removal of the acid (Araujo et al., 2017a).

Assessment of initial physiological potential

Germination test (G) - Four replications of 25 seeds were
used. Seeds were placed to germinate on paper towels,
previously sterilized in an autoclave and moistened with
distilled water in the amount equivalent to 2.5 times the
weight of dry paper. Seeds were packed in plastic bags and
kept in germination chambers at 30 °C (Brasil, 2009, 2013).
The evaluations were carried out according to the criteria
established by Biruel et al. (2007), in which the first count
was carried out on the sixth day, and the final germination
count was on the 14th day after sowing, with results
expressed as the average percentage of normal seedlings for
each seed mass.

At the end of the germination test, the average time (AGT)
(Labouriau, 1983), average speed (AGS) (Labouriau, 1970),
speed coefficient (SGC) (Nichols and Heydecher, 1968), and
germination speed index (GSI) (Maguire, 1962) were
calculated.

Seedling length - On the first (sixth day) and last count (14
days) of the germination test, the measurements of the root
and shoot of the normal seedlings of each subsample were
made with the aid of a centimeter ruler. The results were
expressed in centimeters per seedling for each mass of
seeds (Krzyzanowski et al., 1999).

Dry mass of seedlings - The roots, shoots, and cotyledons of
the normal seedlings of each replicate obtained from the
final germination test count (14 days) were packed
separately in ‘Kraft’ paper bags and placed in a forced
ventilation oven for 24 hours, at 80 2C. The results were
expressed in grams/primary root, hypocotyl, cotyledon, and
seedling for each seed mass (Nakagawa, 1999).

Emergence test (E) - Eight replicates of 25 seeds of each seed
mass were sown 1.5 cm deep in polyethylene plastic bags
containing a mixture of soil and dried bovine manure in a
ratio of 2:1 (soil:manure), and kept in a greenhouse. We
computed the number of seedlings that emerged until
stabilization. The emergence of the hypocotyl on the
substrate was the emergence criterion. The results were
expressed as the percentage of seedlings that emerged for
each mass of seeds.

Emergency Speed Index (ESI) - Daily counts were made of the
number of seedlings that emerged until emergence
stabilized, and ESI was calculated according to the formula
proposed by Maguire (1962).



Electrical conductivity (EC) - Four subsamples of 25 and 50
seeds of each seed mass were weighed in an analytical
balance (0.0001g accuracy), using volumes of 50 and 75 mL
of distilled water and different periods of immersion (2, 4, 6,
8, 10, 12, 14, 16, 18, 20, 22, and 24 h). The seeds immersed
in water were kept in germination chambers at a
temperature of 30 °C. The results are expressed in mS em® g
! for each seed mass (Vieira and Krzyzanowski, 1999).

Statistical analysis

The morphological data and initial physiological potential of
the seeds were submitted to analysis of variance, with the
averages compared by the Tukey test at a 5% level of
significance. Electrical conductivity data were analyzed in a 3
x 12 factorial scheme (seed masses and periods of
immersion), separately for each volume (50 and 75 mL) and
seed quantity (25 and 50 seeds). The means were submitted
to analysis of variance by the "F" test and compared by the
Tukey test at 5 % probability. The statistical analysis was
performed using the statistical program SISVAR version 5.6
(Ferreira, 2011).

Pearson’s simple correlation analysis (r) was performed
between the physical characterization of the seeds, the
traditional vigor tests, and the electrical conductivity,
grouping the three seed masses (small, medium, and large),
with the significance of the "r" values determined by t (p <
0.05), using the statistical software Sigmaplot version 11.0.

Conclusion

The physical characteristics represented by the weight of
one thousand seeds (WTS), length (L), and width (W) of the
seeds, as well as the tests of dry mass of the root (DMR),
shoot (DMS), total seedling (TDM), and cotyledon (DMC) are
useful in estimating the physiological potential of L. ferrea
seeds of different mass. Seed mass interferes with the
electrical conductivity test in L. ferrea, but the methodology
is optimized using 25 seeds soaked in 50 mL of distilled
water for 4 h.
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