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Seed Longevity of Enterolobium contortisiliquum (Vell.) Morong
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ABSTRACT: Seed storage under controlled temperature and humidity maintains the viability
and the vigor of seeds for a long time while preserving their longevity. Ex situ conservation in
a seed storage chamber is perfect for simulating the cool dry conditions that are associated
with long-term seed storage. This helps to preserve the availability of seeds for the recovery
of degraded areas and to ensure a supply of propagating material for various purposes in
silvicultural production, or as raw materials for biotechnological use. The present work evaluated
the physical and physiological quality of Enterolobium contortisiliquum (Vell.) Morong seeds
from an ex situ collection that was kept in a seed storage chamber at 6 °C £ 3 °C and with 60%
+ 5% of RH in waterproof packaging. The water content, the physical quality by X-ray tests,
germination, electrical conductivity, and the integrity and quality of RNA that was extracted from
the embryonic axes were all determined. It was possible to identify full, damaged, malformed,
translucent, and empty seeds. The seeds that had been stored for 1, 5, 9, and 10 years presented
78, 82, 42, and 38% of normal seedlings, respectively, while the lots of 6 and 7 years presented
0 and 6%. The seed storage conditions were the same for all of the lots. A water content higher
than 6% influenced the quality of the seeds. The E. contortisiliquum seeds demonstrated high
longevity. They could be stored for up to 10 years under controlled conditions.

Index terms: X-ray, viability, ex situ conservation, monkfish.

Longevidade de sementes de Enterolobium contortisiliquum (Vell.) Morong

RESUMO: O armazenamento de sementes sob condi¢des controladas de temperatura e
umidade mantém a viabilidade e o vigor das sementes por um longo tempo, preservando sua
longevidade. Esse tipo de conservagao ajuda a preservar a disponibilidade de sementes para
a recuperacao de areas degradadas, ou para garantir o fornecimento de material propagador
para diversas finalidades na produgdo silvicultural, ou como matérias-primas para uso
biotecnoldgico. O presente trabalho avaliou a qualidade fisica e fisioldgica de sementes de
Enterolobium contortisiliquum (Vell.) de uma cole¢do ex situ armazenada em camara friaa 6 °C
+3°Ce 60% + 5% de UR em embalagem impermeavel. O teor de agua, a qualidade fisica por
testes de raio-X, a germinagao, a condutividade elétrica, a integridade e a qualidade do RNA
extraido dos eixos embriondrios foram todos determinados. Foi possivel identificar sementes
completas, danificadas, malformadas, translicidas e vazias. As sementes armazenadas por
1, 5, 9 e 10 anos apresentaram 78, 82, 42 e 38% das plantulas normais, respectivamente,
enquanto os lotes de 6 e 7 anos apresentaram 0 e 6%. As condi¢cdes de armazenamento das
sementes foram as mesmas para todos os lotes. O teor de dgua superior a 6% influenciou a
qualidade das sementes. As sementes de E. contortisiliquum demonstraram alta longevidade
e podem ser armazenadas por até 10 anos em condigdes controladas.

Termos para indexag¢do: raio-x, viabilidade, conservagao ex situ, tamboril.
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INTRODUCTION

Seed storage is an ex situ conservation strategy that is influenced by several factors, from physiological quality to
maintaining the viability of the seeds (Guedes et al., 2012). Storage under controlled low temperatures and relative
humidity act in seed conservation, such as those that are performed in cold chambers (Hong and Ellis, 2002). This is
because they cover a large volume of germplasm accessions or lots, in addition to being more efficient and economical
in energy terms when compared to the use of several freezers for the same purpose (Lingington and Manger, 2014).

Seed storage, when well established in this type of environment, is associated with the use of impermeable
packaging. This constitutes a condition for preserving the longevity of the seeds from forest species with an orthodox
character (Silva et al., 2014; Oliveira-Bento et al., 2015). Therefore, quality monitoring is necessary to minimize the
losses in silvicultural processes.

E. contortisiliquum (Vell.) Morong is a forest species that is native to Brazil. It is from the tree family Fabaceae, sub-
family Mimosoideae, and it is included in the successional group climax series that demands light (Oliveira-Filho et al.,
1995). As orthodox seeds (Barretto and Ferreira, 2011), they tolerate storage at low temperatures, but there is a lack
of information in the literature on these storage conditions, together with the relationship between their physiological
qualities and their internal morphology.

This species, commonly known as monkey ear or monkfish, has biotechnological properties as a protease inhibitor
(Oliva et al., 2007). In times of viruses and pandemics, the infectivity of a population of enveloped viruses is comprised of
a protein that is anchored by the membrane glycosylphosphatidylinositol and this can be reduced by using toxins, such as
enterolobin, which is obtained from monkfish. These toxins can be used to produce attenuated viral vaccines, in order to
purify blood products, cells, or the tissues from viruses, and to detect viruses in samples (Hildreth et al., 2002). Thus, the
knowledge of the physiology of monkfish seeds that are stored for up to ten years can be useful for defining conservation
strategies that are aimed at obtaining seedlings and raw materials for biotechnological research and industries. The aim
of the present work was to evaluate the physical and physiological quality of Enterolobium contortisiliquum (Vell.) Morong
seeds when stored under controlled low temperatures and relative humidity in an ex situ collection.

MATERIAL AND METHODS

The seed samples were composed of fruits that were harvested from different matrices located in the municipalities
of Aracaju, Capela, Lagarto, Moita Bonita, and Santana do Sao Francisco. These municipalities have the same climate
conditions as tropical monsoons (As) (Kottek et al., 2006). The seeds were harvested in the years 2007, 2008, 2010,
2011, 2012, and 2016 and then stored at 6 + 3 °C.

After harvesting, the fruits were manually processed with the aid of a rubber hammer, in order to remove the seeds.
The seeds were packed in transparent waterproof plastic packages and kept in a cold chamber at 6 °C £ 3 °C, with 60%
1+ 5% RU. These conditions were maintained until the testing in 2017. At the beginning of the tests, six treatments
were defined and they were named according to the storage time of each lot as 1-year (2016), 5-years (2012),
6-years (2011), 7-years (2010), 9-years (2008), and 10-years (2007). The lots were composed of seeds from different
Brazilian provenances and they were located under weather conditions that are known as tropical monsoons (As)
(Kottek et al., 2006).

The seed harvesting were carried out by a working group that was responsible for projects to recover the degraded
areas in the State of Sergipe, Brazil. The seeds were harvested and immediately stored, without concern for determining
the initial quality. They were then sent to the Forest Nursery for the production of the seedlings. These conditions were
maintained for all of the lots until 2017.

The water contents were determined first in an oven at 105 °C £ 3 °C for 24 h using two replications of 5 g of seeds
(Brasil, 2009) and then by infrared equipment (TOP-RAY) using four replications of 5 g of fragmented seeds.
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In the X-ray tests, 200 seeds from each lot were divided into eight replications of 25 seeds and radiographed at 22
kV for 5.8 seconds (Faxitron® X-Ray Corp Model HP MX-20) (Brasil, 2009). Each seed was individually identified for further
evaluation by the germination tests. The images were analyzed by the ImageJ program, version 1.49s (Abramoff et al., 2004).

The seeds were scarified by immersion in sulfuric acid (H,SO,) (98%) for 40 min, followed by a triple washing with
distilled water. They were then washed, sieved, and inserted into a layer of sterilized sand at 120 °C for 24 hours.
Afterward, they were then arranged to germinate on the substrate in trays at 25 °C, with a 12:12 hour photoperiod.
The evaluations were carried out every 48 h for 30 days. From the evaluations, the germination speed index (GSI)
(Maguire, 1962) and the Average Time of Seed Germination (ATSG) (Labouriau, 1983) were calculated.

Electrical conductivity was carried out in the lots of 5, 6, 7, and 9 years. These years were chosen according to
the availability of the seeds. The determinations were carried out at 25 °C and 40 °C by using four replications of 25
seeds that were soaked for 24 h in 75 mL of ultrapure water while under dark conditions (Santos and Paula, 2005). The
readings were obtained by using an electrical conductivity meter (Marconi® model MA-521).

The seeds were soaked for 24 h and the embryonic axes were removed for the extraction of the RNA (NucleoSpin®
RNA I, Macherey-Nagel). Each lot was represented for RNA evaluation by using the method of bulk sampling with 10
embryos. The RNA was quantified and qualified by the nano spectrophotometry ratio at 260/280 nm. In order to assess
the integrity, 1 ug of RNA was submitted to electrophoresis in a 1% polyacrylamide gel, whilst using silver staining.

The experiments were completely randomized and the variables were tested for an adjustment to a normal
distribution by the Shapiro-Wilk test. The germination data had its means transformed by arco.seno (x/100). The data
was subjected to an analysis of variance by the F test and the averages were compared by the Tukey test for the data
of germination and electrical conductivity. The pixel density data had its means grouped by the Scott-Knott test at the
level of 5% probability (Ferreira, 2011). The variables that were used in the categorization of internal morphology by
the X-rays and germination were subjected to the Factor evaluation and Principal Components Analysis. The degree
of association between the variables was determined by the covariance matrix, where the loads that presented an
absolute value higher than 0.7 were considered relevant. For the dispersion graph, the eigenvalue correlation matrix
was used and eigenvalues higher than 1.0 were extracted (Kaiser, 1960). In this work, the orthogonal rotation procedure
was adopted when using the normalized Varimax method. The data was processed by using the Statistica™ program,
version 7.0, and all of the variables were standardized.

RESULTS AND DISCUSSION

The seeds that were 1-year-old and 5-years-old presented high viability and vigor, with low water content, low
electrical conductivity, and high pixel density (GPDL) (Table 1).

Furthermore, for the General Pixel Density of the Lot (GPDL) variable, there was a considerable reduction after 5
years of storage, which may be associated with tissue degradation. Regarding the internal morphology, the one-year
lot had 90% of full seeds, 67.5% of normal seedlings, 12.5% of abnormal seedlings, and 10% of deteriorated seeds. For
the 5-year lot, 62.5% of the seeds were classified as full and they resulted in normal seedlings (Table 1).

The oldest lots (2007 and 2008) showed germination of 44.5% and 38% and they were classified as full by the X-ray
tests (Figure 2). The radicle emissions started at 48 h after sowing for the 1-year and 5-year lots (Figure 3). The pixel
densities also allowed for the identification of damaged or malformed seeds and they varied according to the structure,
the composition, and the thickness of the reserve tissue (ISTA, 2004). The germination started on the eighth day and
both of these lots showed the highest vigor (Figure 4). Most of the seeds were classified as full (66 to 90%), followed by
damaged (2.85 to 14.5%), malformed (3 to 13.5%), and empty (0 to 1%) (Figure 1).

For the 6, 7, and 9 years, there were empty seeds, with the highest number of abnormal seedlings. The seed
viability proved that the storage conditions for the species were an efficient means of ex situ conservation for up to ten
years (Figure 2).
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Table 1. Categories of the Enterolobium contortisiliquum (Vell.) Morong seeds that were obtained by the X-ray tests
from the lots that were stored in a cold storage chamber when compared to the germination tests. NS -
Normal Seedlings; AS - Abnormal Seedlings; D - Deteriorated Seeds.

Time (year) Water content (%) GPDL* Category Total (%) Germination
NS% AS% D%
With Damage 4.00 3.00 0.50 0.50
Malformed 3.00 2.50 0.50 0.00
1 4.61 177.25a Full 90.00 69.00 11.00 10.00
Translucent 3.00 2.00 0.00 0.50
Empty 0.00 0.00 0.00 0.00
Total 100.00 77.00 12.00 11.00
With Damage 7.50 6.50 1.00 0.00
Malformed 7.50 6.00 0.50 1.00
5 7.31 181.10a Full 79.50 64.50 5.00 10.00
Translucent 5.50 5.00 0.50 0.00
Empty 0.00 0.00 0.00 0.00
Total 100.00 82.00 7.00 11.00
With Damage 14.50 0.00 0.00 14.50
Malformed 9.00 0.00 0.00 9.00
6 15.41 152.75 b Full 74.50 0.00 0.00 74.50
Translucent 2.00 0.00 0.00 2.00
Empty 0.00 0.00 0.00 0.00
Total 100.00 0.00 0.00 100.00
With Damage 13.50 0.00 1.00 12.50
Malformed 8.50 0.00 0.00 8.50
7 12.43 150.12 b Full 66.00 5.00 16.00 45.00
Translucent 11.00 0.50 0.00 10.50
Empty 1.00 0.00 0.00 1.00
Total 100 5.5 17.5 77.5
With Damage 2.86 0.57 0.00 2.29
Malformed 13.71 0.50 0.00 18.86
9 12.13 122.37b Full 73.15 50.86 16.57 5.14
Translucent 9.71 1.14 2.29 6.28
Empty 0.57 0.00 0.00 0.57
Total 100 53.0 18.85 27.48
With Damage 4.00 0.00 1.00 3.00
Malformed 4.00 1.00 1.00 2.00
10 12.97 130.75 b Full 89.00 35.50 41.50 12.00
Translucent 3.00 1.50 1.50 0.00
Empty 0.00 0.00 0.00 0.00
CV% 24.29 25.84 Total 100.00 38.00 44.00 17.00

*Mean values followed by the same lowercase letter in the column did not differ statistically by the Scott-Knott test at 5% probability.
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Figure 1. Images from the X-ray tests of the seeds of Enterolobium contortisiliquum (Vell.) Morong when evaluated by
Imagel software. The seeds were classified as malformed (A), translucent (B), damaged (C), empty (D), and
flooded (E). TGR - Tegumentar region; DR - Damaged region.
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The highest number of abnormal seedlings occurred in the 10-year-lot (44%) (Figure 2C). The lowest radicle emissions
(21 and 0%) and seedlings (15 and 0%) were for the 7 and 6-year lots, respectively. The highest values of the deteriorated
seeds reached 79 and 100 % (Figure 2D) for both of the latter cited lots. The negative results of these last two lots were
probably related to the high water content in the seeds (above 15%). The seeds that are stored with a high water content
can maintain their active metabolism, while at the same time, accentuating the effects of deterioration and the actions of
the microorganisms, thus losing their ability to germinate (Resende et al., 2011) and affecting their longevity. For seeds of
this species, storage with water content close to 8% is recommended (Wielewicki et al., 2006).

Figure 2. Viability of the seeds of Enterolobium contortisiliquum (Vell.) Morong that were kept in a cold storage chamber.
A - Emission of radicles on the eighth day; B - Normal Seedlings; C - Abnormal Seedlings; D - Deteriorated
Seeds. Mean values followed by the same letter between the lots did not differ statistically at a 5% probability
by the Tukey test.

Figure 3. The percentages of the radicles that were emitted from the Enterolobium contortisiliquum (Vell.) Morong
storage seeds.
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The monkfish germination was relatively slow (Figure 4). The average time of seed germination (ATSG) is shown in
Figure 5. The germination speed index (GSl) is presented in Figure 6). The 1-year-old and 5-years-old presented high
germination speed index (GSI).

Slow germination can be associated with dormancy, which can be positive at an ecological level, but it is negative at
a silvicultural level, as it delays the seedling production process (Costa et al., 2011; Freitas et al., 2016).

Regarding electrical conductivity (EC), differences were observed in the four lots (Figure 7).

The use of different temperatures in the electrical conductivity tests was relevant, especially when there was a low
variation among the lots. The electrical conductivity test when measured at 40 °C can function as a vigor test and it can
differentiate the seed quality. High temperatures in the EC test led to an increase in the speed of leaching of the seeds
(Ribeiro et al., 2009). This strategy can be used in seeds with rigid integuments, even with the breaking of dormancy.

The data from the X-ray tests, the germination tests, and the vigor tests were submitted to Factor analyses
(Table 2). Only components 1, 2, and 3 were dependable enough to explain the variations that occurred. From
the principal component analyses (PCA), it was possible to explain 92.98% of the variances that were contained
in the studied variables (Table 2).

Principal component 1 (CP1) explained about 40.63% of the aggregated variable seeds, with damage, viability,
vigor, and deteriorated seeds revealed. Principal component 2 (CP2) explained that about 31.26% of the total

Figure 4. Average Time of Seed Germination (ATSG) of the stored seeds of Enterolobium contortisiliquum (Vell.) Morong.
Mean values followed by the same letter between the lots did not differ statistically at a 5% probability by the
Tukey test.

Figure 5. Germination percentages (%) of the stored seeds of Enterolobium contortisiliquum (Vell.) Morong.
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Figure 6. Germination Speed Index (GSI) of the seed lots of Enterolobium contortisiliquum (Vell.) Morong that were
kept in a cold storage chamber. Mean values followed by the same letter between the lots did not differ
statistically at a 5% probability by the Tukey test.

Figure 7. Electrical conductivity (EC) of the stored seed lots of Enterolobium contortisiliquum (Vell.) Morong under
different temperatures (25 °C and 40 °C). Mean values followed by the same letter between the lots did not
differ statistically at a 5% probability by the Tukey test.

data variance was represented by the variables of full, poorly formed, translucent, and empty seeds. Thus, it can
be deduced that this component was linked to the internal morphological characteristics of the seeds that were
determined by the X-ray tests.

Although the variable seeds with damage were detected during the X-ray tests, it is worth mentioning that this was
not always due to a condition during their formation process. This could have been caused by mechanical and/or insect
damage, which would explain the position of the load on CP1. Regarding main component 3 (CP3), it explained that 21.09%
of the variation was represented by the variable pixel density and the water content. The water contents influenced the
quality of the images that were obtained by the X-ray tests (Nogueira-Filho et al., 2017; Jeromini et al., 2019). These types
of characteristics can vary with the type of seed (recalcitrant or orthodox) and reserve tissue. Therefore, CP3 presented a
relationship with the physicochemical characteristics of the seeds. In the literature, it is mentioned that the water content
can make it difficult to standardize the results, as it influences the images (Silva et al., 2014).

There were simple correlation coefficients for germination, vigor, water content, and data from the X-ray tests (Table 3).

Only the correlations with a significance equal to or higher than 0.5 were considered. There was a high positive
and significant correlation of the damaged, translucent, and empty seeds when related to vigor and viability.

Journal of Seed Science, v.42, €202042032, 2020
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Table 2. Factor loads of the variables that were analyzed for the main components. CF - Factorial loads.

Variable CF1 CF2 CF3 Commonalities
Damaged seeds -0.946731 -0.151523 0.256522 0.985062
Malformed seeds -0.129165 0.735010 0.359755 0.686347
Full seed -0.555155 0.812620 0.038336 0.970018
Translucent seed 0.061374 0.976348 0.068189 0.961672
Empty seed -0.215213 0.893092 0.125038 0.859564
Viability 0.892711 -0.116919 -0.397600 0.968688
Vigor 0.804339 -0.160130 -0.526274 0.949568
Decayed seed 0.965279 -0.174975 -0.119778 0.976726
Pixel Density -0.007635 0.261585 0.962605 0.995092
Water content -0.645389 0.118204 0.718400 0.946599
Eigenvalue 5.63 2.21 1.44 -
Total change (%) 56.36 22.14 14.47 -
Accumulated variation (%) 56.36 78.51 92.99 -
Explained variance (%) 40.63 31.26 21.09

Table 3. Correlation matrix between the factor loads of the morphophysiological quality variables. Wd - With damage;
Mf-malformed; T - translucent, F — feasibility; Det - deteriorated; Pixel D - Pixel density; WC - Water content.

Variable wd Mmf Full T Empty F Vigor Det Pixel D wcC
Wd 1.00 0.16" -0.65™ 0.07" 0.28" -0.75™ -0.63™ 0.90* 0.20™ 0.47™
Mf - 1.00 -0.77"™ 0.63™ 0.53" -0.25™ -0.32™ 0.35™ -0.50™ 0.49™
Full - - 1.00 -0.74" -0.79™ 0.58™ 0.56™ -0.69™ 0.24™ -0.51™

T - - - 1.00 0.93* -0.12™ -0.17™ 0.10™ -0.33™ 0.11™
Empty - - - - 1.00 -0.41m -0.46™ 0.36™ -0.38™ 0.28™
F - - - - - 1.00 0.98* -0.92* 0.43 -0.85*
Vigor - - - - - - 1.00 -0.87* 0.57™ -0.87*
Det - - - - - - - 1.00 -0.16™ 0.71™
Pixel D - - - - - - - - 1.00 -0.72™
WC - - - - - - - - - 1.00

"s: non-significant; * significant at 5%

Significant and negative correlations
relation to viability and vigor.

were observed between the water content and the deteriorated seeds in

There were strong negative correlations between the water content and vigor and viability. The lot that was stored
for 6-years had a high water content (15.41%) and with 74.5% of its seeds classified as full. However, 100% of these
propagules deteriorated. The 7-year-old lot had a water content equal to 12.43% and only 5% of the seeds germinated.

Factors 1 and 2 were important and expressive components since together, they covered about 78.5% of the total

variations (Figure 8).

The vigor and viability variables showed large positive rotational factor loads in Factor 1. Factor 1 described the

relevance of the more vigorous lots,
germinations.

with those with a higher number of full seeds, which would result in higher

Journal of Seed Science, v.42, €202042032, 2020



10 M. F. O. Torres et al.

Thus, high pixel density and high physiological quality could be present in the seeds if the water content was within
the recommended standards. Therefore, the deteriorated seeds, the water content, the empty, the malformed, and the
translucent seeds had positive and far from zero factor loads for CP 2, reflecting their correlation with the low vigor lots.

In assessing RNA, it can be pointed out that 5 of the 6 lots showed decontaminated samples. It was noteworthy that
the quality of RNA cannot be considered as an indication of purity, due to the presence of other molecules, such as DNA
and proteins (Manning, 1991). In this work, the lot that lowered the desired standard was the 7-year lot. In general, the
samples showed enough quantity, quality, and integrity in according to Asif et al. (2006) (Figure 9).

An electrophoretic profile that was distinct from the others was obtained from the 6-year lot. It was observed
that with a low water content, it was possible to lower the metabolic activities, the respiration, and the action of the
microorganisms (Peskeet al., 2012; Resende et al., 2011). Some species of seeds can be submitted to a drying treatment
and preserve their germination percentages, while other species can suffer physiological damage when they are dried
(Faria et al., 2014).

It was expected that the longer storage time results would lower the physiological quality of the seed lots. However,
there was a factor of relevance, the water content. For seeds of this species, a water content close to 8% is recommended
for their storage (Wielewicki et al., 2006). Water contents above 5-8% could cause RNA damage, as was observed in the
lots of 9 and 10 years. An increase in storage time, with a consequent reduction in seed vigor, can be expected (Garcia
et al., 2014; Rocha et al., 2017). The seeds that showed the highest RNA deterioration were the same as the ones with
the highest EC values. A significant correlation between the germination test and EC has been reported, which is an
alternative for a quick assessment of the physiological quality of the seeds (Guollo et al., 2017). Those seeds that are
in an advanced deterioration process may have failures or slow cell membrane repair speed during water retention for
germination (Beedi et al., 2018).

o

Empty
o
0.8 MF

0.6
0.4

0.2 R WC

0.0

Vigo rg
&

Factor 2 (22.15%)

0.6

0.8 Full

1.0 : - - - - : : : :
12 10 -08 -06 -04 02 00 02 04 06 08 10

Factor 1 (56.37%)

Figure 8. Percentages in the Figure Graph represent the relationship between Factor 1 and Factor 2, together with the
variables that were analyzed in the X-ray tests and in the germination tests of the E. contortisiliquum seeds
that were stored for up to ten years. WC - Water content; Pixel D - Pixel density; Wd - With damage; Det -
deteriorated; T - translucent, Mf - malformed; F - feasibility.
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Figure 9. RNA quality of the E. contortisiliquum (Vell.) Morong seeds that depended on the storage time.

The 6-year-old lot presented an excessive amount of deteriorated seeds (100%), the highest EC, and a lack of RNA
integrity. In the seeds of Pisum sativum L., it was noticed that the DNA fragmentation decreased after imbibition, while
the integrity of the rRNA was lost and was not restored (Kranner et al., 2011). With storage, the RNA molecules are
reported to be reduced in the seeds by oxidative reactions that culminate in a loss of germination (Fleming et al., 2017).
During imbibition, the seeds have the potential to restore their membranes (Silva and Villela, 2011) and this restoration
is related to the integrity of the RNAs.

After all of the observations, the authors can summarize that the loss of seed quality can vary according to the
conditions of the environment, the packaging, and the storage time.

The initial quality of the orthodox seeds is essential for success in an ex situ conservation, as it is able to align
production, processing, and seed removal, with subsequent conservation (Vergara et al., 2020). The aging of seeds is
inexorable, resulting in a drop in vigor and subsequent death (Garcia et al., 2014; Rocha et al., 2017). The main goal
is always to maintain the viability of the seeds. The conservation of orthodox seeds in a germplasm bank is not to be
recommended for those that present less than 60% of germination. In these cases, the seed lots must be renewed.
However, native species are increasingly difficult to manage since there is an intermittent and scarce production, mainly
due to climate changes, incompatibility alleles, and pollinators. In this regard, seed discarding, even with a viability of
less than 60%, may imply the loss of genetic resources that can be used to produce seedlings for the recovery and the
restorations of the degraded areas.

CONCLUSIONS

It is possible to store full, whole, and low humidity seeds of E. contortisiliquum for periods of up to 10 years. The
seeds can be stored for 5 years, without reducing their viability and their vigor. When stored for longer than 5 years,
the physiological quality of the seeds undergo changes, resulting in reduced viability and vigor. The longevity of the
seeds of E. contortisiliquum under controlled storage conditions allows for their ex situ conservation for up to ten years.
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