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ABSTRACT
The maturation process of Sesbania virgata seeds was investigated through fruits and seeds at 
different maturation stages, where they were described morphologically. For the seeds, fresh 
and dry mass and moisture were determined and structural analysis of the tegument under a 
light microscope was performed. Germination tests in the presence and absence of drying and 
the electrophoretic profile of heat resistant proteins were also performed. The results showed 
that the seeds reached physiological maturity at 44 days after anthesis (DAA), evidencing a 
secondary cell wall. The acquisition of desiccation tolerance was observed at 44 DAA, with the 
seeds responding to the drying treatment. Protein bands were observed from 32 DAA, which 
remained constant until the end of maturation. These results allowed the characterization of the 
development and acquisition of desiccation tolerance in S. virgata seeds.
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1. INTRODUCTION

Sesbania virgata is a shrub species from the Fabaceae 
family, native to Brazil, which can be found in the 
South, Southeast and Center-West regions, reaching 
6 m in height, 25 cm in diameter at breast height (DBH) 
and with the crown reaching up to 5 m in diameter 
(Araújo  et  al., 2004). It is a plant with a short life 
cycle, being able to compete with forage species and 
develop naturally in moist terrains, in addition to being 
well‑adapted to floodable areas. Due to its rapid growth 
and hardiness, it is a potential species for plantations 
aimed at recovering degraded areas and in riparian 
forests (Delarmelina et  al., 2014). Nevertheless, the 
literature still lacks studies on its development, mainly 
regarding the maturation of its seeds.

There are several studies related to the morphology 
of seeds from agronomic species, such as soybean 
(Marcos, 1980), maize (Fancelli & Dourado-Neto, 
1997) and rice (Fonseca et al., 2015). However, the 
seed development of many native forest species has 
not yet been characterized, with this knowledge being 
relevant for studies in diverse areas. The identification 
of species present in the soil seed bank through 
knowledge of morphoanatomy can contribute to a better 
understanding of plant regeneration and succession in 
ecosystems. Additionally, the morphological aspects 
are necessary for identification and for certification of 
seed quality, as well as to understand its maturation 
process (Beltrati, 1984).

The development of orthodox seeds, i.e., those 
that tolerate desiccation, can be divided into three 
stages: embryogenesis; deposition of reserves and 
desiccation. Development comprises an orderly series 
of genetically controlled changes (Bewley et al., 2013). 
These modifications provide rapid growth of internal 
structures and deposition of reserve material, which 
may be carbohydrates, proteins and lipids, and there are 
also physiological adaptations that may culminate with 
induction of embryo to dormancy. In the desiccation 
stage, there is the action of protective and repair 
mechanisms, preserving the integrity of the cellular 
compounds, avoiding irreversible damage, keeping the 
seeds healthy until dispersion (Bewley et al., 2013).

The maturation process in seeds is generally 
well-described in the literature, however, in order to 
estimate the physiological maturity of a particular 

seed, it is important to study the physiological and 
anatomical changes that occur during its development 
(Walters  et  al., 2013). Anatomical changes at the 
structural level, such as changes in the cell wall during 
seed maturation, may provide better understanding 
of developmental mechanisms, and even knowledge 
of survival strategies (Moura et al., 2010), such as the 
characteristic of desiccation tolerance.

Desiccation tolerance can be defined as the cellular 
ability of an organism to tolerate water loss at extreme 
levels without irreversible damage to cells through 
metabolic reduction and, in the presence of water, 
being able to return to normal functioning (Buitink 
& Leprince, 2008). Seeds can be classified in relation 
to desiccation and storage tolerance into two distinct 
groups: orthodox, which tolerate very low water content 
levels and can be stored for long periods at subzero 
temperatures, and a recalcitrant group that presents 
the opposite behavior (Roberts, 1973). There are also 
seeds with intermediate behavior, i. e. those that do 
not tolerate water loss at very low levels and generally 
can be stored for short periods at temperatures above 
zero (Ellis et al., 1990).

Tunnacliffe & Wise (2007) stated that the species 
show variations in the degree of desiccation tolerance. 
This is due to the differences that occur in the physical 
structure of their internal matrices, which involve 
interactions of organic acids, amino acids, sugars and 
proteins that are produced during maturation, being 
associated with several macromolecules, preventing 
denaturation (Berjak & Pammenter, 2008). Heat‑resistant 
proteins have been reported in studies related to 
protection against stress damage. Among the classes of 
these proteins are the Late Embryogenesis Abundant 
(LEA) (Farrant & Moore, 2011). Studies regarding seed 
development can contribute to the understanding of 
its maturation process, knowing its possible metabolic 
changes and survival strategies.

The aim of this research was to study morphological, 
physiological and molecular aspects during the 
maturation of Sesbania virgata seeds.

2. MATERIAL AND METHODS

S. virgata fruits were collected between December 
2014 and April 2015, in an area belonging to the 
campus of the Federal University of Lavras, in the city 
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of Lavras, south of the State of Minas Gerais, Brazil, 
at 21°23’S latitude, 44°98’W longitude and 889.37 m 
altitude. A total of 16 trees were randomly selected 
for the experiment, with their flowers being marked 
with dated tapes for the anthesis record, in sufficient 
numbers to obtain seeds in an amount compatible with 
experimental requirements. A photographic record 
was made continuously from the anthesis to follow the 
development of fruits and seeds. The characterization 
of fruits and seeds was based on Araújo et al. (2004), 
and the coloring based on the color chart DIN 6164 
(Biesalski, s.d.).

Throughout the maturation process, fruits 
were collected at different maturation stages, days 
after anthesis (DAA). Based on tests of moisture 
content and fresh mass and on descriptions made by 
Araújo et al. (2004), fruits and seeds at 85 DAA were 
defined as the final maturation stage. Seeds collected at 
24, 36, 44, 58, 75 and 85 DAA were used for quantification 
of fresh and dry mass, moisture, structural analyses 
and physiological tests. After the collection of fruits, 
the seeds were removed from the fruits manually and 
weighed on an analytical scale (0.0001 g) to obtain the 
fresh weight. Subsequently, they were placed in an 
oven at 105 ± 3 °C for 24 h and then weighed again. 
A total of 20 seeds per collection point were used in 
four replicates of five seeds (Brasil, 2009), cut in half to 
enhance drying due to seed coat thickness. For structural 
analysis, the material was fixed in FAA50 (10% solution 
of 40% formaldehyde + 5% glacial acetic acid + 50% v/v 
ethyl alcohol) for 48 h. Afterwards, the cross sections 
were performed free-hand in the region opposite the 
hilum. The plant fragments were stained with 0.05% 
toluidine blue. The slides were sealed with Entellan 
and visualized on Olympus BX 51 optical microscope at 
10, 20, and 40x magnification. The images were scanned 
using a video camera coupled to the microscope and 
processed by computer through Image - Pro-plus 
5.1  software. To characterize desiccation tolerance 
acquisition in the seeds, preliminary tests based on 
the germination of seeds dried and non-dried on silica 
until reaching 7% water content, were performed. 
Germination was not observed at points 24 or 36 with 
or without drying, thereby fixing maturation stages 
studied at 44, 58, 75, and 85 DAA. At each studied 
maturation stage, the seeds were divided into two groups, 
the first consisted of non-dried seeds. In the second 
group, the seeds were weighed and subsequently dried 

(with the exception of 85 DAA, because they already 
had the desired moisture) in plastic boxes containing 
approximately 100 g of silica gel. For this experiment, 
the protocol developed by Hong & Ellis (1996) pdated in 
2000 with modifications was used as a reference. Seeds 
were arranged uniformly on a screen, not in contact 
to the silica. The boxes were kept in a drying room at 
20 °C with constant monitoring of seed weight until 
they reached a hygroscopic equilibrium (approximately 
7% moisture). The seeds were pre‑humidified after 
drying to avoid possible imbibition damage. Both 
seed groups were mechanically scarified using 
No. 40 sandpaper to overcome physical dormancy 
(Silva et al., 2011) and later placed in a germinator at 
25 °C in moist paper rolls containing four replicates of 
20 seeds per treatment. The germination percentages 
of seeds with primary root ≥ 2 mm were evaluated. 
The readings occurred daily until the 20th day of 
counting. The experiment was based on a factorial 
design with additional treatment (3x2+1), with three 
stages of seed development (44, 58, and 75 DAA), in 
the presence and absence of drying. The additional 
treatment was composed of seeds at 85 DAA because 
they were fully mature, and presented desired water 
content. Data analysis of variance was performed using 
the F test. The averages were compared by Tukey test 
at 5% probability.

To verify the protein profile of seeds, samples 
were collected at 24, 28, 32, 36, 40, 44, 48, 52, 58, 63, 
75 and 85 DAA. From each collection point, protein 
extraction was realized in three biological replicates 
using whole seeds, totaling 100 mg per replicate. 
Samples were macerated separately in liquid nitrogen, 
then weighed and mixed in 1 mL of extraction buffer 
(50 mM Tris-HCl pH 7.5, 0.5 M NaCl, 0.005 M MgCl2, 
0.001 M PMSF, and 0.1% β-mercaptoethanol). 
The microtubes were centrifuged at 13,200 rpm for 
30 min at 4 °C. As previously described, the samples 
were centrifuged again. The obtained extract was 
quantified in spectrophotometer described by Bradford 
(1976). The volume corresponding to 40 μg of protein 
was mixed in 20 μg of sample buffer (2.5 mL glycerol, 
0.46 g SDS, 20 mg bromophenol blue). The mixture was 
immersed in boiling water for 5 min and applied on 
discontinuous SDS polyacrylamide gel PAGE at 12.5% 
(separator gel) and 6% (concentrator gel). The marker 
BenchMak ™ Protein ladder 10 - 220 KDa was used. 
The electrophoretic run occurred at 150 V for 5 h, 
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following which, the gels were fixed for 30 min in acetic 
acid solution plus methanol. The gels were stained with 
Coomassie Brilhant Blue 0.05% CBB-G250 for 48 h, 
followed by discoloration for 30 min in 1.2% (p/v) 
Tris base solution pH 6.5, and later washed in water 
for three days. The images of gels were made using a 
Umax scanner (PowerLook model 1120).

3. RESULTS AND DISCUSSION

After the anthesis, the S. virgata flowers began 
a gradual dehydration process, losing their petals 
between the fourth and sixth days after the anthesis 
(DAA). From there, it was possible to observe the 
fruit at the beginning of its development. According 
to the DIN6164 color chart, the fruits showed a green 
color until reaching 44 DAA. From this point on, the 
green color became darker, reaching brown at the end 
of maturation (Figure 1A).

When mature, S. virgata fruits were characterized 
as undescended and nucleoid, in oblong format with 
the corrugated edge, with a suture from the peduncle 
extending to the apex. The peduncle is woody in 
appearance, with the pericarp being thin and the 
endocarp smooth and presenting a grayish-white 
color. Araújo et al. (2004) also described the S. virgata 
fruits as having a dry, rough surface, with significant 
tapering at the base and at the extremity, which is 

pointed. The  coloration of the fruits, together with 
other factors, can aid in determining the ideal collection 
stage, making field work faster and more efficient.

The seeds showed a beige/yellowish coloration in 
the initial stages until reaching the mid-point of the 
maturation process, at 44 DAA, gaining a brownish tone 
as they developed (Araújo et al., 2004). The mature seed 
is reniform, with a polished and water-impermeable 
forehead tegument (Figure 1B).

At 24 DAA, the internal structures became evident. 
The endosperm already occupied a large part of the 
seed interior, presenting a shiny and gelatinous aspect. 
The cotyledons were green and elongated, and about 
2 mm long. At 36 DAA, all internal structures were 
visible, its being possible to observe hypocotyl attached 
to cotyledons and showing a gain in size (Figure 2).

The largest seed size was observed at 44 DAA due 
to the maximum gain of dry mass and accumulation 
of water, with the cotyledons occupying most of the 
internal space of seeds along with the fully developed 
hypocotyl, both embedded by the endosperm. From this 
stage, the seed entered the desiccation phase, where all 
its internal structures began to lose water, acquiring a 
yellowish coloration for the whole embryo (Figure 2).

At the beginning of the maturation process, the 
seeds showed high water content, which decreased 
simultaneously with the increase in dry mass. 
The maximum value of both fresh and dry mass was 

Figure 1. External aspects of fruits (A) and seeds (B) of Sesbania virgata in different stages of maturation. Numbers 
indicate days after anthesis (DAA).
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reached at 44 DAA, indicating that this is the point 
of physiological maturity (Figure 3). The high water 
content in the seeds helps in intense cell divisions, as 

Figure 2. Sections of Sesbania virgata (C) seeds 
at different maturation stages. CT = cotyledons; 
EN = endosperm; HP = hypocotyl; TG = tegument. 
Numbers indicate days after anthesis (DAA).

Figure 3. Water content, fresh mass and dry mass in 
Sesbania virgata seeds at different maturation stages. 
Numbers indicate days after anthesis (DAA).

Figure 4. Photomicrography of integument region cross sections on Sesbania virgata seeds at different maturation 
stages, stained with toluidine blue. CT = cuticle; EN = endosperm; LL = lucid line; MC = macrosclereid, 
OS = osteosclereid; Pq = parenchyma; CO = cotyledon. A = 24; B = 36; C = 44, D = 58, E = 75; F = 85 days after 
anthesis (DAA). Bar at A = 10 μm; B, C, D, and E = 20 μm; F = 50 μm.

well as in the promotion of interactions between growth 
hormones (Lulsdorf et al., 2013). After 44 DAA, there 
was a significant reduction in the water content of 
seeds, followed by a decrease in the fresh mass values. 
The dry mass remained constant until the end of the 
desiccation process (Figure 3).

The behavior of S. virgata seeds during maturation 
followed the classic orthodox pattern, where the reduction 
of water content is continuous, being more pronounced 
at the end of the maturation process. Similar to these 
results, Carvalho et al. (2008) observed initial water 
content of approximately 90% in Handroanthus serratifolia 
(Vahl) Nich seeds at 10 DAA, followed by a drop to 
about 30% at 53 DAA. The development pattern during 
maturation is characterized by the rapid increase in seed 
size, reaching a maximum value that may coincide with 
half of its maturation process (Carvalho & Nakagawa, 
2012), in addition to showing internal structural changes 
that continue until the end of maturation.

Different cell layers composed initially of a waxy 
cuticle, lucid line, layer of macrosclereids, composed of 
a layer of palisade cells and perpendicularly elongated 
to the surface, were observed. There were changes in 
tissues owing to the reaction of the toluidine blue dye, 
which, due to being metachromatic, shows different 
staining according to the reacting plant tissue (Figure 4).
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In the presence of thin wall and secondary wall, 
it shows respectively blue and red tones. At the 
developmental stages of the tegument, the plant 
tissue color changed drastically, acquiring blue tones, 
which can be observed until the seeds reach their 
DAA (Figure 4B-D). In the last two maturation stages 
(75 and 85 DAA), the presence of lignin is characterized 
by the red color (Figure 4E and F), and the spaces among 
the osteosclereids became larger. In the first stage, the 
newly-split cells showed at first only a primary wall 
composed of cellulose (Buchanan et al., 2000), which 
justifies the blue staining found in S. virgata seeds in 
the early stages. After the formation of the primary 
wall, the formation of the secondary wall begins, which 
is rich in lignin, making the cell walls much thicker.

Concomitantly, it was also possible to observe the 
cuticle and the lucid line more externally (Figure 4C), 
which together with the other structures, became more 
rigid and gradually impermeable, due to desiccation, 
forming a barrier for water entering the seeds until 
reaching complete dormancy. S. virgata seeds show physical 
dormancy, characterized by tegument impermeability 
(Silva et al., 2011). This dormancy is certainly related, 
amongst other things, to the lignin deposition at the 
end of the maturation process, associated with the 
decrease in water content, aiding in the stiffening of 
the macrosclereid layer. The components that promote 
the achievement of seed dormancy are both structural 
and chemical, being present in the macrosclereid layer 
(Baskin et al., 2000), very frequent in seeds from the 
Fabaceae family (Baskin  et  al., 2000), especially in 
species with orthodox seeds.

In Erythrina speciosa seeds, Molizane et al. (2013) 
observed pronounced spaces in the osteosclereid region 
and parenchyma cells during final stages of maturation, 
due to the drastic drop in water content, which was 
also observed for S. virgata seeds in the present study, 
observing that during desiccation, the cells reduce 
their size due to water loss and the intercellular spaces 
become visible between the osteosclereids

In the absence of drying, there was an increase in 
germination values as the seeds advanced throughout the 
developmental stages until their maximum at 85 DAA. 
(Figure  5). Brito  et  al. (2015) observed an increase 
in germination as Jatropha curca L. seeds advanced 
through the maturation stages. Delgado & Barbedo 
(2007) also observed this in seeds of Eugenia species, 

and Carvalho et al. (2008) in Handroanthus serratifolia 
(Vahl) Nich seeds. The same was found in seeds that 
underwent drying, with the exception of those at 
75 DAA, where there was a decrease in this value 
(Figure 5), with interaction between DAA and drying 
being observed.

The acquisition of desiccation tolerance in seeds 
was evidenced initially at 44 DAA, where after reaching 
7% of its water content, it was possible to obtain 49% 
germination. S. virgata seeds at 44 and 58 DAA, after 
being submitted to artificial drying, showed a higher 
germination percentage in relation to non‑dried seeds. 
In orthodox seeds, drying at the final maturation 
stage is a start for the seed to redirect its metabolism 
towards germination (Bewley et al., 2013). However, 
to prepare seeds for desiccation, desiccation tolerance 
mechanisms begin to be activated gradually throughout 
the maturation process (Walters et al., 2013). The ability 
of these seeds to tolerate the natural reduction of their 
water content is related to complex mechanisms involving 
the accumulation of soluble sugars, LEA proteins and 
the activation of antioxidant systems, all regulated by 
a hormonal balance (Berjak & Pammenter, 2008).

Desiccation survival is conditioned by the activation 
of systems that guarantee the integrity of membranes, the 
presence of antioxidant mechanisms, the dedifferentiation 
of organelles, and the formation of the vitreous state, 
among other mechanisms, which together promote 

Figure 5. Percentage of germination for Sesbania virgata 
seeds at different maturation stages. Averages followed 
by the same letter, lowercase for all treatments and 
capital letters within each treatment at each collection 
point (interaction), do not differ between themselves 
by Tukey test at 5% probability. Ad.* = Additional 
treatment, composed of seeds at 85 DAA) without 
artificial drying.
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desiccation tolerance in seeds (Berjak & Pammenter, 
2008). Delgado & Barbedo (2007) state that the drying 
speed is closely linked to the desiccation tolerance limit 
in seeds. The faster the drying process, the greater 
the degree of dehydration tolerated by the seeds, 
reducing the possibility of damage from the process. 
When slow dried, the seeds remain for a longer period 
in a desiccation range favorable to damage, including 
the action of free radicals, which cause great damage 
to the membrane structures (Berjak & Pammenter, 
2000). Corsato et al. (2012) studied the germination of 
Annona emarginata and obtained values ​higher than 
70% germination in seeds at advanced maturation 
stages after drying to 5%.

Seeds at 75 DAA after drying, showed lower 
performance than non-dried seeds (Figure  5). 
At 75 DAA, the decrease in germination values of dried 
seeds in relation to non-dried seeds may be related 
to damage suffered during the imbibition process, 
due to its low water content. At this point, even with 
pre-humidification, the S. virgata seeds may have 
undergone an increase in the solute leaching rate when 
subjected to rapid hydration, resulting in the transition 
from the gel phase to the liquid-crystalline phase of 
the membrane phospholipids (Berjak & Pammenter, 
2008), leading to damage that may have compromised 
germination performance.

Based on the protein electrophoretic profile, bands 
were observed from 32 DAA, showing molecular weight 

between 30 and 70 KDa, showing an increase in the 
band intensity up to 44 DAA, as well as observing the 
appearance of bands with low molecular weight. S. virgata 
seeds in initial stages of maturation showed reserve 
structures still at the beginning of their development, 
consequently presenting little accumulated material, 
thereby justifying the absence of bands in the first 
points. The material quantified in the spectrophotometer 
may have been basically composed of enzymes that, 
after the quantification process may have undergone 
degradation and, therefore, did not appear in the gel.

It was verified through the profile that the accumulation 
of reserve material in S. virgata seeds occurs over a 
short time interval, between 32 and 44 DAA. From this 
last stage onwards, the intensity of bands remained 
constant, with little variation, and molecular weight 
ranging from 15 to 90 KDa (Figure 6).

Contrary to Hand  et  al. (2006) who stated that 
heat-resistant proteins would only occur at the end 
of the maturation process, this accumulation was still 
in the early stages of maturation of S. virgata seeds, 
attesting to their early presence. This protein profile 
correlates with the desiccation tolerance results, which 
were acquired by the seeds at 44 DAA when the bands 
became more evident, reinforcing the relationship of 
these proteins with desiccation tolerance.

In the seeds of some species from the Fabaceae 
family, proteins are the main reserve components. 
In these seeds, part of these proteins will be stored 

Figure 6. Electrophoretic profile on SDS-PAGE discontinuous polyacrylamide gel of heat-resistant proteins in 
Sesbania virgata seeds at different stages of maturation. Numbers indicate days after anthesis (DAA).
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after accumulation during maturation to nourish the 
embryo in the seedling phase. Another fraction of 
proteins has a protective function, avoiding damage 
caused by environmental stresses (Santini & Martorell, 
2013), and assisting in the assembly and maintenance 
of cellular structures (Hand et al., 2011).

Heat-resistant proteins act to prevent denaturation 
and promote the aggregation of other proteins. They can 
also act in stress situations, increasing their abundance 
and preparing the seed for desiccation (Berjak & 
Pammenter, 2008), until achieving stability during 
maturation. Moore et al. (2009) related the participation 
of heat-resistant proteins in Annona emarginata seeds 
with the achievement of desiccation tolerance, as well 
as observed in S. virgata seeds.

Several factors promote an increase in heat-resistant 
proteins. One of them is the synthesis of abscisic acid 
(ABA), a plant hormone present in seeds and related 
to the synthesis and accumulation of substances that 
allow water reductions at the end of maturation without 
damaging the membrane system, demonstrating the 
complexity of these interactions (Finkelstein, 2002).

These results further reinforce the relationship 
between heat-resistant proteins and the acquisition 
of desiccation tolerance, which, together with other 
factors, provided orthodox seeds with efficient survival 
strategies.

4. CONCLUSION

S. virgata seeds reached the physiology maturity 
point at 44 DAA.

It was possible to describe the internal structures 
of seeds and observe the deposition of lignin at the 
end of maturation.

Physiologically, desiccation tolerance was acquired 
in seeds from 44 DAA.

Acquisition of desiccation tolerance is related to 
the expression of heat-resistant proteins.
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