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Abstract

Context: Coccoloba cowellii Britton is an endemic plant to Camagliey province, Cuba, which has been
reported in critical danger of extinction, though phytochemical studies have revealed the presence of
promising compounds with antioxidant activity. Hence, the need for standardizing the potential economic
exploitation of the species through preservation has encouraged scholars to study the features of the seeds and
germination.

Aim: To assess C. cowelli seed dormancy, and evaluate their germination under controlled conditions.
Methods: Anatomical and physiological evaluation of C. cowellii seed dormancy. A standard factorial
experiment was designed to evaluate the germination capacity under controlled conditions, consisting of three
factors, one with two levels, and the other with three levels. All the possible combinations were evaluated,
totaling 18 experimental units.

Results: The presence of non-dehydration sensitive C. cowellii seeds was checked, along with the absence of
factors that can delay their physiological maturity. There were differences in terms of germinative efficiency
resulting from scarification as pre-germinative treatments, rather than by inhibition. A significant decrease was
observed 180 days following the harvest, while the best results were achieved with the utilization of substrate
collected from the natural habitat.

Conclusions: C. cowellii seeds can be dehydrated and stored at room temperature to preserve embryo viability
of at least 50% of them. The feasibility of germination under controlled conditions favored the implementation
of ex-situ controlled steps, the generation of plant material for further research, and the existence of a potential
for sustainable production.

Keywords: Cuban flora, threatened species, ex-situ handling, conservation, germination.

) Technology, and the Environment, in Cuba (CITMA,
Introduction 2021).

One of the Goals for sustainable development of the
2030 Agenda is, Adopting urgent and significant
measures to reduce natural habitat degradation, stop
the loss of biodiversity, protect threatened species,
and prevent their extinction (the United Nations,
2018). These priorities are included in the regulatory
documents issued by the Ministry of Science,

This study offers the possibility of dealing with the
species Coccoloba cowellii Britton (Polygonaceae),
which has exclusive endemism to the province of
Camagiey, Cuba, on ultramafic soil ecosystems
(Méndez et al., 1988; Méndez et al., 2005; Martinez
& Reyes, 2015).
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C. cowellii is a 2-3 m high shrub with few branches,
with racemiform, multi-flower, conspicuous red
inflorescences. The flowers are anatomically perfect,
but unisexually in dioic plants. The fruit is achene,
ovoid, glabrous (6 x 3 mm), with an acute apex. The
pericarp is covered by a thickened hypanthium, with
tepals on the top, which turns from red to violet-black
when ripened. The seeds have a ruminate perisperm
and endosperm (Castafieda, 2014).

C. cowellii is threatened with extinction, and it has
been reported under the Critical Danger category
(CD), with a population spreading under 10 Km?, and
severely fragmented due to anthropic constructions,
such as settlements, road grids in different directions,
and power lines. Consequently, the number of
specimens, locations, and subpopulations has been
reduced continuously (Gonzélez et al., 2016).

Phytochemically, this is a promising species. The
ethanolic extract from the leaves has demonstrated a
high antioxidant activity (Méndez, 2019) due to the
high phenolic compound contents, especially
condensed tannins, and flavonoids (Méndez et al.
2019).

The need for standardizing the potential economic
exploitation of the species through preservation has
encouraged scholars to study the plant breeding
features. Accordingly, this paper pursues the
following: To assess C. cowelli seed dormancy and
evaluate their germination under controlled
conditions.

Materials and Methods

A research field was established to collect the
propagation material. It was located northeast of the
community of Albaisa, on the following coordinates:
21.434000. -77.834695. It was selected for the high
conservation level of the original vegetation, proper
C. cowellii structure, the high presence of adult
individuals, the proximity to research facilities, and
the access to the area.

The mother plants with sexually female behavior
were marked for collection. The fruit (achene) was
harvested when the color of hypanthium and tepals
on the top turned violet-black. To prevent previous
falls, the inflorescence was covered with a
Marquisette fabric bag.

The anatomical and physiological evidence was
studied to evaluate seed dormancy, according to
Baskin & Baskin (2014). At first, germination was
stimulated directly in the fruit, with no previous
processing, starting on the day of harvest. The
embryo viability was studied as well when the
propagation material collected in the field was
dehydrated and stored.
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The fruits were placed on absorbent paper for drying,
at room temperature indoors. For preservation and
storage, the propagation material was kept in a closed
room, at room temperature, as described by Vargas-
Simén & Pire (2010), using Coccoloba uvifera L.

The germination of the propagation material was
tested after drying, at room temperature in the shade,
using two previous treatments: imbibition and
scarification.

All the propagation material was dampened in Petri
dishes, containing 10 ml distilled water, in an RTOP
310 chamber, at 28 °C, constant temperature. The
method described by Diaz & Molinelli (2018) was
used to determine the amount of water that seeds can
absorb, and it was calculated based on the weight
throughout the process with an analytical balance
(Sartorius, BSA124S). The weight readings were
performed at 0.5, 1, 2, 4, 8, 12, 18, and 24 hours
following the start of imbibition. The seeds were
drained and dried on absorbent paper for 10 minutes,
before each weighing. An inhibition curve was
constructed with the data collected.

Concerning the second pre-germinative treatment,
three groups were set up. In one group, the seeds
were totally scarified; in another, mid-scarification

was made; and in the other, the seeds were not
scarified.
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Fig. 1. Different scarification levels: A) the Fruit with
thickened hypanthium, and the fleshy tepals of the
mother plant. B) Right: the fruit with thickened
hypanthium and flechy tepals after six months of
storage. Left: totally scarified seed. C) The fruit without
the thickened hypanthium and fleshy tepals (mid
scarification), measured in mm. D) The fruit without the
thickened hypanthium and fleshy tepals (mid
scarification).

Scarification (Figure 1) was done manually, using a
scalpel carefully not to damage the embryo. The three
levels established contrasted as follows:
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-Without scarification: All the structures of the
propagation material were conserved.

-Mid-scarification: The thickened hypanthium was
removed (including the apex-fixed tepals), but the
fruit (achene) was left intact with the seed.

-Total scarification: The thickened hypanthium was
removed (including the apex-fixed tepals) and the
pericarp (achene) to expose the seed.

The tests included the fruit (regardless of the
scarification level), recently harvested (less than 30
days of collection), and dehydrated and stored in
paper bags kept in a room, at room temperature, for
six months.

The germination study was done as described by
Soledad (2018) and Alonso (2018). A standard
factorial experiment was designed, consisting of three
factors, one with two levels, and the other with three.
All the possible combinations were evaluated,
totaling 18 experimental units.

The factors were,

1). Fruit storing periods (dry in the shade, kept in
paper bags at room temperature); two levels: fresh
fruit (less than 30 days of harvesting), and stored
fruit (for six months).

2). Propagation material scarification levels; three
levels: no scarification, mid-scarification, and
total scarification.

3). Types of substrate used for germination; three
levels: river sand, soil from the natural habitat,
and wormcast.

The propagation material of substrates was not
sterilized.

Overall, 450 seeds were set to germinate, at a rate of
25 per experimental unit. All the tests were made in
an RTOP 310 germination chamber. Two 12h
photoperiods (lighting and dark) were used, while the
relative humidity was constant (95%). With the lights
on, the temperature was 30 °C, whereas, in the dark,
it was 25 °C. The germination indicator was the
emergence of the plumula.

The statistical analysis of the germination percent
relied on an analysis of variance, multiple rank-sum
test, mean comparison test, mean discrimination by
LSD (Fischer), and regression coefficient. The
statistical data processing was performed using SPSS
23.
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Results and Discussion

General considerations on C. cowellii seeds

A well-developed embryo was corroborated through
anatomical evidence shown by the C. cowellii seeds,
along with the imbibition capacity right after
harvesting and emergence, both in the radicle and the
whole plant, after a few days. Massive germination
was completed directly in the fruit, with no previous
processing, starting the day of harvest, which
permitted verifying the absence of factors that delay
physiological maturity.

In harsh natural conditions, the species has easily
adjusted because of its quick germination, faster than
other plants. Similar reports have been studied
(Chavez, 2017). However, it differs from other results
that have proven the presence of physiological
dormancy in other species of this genus, such as C.
diversifolia Jacg. and C. uvifera (Sanchez, et al.,
2019).

Nevertheless, the presence of primary dormancy; that
is, one caused by the existence of a hard protecting
surface (achenes) that hinders water and oxygen
entry, and activates the embryo, creating favorable
conditions for handling the seeds.

However, the typical behavior of recalcitrant seeds
cannot be established. On the contrary, the humidity
was reduced to lower than previous levels when
harvesting (without compromising the embryo’s
viability), store the seeds at room temperature for six
months, and keep their germination capacity of, at
least, 50%.

The results demonstrated that the seeds can be
preserved at room temperature, to delay and adjust
sowing to the ex-situ handling needs. Nonetheless, at
six months of storage under the conditions described,
the germinative potency decreased by 50%. Hence,
further studies will have to evaluate the response of
the propagation material to controlled desiccation and
storage at low temperatures, more accurately, to raise
the levels of conservation efficiency.

Seed imbibition

Imbibition was used as a previous treatment for
germination (regardless) of the scarification level,
both in the fresh fruit and the stored fruit (six
months). The results are shown in Figure 2.

Most water was absorbed by the hypanthium and the
tepals on top of the propagation material, almost over
60% of the amount of water retained by the achene,
and 80% by the one retained in the seed. However, in
the first two cases, not all that humidity benefited the
embryo directly.
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After 18 hours of imbibition, the mass increased
continuously, depending on the level of scarification.
It underwent a 0.22 g increase without scarification;
the ones with a mid-scarification had a 0.08 g
increase, and the total scarification showed a 0.05 g
increase compared to the initial values.
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Fig. 2. Effect ofs carification type onthewater-absorption
dynamicon S cowelld seeds owertime. Al Fres h mass of
imbibedsead, B) Maximum water absorptionindex. The
error bars were estimated for every tregtment and
evaluation time. Mids @rification comsisted ofthe remomal
ofthe hypanthium fromthe fruit, wheress total
scarifimtion requiredthe remowal ofthe achenetesta.
The propagation material in the scarification level
absorbed water in the first eighteen hours past
wetting. The stage with the fastest water absorption
increase (Suéarez & Melgarejo, 2010) only lasted an
hour, when this substance went through the tissue,
while nutrient stabilization and mobilization needed
18 hours approximately.

This study demonstrated that imbibition does not
have a negative effect on C. cowellii germination. It
behaved differently from other dry fruit species, such
as Jatropha curcas L., in which prolonged water
exposure caused a linear reduction of germination
and longer time needed so that this process takes
place (Lozano-Isla et al., 2017).

Germination

The previously imbibed seeds began to germinate
five days after, regardless of the storage time.
Germination reached 100% when scarification was
performed, and the soil from the original plant habitat
was added. These results showed that, generally,
there are conditions to ensure the breeding of this
species sexually, and through traditional methods.
However, the experiments helped determine the most
effective alternatives.

4
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Based on the statistical analysis, significant
differences were only found in relation to the number
of days to the beginning of germination, between the
seeds with some level of scarification and the ones
with no scarification. The latter required about seven
days to complete plumula emergence, whereas the
former completed it in about thirteen days (Table
1A).

Table 1. Effect of scarification type on C. cowellii
seed germination from functionally-female flowers
A) Days needed for germination; B) Germination
percentage

Mean typical Variation

Treatments _ Mean error coefficient (%)
A) Days to germination (days)

NS* 12.6 b** 1.20 47.3
MS 6.6 a 0.48 36.1
TS 75a 0.81 53.8
Treatments B) Germination percentage (%)
NS 84.0b 0.07 0.45
MS 100.0 a 0.00 0.0
TS 100.0 a 0.00 0.0

*NS: non-scarified; MS: mid-scarification; TS: total scarification.
**Means with equal scripts did not differ statistically, according to
ANOVA and Tukey HSD, p>0.05 and n=25

It matched the findings in Triplaris brasiliana
(Polygonaceae), where the concentrated H,SOs-
scarified seeds at 30 °C, for 10 minutes, on Kraft
paper in tightly-closed glass tubes, reached 92%
germination, against 29% of the non-scarified plants
(Correia de Araujo et al., 2018).

Table 1B shows the statistical analysis of the results
in terms of germination, depending on the
scarification level, with significant differences. The
seed responded to the top release, so the time to
embryo emergence could be cut down, increasing
germination efficiency.

Table 2 shows the statistical analysis of the results in
terms of the effect of the substrate type on C. cowellii
seed germination, at different storage times. The
seeds stored at room temperature were observed to
significantly reduce the germinative power compared
to the fresh seeds, from the sixth month on, thus
demonstrating that the seeds can be stored for a long
time, up to 180 days.

There were significant differences as to the days
needed for germination in the different substrate
types and the storage time. In the seeds stored for a
month, the substrate that required the fewest days
(approximately 6) for plumula emergence was the
soil from the original habitat. That behavior differed
in relation to the seeds stored for the longest time,
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with the best results observed in river sand.
Concerning the germination percentage, no
significant differences were observed between factors
stored for a month (the best) and stored for six
months.

C. cowellii behaves differently from other
Polygonaceae species, such as Rumex turcomanicus
Czerep, whose fruit was stored for four months, and
showed the greatest germination percentage (95.51%)
(Alirezaie & Azizi, 2015). In Muehlenbeckia astonii
Petrie, also part of the same family, a better
conservation response was observed, as the seeds
planted six months after the collection showed 85.2%
germination (Wotton, 2018).

The best results were observed in the soil collected in
the original habitat (Figure 3). However, large-scale
production would affect the natural vegetation, so
further research studies should focus on mixing
different substrates in order to reduce the volumes of
soil removed from the ecosystems.

Table 2. Effect of the substrate type on C. cowellii
seed germination, at different storage times A) Days
needed for germination; B) Germination percentage

Table 2. Effect of the substrate type on C. cowellii
seed germination, at different storage times A)
Days needed for germination; B) Germination
percentage

Mean Variation

Substrate typical  coefficient
Storing  type Mean error (%)
time A) Days to germination (days)
1month RS* 2.8 a** 0.50 175
HS + Hu 4.1a 0.46 11.2
HS 8.1hc 0.84 10.4
RS + Hu 42a 0.42 10.0
Hu 9.5¢cd 0.57 6.0
6 months RS 10.2d 0.48 4.7
RS + Hu 10.7d 0.75 7.0
HS 6.3b 0.35 55
RS + Hu 9.5¢cd 0.60 6.4
Hu 10.4d 0.75 7.2
tS;':;])(r:ng tSyupt;strate B) Germination percentage (%)
1month RS 85.0 ab 10.00 11.8
RS + Hu 76.7 ab 10.93 143
HS 98.3a 1.67 1.7
RS+Hu 583bc 2455 421
Hu 66.7 ab 9.28 13.9
6 months RS 20.0 cd 11.55 57.7
RS + Hu 5.0d 2.89 57.7
HS 40.0 bed 5.00 125
RS + Hu 8.3d 4.41 52.9
Hu 18.3 cd 7.26 39.6
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*RS: River sand, HS + Hu Habitat soil + Humus, HS: Habitat soil,
RS + Hu: River sand + Humus, Hu: Worm casting

**Means with equal scripts did not differ statistically, according to
ANOVA and Tukey HSD, p>0.05 and n=25

The germination of the species begins five days after
sowing.

Imbibition and scarification were used as pre-
germinative treatments suitable for more efficient C.
cowellii germination, depending on the human and
material resources available.

The seeds scarified could germinate in fewer days
(seven) than the non-scarified seeds. Germination
reached 100% when scarification was performed, and
the soil from the original plant habitat was added, to
both the fresh and stored seeds.

The propagation material can be preserved at room
temperature to extend and adjust sowing to the ex-situ
handling needs. However, the highest germination
efficiency was observed when sowing took place 30
days after harvest.

Fig. 3. Germinated C. cowellii plantlets in soil from the
natural habitat, with 100% success.

The seeds stored for six months showed a lower
germinative power, and the best germination results
were in the soil collected from the natural habitat.
This behavior was observed likewise in the fresh
seeds, which could germinate totally in the two
scarification levels.

In situ, C. cowellii breeding can be handled for better
plant conservation, ensuring the plant material for
further research, and even, introducing new
individuals in natural populations, if deemed
necessary and advisable.
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Conclusions

Although C. cowellii seeds can be classified, in
general terms, as non-dormant, the presence of at
least primary dormancy creates favorable handling
conditions (desiccation, storage, etc.).
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