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ABSTRACT — Palm trees are widely used as ornamental plants, besides its sustainability and industry aspects.
These plants are commercially propagated via seeds. Due to its importance and the need for seed germination
information, this study aimed to verify the effect of temperature, light regimes, and desiccation tolerance
on germination of Mauritia flexuosa L.f. For that, two completely randomized experiments were carried out.
The first consisted of treatments arranged in a 6 x 2 factorial scheme, testing six temperatures (20, 25, 30,
35,20-30, and 25-35 °C) and light presence and absence. The second comprised five seed water contents
(51,48, 45,30, and 26%) for desiccation tolerance evaluations. Water content measurements were made
every three days, from a sample lot maintained at room temperature. In both trials, each treatment was composed
of four replicates with 25 seeds per plot. Germination rate (GR) and germination speed index (GSI) were calculated,
and the data were analyzed by analysis of variance (ANOVA). Temperature and light means were compared
by the Tukey’s test (p < 0.05), and the desiccation ones by a polynomial regression. The highest GR was
observed at 20-30 °C, regardless of light presence. Moreover, M. flexuosa seeds were sensitive to desiccation.

Keywords: Arecaceae; Buriti; Palm tree.

TEMPERATURA, LUZ E TOLERANCIA A DESSECACAO NA GERMINACAO
DE SEMENTES DE Mauritia flexuosa L.F.

RESUMO — As palmeiras sdo amplamente utilizadas como plantas ornamentais, além da importancia para
a sustentabilidade e para a industria. A propagag¢do comercial destas plantas é realizada por meio de sementes.
Devido a importdncia da espécie e a necessidade de elucidar alguns aspectos relacionados a germinag¢ao
das sementes, este trabalho teve como objetivo verificar o efeito de temperatura, regimes de luz e tolerdncia
a dessecagdo na germinagdo de sementes da palmeira Mauritia flexuosa L.f. Foram realizados dois experimentos
e em ambos o delineamento experimental foi o inteiramente casualizado. No primeiro, estudou-se o efeito
da temperatura e da luz e os tratamentos foram dispostos em esquema fatorial 6 x 2 (seis temperaturas:
20 °C, 25 °C, 30 °C, 35 °C, 20-30 °C e 25-35 °C combinadas com presenga e auséncia de luz); foram quatro
repeti¢oes de 25 sementes por parcela. No segundo, estudou-se a tolerdncia a dessecagdo e os tratamentos
foram cinco teores de dgua nas sementes (51%, 48%, 45%, 30% e 26%) aferidos a cada trés dias de um
lote mantido em condigées ambiente; foram quatro repeti¢oes de 25 sementes por parcela. Avaliou-se a porcentagem
de germinacdo e Indice de Velocidade de Germinacdo. Os dados foram submetidos & andlise de varidncia;
as médias de temperatura e de luz foram comparadas pelo teste de Tukey (P < 0.05) e para desseca¢do
realizou-se a analise de regressdo polinomial. A temperatura de 20-30 °C foi a que apresentou maiores
médias de porcentagem e de velocidade de germinagdo independentemente da preseng¢a ou auséncia de luz.
As sementes de M. flexuosa se mostraram sensiveis a dessecac¢do.

Palavras-Chave: Arecaceae,; Buriti; Palmeira.
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1.INTRODUCTION

Mauritia flexuosa L.f. is a palm species of the
family Arecaceae, commonly known as moriche palm
or buriti. It has solitary, column-like stems and palmate
leaves, and is able to reach 25 m in height and 0.80
m in diameter. This species occurs in the flooded and
wet regions of several Brazilian states (Lorenzi et al.,
2010). Although native to Brazil, M. flexuosa is not
endemic, and can be found in diverse ecosystems. This
species can be encountered in Amazonia, Caatinga,
and Cerrado biomes, as well as in riparian/gallery forests,
floodplains, and palm savannas in the states of Acre,
Amazonas, Para, Rondénia, Tocantins, Bahia, Ceara,
Maranhao, Piaui, Federal District, Goias, Mato Grosso
do Sul, Mato Grosso, Minas Gerais, and Sdo Paulo
(Arecaceae..., 2018).

Besides being widely cultivated in Brazil, this species
has great socioeconomic importance. The fruit, which
is commonly traded, is a good source of vitamins and
minerals, besides contributing to fauna preservation
since it serves as food for wild animals (Milanez et
al.,2018).

In addition, this palm species has a great ornamental
value, as do the majority of palm trees. The leaves are used
as a roof material for thatched houses; the fruits serve as
food for people in juices and candies; the petioles are used
to make toys and handicrafts (Lorenzi et al., 2010).

This palm is commercially propagated via seed. If
compared to many other species, it has a low germination
rate, which is slow and uneven due to several factors (Pivetta
etal., 2007).

Germination can be influenced directly or indirectly
by temperature, which impairs seed viability, dormancy
overcoming, deterioration time, water absorption speed,
and biochemical reactions during germination (Marcos Filho,
2015; Mahmood et al., 2016). Among other aspects, this
climatic factor can reduce germination total rate, speed,
and uniformity (Carvalho and Nakagawa, 2000; Castro and
Hilhorst, 2004).

In general, palm seeds require high temperatures
to achieve maximum germination rate, speed, and
uniformity. The temperature range between 21 and 38
° C is suitable, but the best results are reached between
29 and 35 °C (Meerow and Broschat, 2015).

Although most species of palm trees are of tropical
origin, of which seeds are naturally germinated at high
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temperatures, some studies have shown interference
of this factor variation on germination rates and speed,
depending on the species. Pivetta et al. (2013) verified
higher rates and speed levels in seeds of Roystonea
regia (H. B. K.) O. F. Cook at a constant temperature
of 35 °C. Likewise, Luz et al. (2017) observed higher
values for seeds of Archontophoenix cunninghamii
H. Wendl. & Drude at a constant temperature of 25
° C and alternating of 25-35 °C. For Costa et al. (2018),
a temperature of 20 °C provides higher germination
rates and speed for Euterpe precatoria Mart.

Another factor that can interfere with seed
germination would be light (Castro and Hilhorst, 2004).
Seeds of Livistona chinensis (N. J. Jacquin) R. Brown
ex Mart. present a high germination rate regardless
of the light regime; however, the process is faster in
the presence of light (Kobori et al., 2009). Conversely,
this factor was found to be unresponsive in Euterpe
edulis Mart. (Aguiar et al., 2017) and E. precatoria
(Costaetal., 2018).

Seeds of many species lose viability after dehydration
(Tweddle et al., 2003), what varies widely among species
(Berjak and Pammenter, 2008). The majority of palm species
are considered recalcitrant, that is, they lose viability when
water contents reach values lower than those considered
critical and, if it is equal to or below those considered lethal,
viability is totally lost (Martins et al., 1999).

Given the importance of this species, this study aimed
to verify the effect of different temperatures, light presence,
and desiccation tolerance on germination of buriti seeds
(M. flexuosa), so that germination-related aspects could
be elucidated for further production of high-quality seedlings
at a large scale.

2. MATERIALAND METHODS

Fruits of Mauritia flexuosa were harvested from
10 palms planted at a farm in Buritizal city, Sdo Paulo
state (SP), Brazil. The collections were held on November
7 (2016) and February 20 (2017), using a pruning knife.
Criteria for harvest was based upon fruit color (reddish-
brown) and only the fallen fruits were taken, as an
indicator of maturity. A fter harvesting, the fruits were
packed in plastic bags and transported to the Laboratory
of Vegetable Seed Analysis, State University of Sdo
Paulo (UNESP) - Jaboticabal Campus - SP.

In the laboratory, two experiments were carried
out. The first was conducted between November 2016
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and March 2017 to test the effects of temperature and
light on buriti seed germination. Whereas the second
was carried out between February 2017 and July 2017
to evaluate the effect of desiccation levels on seed
germination.

2.1. Temperature and light effects

The experimental design was completely randomized,
and treatments were arranged in a 6 x 2 factorial scheme
with four replicates of 25 seeds. The treatments consisted
of six temperature conditions (20 °C, 25 °C, 30 °C, 35
°C, 20-30 °C, and 25-35 °C) and light absence and
presence. In this experiment, seed water content was
about 48%.

Soon after arrival in the laboratory, the fruits were
immersed in water for 24 hours. Then, fruit pulp (epicarp
and mesocarp) was removed by friction against a steel
mesh screen. After pulping, two samples of 10 pyrenes
(seed plus endocarp) were used for water content
gravimetrical determination, after drying in an oven
for 24 hours at 105 £+ 3 °C (Brasil, 2009).

For light treatment, samples were placed into clear
plastic boxes (20 x 12 x 6 cm), which were stored in
polyethylene bags, transparent for the light presence
and black for absence, and left under artificial lightning.
The boxes were filled with medium vermiculite as a
substrate, which was maintained at 100% water retention
capacity. These boxes were then placed in germination
chambers, with the temperature set according to
treatment. Photoperiod length was of 12 h.

2.2. Desiccation tolerance

The experimental design was completely randomized
with five treatments, which consisted of seed water
contents (51%, 48%, 45%, 30%, and 26%).

After arrival in the laboratory, the fruits were pulped.
The initial water content of seeds was 51% and
corresponded to the first treatment. Then, pyrenes
were placed on abench under environmental conditions
for a gradual loss of seed water. Every three days, moisture
measurements were taken, and fruits were placed into
clear plastic boxes (20 x 12 x 6 cm) with medium vermiculite
as substrate (maintained at 100% water capacity), which
were packed in plastic bags or germination in a chamber
at 20 — 30 °C. These measures were taken within 12
days, comprising the other four treatments (48%, 45%,
30%, and 26%). Each plot consisted of four replicates
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with 25 seeds. For each treatment, water content
measurements were made in two samples of 10 pyrenes,
as recommended in Brasil (2009).

2.3. Statistics

Seeds were considered germinated upon germinative
bud appearance. Germinated seeds were counted daily
at the same time, until germination stabilization in all
treatments. For temperature and light experiment, it
lasted 120 days, and for desiccation experiment, 150
days.

Germination Speed Index (GSI) was calculated using
the formula proposed by Maguire (1962). For statistical
analysis, germination percentage data were transformed
to arcsine (x/100)'2.

Data underwent analysis of variance (ANOVA).
Means of the first experiment were compared by the
Tukey’s test (p d” 0.05), and those of the second by
polynomial regression; this analysis was used to verify
the behavior of variables as a function of water content
reductions. The best fit was defined by combining
significance and higher determination coefficients.

3. RESULTS

No significant interaction between temperature and
light was observed for germination rate (GR) and GSI. However,
both variables showed significant differences among
temperatures. The light presence had no significant results
for both variables (Table 1).

A negative linear fit was found between GR and GSI
in the second study, and values decreased with seed water
content reductions (Figure 1).

The highest GR (91%) was observed at the time of
harvest when seeds had a water content of 51%. After
desiccation, this rate decreased (81%, 72%, 64% and 47%)
with moisture loss (48%, 45%, 30%, and 26%, respectively).

Again, the highest GSI was at harvest (1.2490) and,
as seeds were dried, it reduced (1.0993 at 48%, 0.8973 at
45%,0.7358 at 30%, and 0.6250 at 26%).

4. DISCUSSION

In this study, we found that alternating temperatures
provided the highest GR (20-30 °C) and GSI (20-30 °C)
for M. flexuosa seeds (with or without light). The same
has been reported for other palm species such as Bactris
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Table 1 — Mean squared errors and averages for germination
rate (GR) and germination speed index (GSI) of
Mauritia flexuosa L f. seeds under different
temperature and light conditions.

Tabela 1 — Quadrados médios e médias obtidas nas andlises
de varidncia para porcentagem de germinagdo
e Indice de Velocidade de Germinagdo (IVG), de
sementes de Mauritia flexuosa L f-, em diferentes
condigoes de temperatura e luz.

Variation sources DF GR (%) GSI
Temperature (T) 5 3376.6*%* 0.5009**
Light (L) 1 3.0N8 0.0016N
TxL 5 35.0N 0.0034~s
Residue 32.3 0.0137
CV (%) 10.39 12.63
Means
Temperature
20 °C 28.5d! 0.7813 b!
25°C 455 ¢ 0.7850 b
30 °C 49.0 ¢ 0.7475 b
35°C 48.0 ¢ 0.7450 b
20-30 °C 86.0 a 1.2400 a
25-35°C 71.5b 1.2563 a
Light
Presence 54.5 a 0.9200a
Absence 55.0 a 0.9317 a

1/ original (not transformed) values

NS — non-significant (p>0.05); ** significant at 1% probability level
(p<0.01)

Means followed by the same letter in the column do not differ from
each other by the Tukey’s test at 5% probability.

08 _
E/‘__
06
0.4
¥=0.05866107 + 0.02156472 x, R* = 0.77
02
0
55 50 45 40 35 30 25

Water content (%)

Figure 1 — Regression curves between (A) germination rate
(data transformed to arcsine (x / 100)"?) and (B)
germination speed index (GSI) for different water
contents in buriti seeds (Mauritia flexuosa L 1.).

Figura 1 — Curvas de regressdo entre (A) Porcentagem de
germinagdo (dados transformados em arc seno
(x/100)"?) e (B) Indice de Velocidade de Germinagéo
(IVG) e diferentes teores de agua em sementes de
buriti (Mauritia flexuosa L f.).
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maraja Mart. (Rodrigues et al., 2014) and Phoenix
canariensis Hort. ex Chabaud (Pimenta et al., 2010).

The GR values observed here were higher than
the rates found for other palm species of genus Euterpe
such as E. edulis and E. oleracea Mart. (Beckmann-
Cavalcante et al., 2012) and E. oleracea (Pivetta and
Luz, 2013). Likewise, Meerow and Broschat (2015)
observed that alternating temperatures at 12-hour intervals
promoted increases in overall GR for some palm species.

Alternating-temperature responsive seeds have
enzymatic mechanisms able to function at different
temperatures (Vazquez-Yanes and Orozco-Segovia, 1987).
According to Borges and Rena (1993), this response
might be an adaptation to natural environmental
variations. On the other side, Costa et al. (2018) reported
that a constant temperature of 20 °C provided the highest
GR and GSI means for E. precatoria, both in light and
darkness. Therefore, the ideal temperature should be
determined for each species since it interferes with
seed germination rate, speed, and uniformity (Castro
and Hilhorst, 2004).

We also observed that light was not an essential
factor for M. flexuosa germination. As a result, these
seeds could be considered as neutral photoblastic,
as already suggested by other authors (Vazquez-Yanes
and Orozco-Segovia, 1990; Marcos Filho, 2015). This
light indifference is a behavior usually observed in
the germination of sub-forest species and shade plants
(Andrade, 1995). For instance, we may cite other palm
species such as Aiphanes aculeata Willd. (Silva et
al., 1999), Rhapis excelsa (Thunberg) Henry ex. Rehder
(Aguiar et al., 2005), Livistona chinensis (Kobori et
al.,2009) and E. precatoria (Costa et al., 2018).

Desiccation tolerance is a clearly advantageous
potential that allows seed survival over time and in
arid environments (Pammenter and Berjak, 2000). This
trait is measured by the critical water content for each
species, below which germination ceases (Hill et al.,
2010). Félix et al. (2017) claimed that such content might
vary considerably from one palm species to another,
especially when they are from different climatic regions.
Such a variation has already been verified for Oenocarpus
bacaba Mart. seeds, which do not stand drying below
27% humidity, therefore being classified as recalcitrant
(José etal., 2012). Another case is Corypha umbraculifera
L. seeds, which maintain GR above 53% even after
being dehydrated to 17% moisture level, a characteristic
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of intermediate seeds (Viji et al., 2013). We can also
cite the orthodox seeds, as the case of Orbignya
phalerata Mart., which are able to maintain GRs above
55% until a 5% moisture content (Silva et al., 2012).

Batista et al. (2016) found that seeds of Dypsis decaryi
(Jum.) Beentje & J. Dransf. and Ptychosperma elegans (R.
Br.) Blume had germination reduced as seed water contents
decreased to 20% and 27%, respectively, showing to be
sensitive to desiccation. In contrast, the same authors classified
the seeds of Carpentaria acuminata (H. Wendl. & Drude)
Becc. and P, canariensis as desiccation tolerant since they
presented GRs of 70% and 76%6 as moisture contents decreased
by 8% and 5%, respectively. Similarly, Costa et al. (2018)
observed that the GRs of E. precatoria seeds at 11% moisture
level were above 69%, therefore being also considered as
tolerant.

At harvest, when seed water content was 51%, GR
was 91% observed by Bastos (2014) for O. bacaba palm
seeds that showed high germination (80%) when newly
harvested and with 41.1% water content. This rate fell from
91 to 47% when the water content of seeds decreased (51
to 26%) within the 12 days of evaluation. Although it is
a sharp fall, this rate is still not considered critical, as is
26%. However, we can consider these seeds desiccation
sensitive as in the case of D. decaryi and P, elegans (Batista
etal., 2016).

Rodrigues et al. (2014) observed that the seedling
emergence of B. maraja palms decreased 37% when seed
water contents went from 23.6% to 7.8%, but the seeds
can still be regarded as tolerant. Félix et al. (2017) verified
that the seedling emergence of Adonidia merrillii (Becc.)
Becc. was 100% at 44% humidity and remained above 92%
until 28% but fell rapidly until become unviable at 16%
(recalcitrant).

Although recalcitrant seeds have elevated GRs under
conditions of high moisture, water contents above 25% at
temperatures above 20 °C favor the growth of fungi, what
may be worsened by the release of reserve substances during
seed deterioration. Therefore, seed desiccation at low
temperatures could avoid such problems by not harming
the embryo (Marcos Filho, 2015).

5. CONCLUSION

The alternating temperature of 20-30 °C resulted
in the highest values of germination rate and speed
for M. flexuosa seeds, regardless of light presence.
These seeds are also sensitive to desiccation.
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