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ABSTRACT - This work aimed to evaluate the germination and morphology of fruits, seeds and description of plant growth stages
of mandacaru. The experimental design was completely randomized in a 2 x 3 factorial arrangement, consisting of combinations of
two light conditions and three temperature regimes. A daily count of the number of germinated seeds was performed until the 16®
day after sowing in order to determine the percentage, speed and time of germination. External and internal aspects were considered
for the morphological description. The germination and the development of plants were evaluated for 150 days and featured eight
stages of growth, based on morphological differentiation. The fruit has 154,66 + 40,01 g mass, 82,26 + 5,78 mm length, 62,63 +
6,63 mm diameter and 1439 + 189,78 seeds. The temperature of 25 °C under a photoperiod of 12 h provides the highest rate of seed
germination and the seeds behave as neutral photoblastic. The germination is epigeal and fanerocotyledonary. The growth is slow
and after 150 days of sowing the plant presents epicotyl with a large amount of thorns, where the whole plant is 325.30 mm in length.

Index terms: Cactaceae, mandacaru, morphology, seedling growth.

Germinagao e morfologia de frutos, sementes e plantas de Cereus jamacaru DC

RESUMO - Objetivou-se avaliar a germinacdo, morfologia de frutos, sementes e descricdo de estadios de crescimento de
plantas de mandacaru. O delineamento experimental foi o inteiramente casualizado, num arranjo fatorial 2 x 3, constituidos
pelas combinagdes de duas condigdes de luminosidade e trés regimes de temperatura. Contagens dirias do niimero de sementes
germinadas foram realizadas até o 16° dia da semeadura para a determinagdo da porcentagem, indice de velocidade e tempo
médio de germinag@o. Para a descri¢do morfologica das sementes consideraram-se aspectos externos e internos. O processo
germinativo e o desenvolvimento das plantas durante 150 dias foram avaliados sendo caracterizados oito estadios de crescimento,
baseados na diferenciagao morfologica. O fruto apresenta 154,66 +40,01 g de massa, comprimento de 82,26 + 5,78 mm, diametro
de 62,63 £ 6,63 mm e 1439 + 189,78 sementes. A temperatura de 25 °C sob fotoperiodo de 12 horas proporciona a maior taxa de
germinagdo e as sementes comportam-se como fotoblasticas neutras. A germinagao ¢ epigea e fanerocotiledonar. O crescimento
¢ lento e ap6s 150 dias da semeadura a planta encontra-se com epicotilo com presenga de grande quantidade de espinhos, onde a
planta inteira apresenta 325,30 mm de comprimento.

Termos para indexagdo: Cactaceae, mandacaru, morfologia, crescimento de plantas.
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Introduction

Cacti comprise about 100 genera, where 40 of them are
present in Brazil, represented by approximately 200 species
distributed in several Brazilian ecosystems, especially in the
Northeastern Caatinga (Souza and Lorenzi, 2008). These are
plants that are especially prone to survival in dry environments
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(Rojas-Aréchiga and Vasquez-Yanes, 2000; Souza and
Lorenzi, 2008), although species that inhabit rainforests are
not uncommon (Souza and Lorenzi, 2008). Mandacaru is a
columnar cactus, of multibranch trunk, fitted with yellowish
spines; its flowers are large, white, nocturnal and numerous
(Braga, 1976). The fruits are dehiscent, of glabrous surface,
reddish-purple color, large, containing numerous black seeds
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scattered on white pulp (Lorenzi and Matos, 2002), serving as
food for birds and wildlife of the region, and contributing to the
sustainability and conservation of biodiversity (Cavalcanti and
Resende, 2006). The plant develops in shallow soils in drier areas
of the semi-arid Northeast (Cavalcanti and Resende, 2006).

The propagation of cacti can be performed either sexually
as asexually (Rojas-Aréchiga and Vasquez-Yanes, 2000). The
aspects of germination and morphological characterization of
fruits, seeds and seedlings, in cacti, particularly of native species
in Brazil are scarce in the literature. However, several species
of cacti have been characterized regarding their morphological,
physiological and ecophysiological aspects, such as in:
Stenocereus stellatus (Rojas-Aréchiga et al., 2001); Stenocereus
2003);
queretaroensis (Loza-Cornejo et al., 2003); Hylocereus setaceus
(Simao et al., 2007); Denmoza rhodacantha (Méndez, 2007);
Melocactus bahiensis (Lone et al., 2007); Trichocereus
(Ortega-Baes 2007);
Hylocereus undatus (Andrade et al., 2008); Pilosocereus

queretaroensis (Barrera and Nobel, Stenocereus

terscheckii and Rojas-Aréchiga,
pachycladus (Abud et al., 2010); Pilosocereus gounellei
(Abud et al., 2012); Cereus jamacaru (Alencar et al., 2012a;
2012b), among other works.

Studies on the morphology of germination, in addition
to contributing with information on the propagation of the
species, address the germination classification relative to the
position of the cotyledons, which assists the interpretation
and standardization of germination tests (Beltrati, 1995). It is
essential to know the morphological characteristics of seeds
in order to maintain biodiversity, as well as to understand
and describe the germination process (Oliveira et al., 2006).
Furthermore, the combination of information about the
biometric characteristics of seeds and seedlings provides
subsidies for recognition of the species in the field and in seed
samples and can also help in the differentiation of species of
the same genus (Beltrati, 1995; Cruz et al., 2001).

Given the above information, and considering the lack of
information on the germination and growth of native caatinga
cacti, this study aimed to evaluate the germinative behavior of
seeds and describe the morphology of fruits, seeds and stages
of growth and development of Cereus jamacaru plants.

Materials and Methods

Mature Cereus jamacaru fruits were collected from the
Experimental Farm of the Curu Valley, Federal University
of Ceara (UFC), located in Pentecoste-CE. After harvest,
the fruits were packed in plastic bags and transported to the
Laboratory of Seed Analysis (UFC), in Fortaleza-CE.

The length and diameter were determined in ten fruits,

where the length is measured at the region between the base
and the apex, while the diameter is measured at the intermediate
region of the fruit. These measurements were taken with a
digital caliper with a resolution of 0.01 mm. These assessments
yielded the following descriptive statistics: mean, confidence
interval of the mean, standard deviation and coefficient of
variation. For the description of the morphology of the fruits,
external aspects were considered, such as type, format, epicarp
color, fruit weight, seed number and seed mass per fruit.

The extraction of seeds was carried out by opening the
fruits and removing the pulp by maceration in a colander and
rinsing under running water. Next, the seeds were shade dried
for 48 hours. The water content and mass of one thousand
seeds were determined, as described in the Rules for Seed
Testing (Brasil, 2009).

For seed germination, two light conditions (photoperiod
of 12 h and total darkness) and three temperature regimes (25,
30 and 20-30 °C) were tested, arranged in a 2 x 3 factorial
arrangement in a completely randomized design with four
replications of 50 seeds each. Seeds were put on Petri dishes of
14 cm in diameter, with a substrate consisting of two sheets of
filter paper moistened with distilled water at a ratio of 2.5 times
the mass of dry paper. The germinated seeds were counted daily
until the 16 day of sowing. Seeds were considered germinated
once they originated seedlings with primary root with at least
1 mm in length. Once in possession of daily and final count
data for germinated seeds, the following variables were
obtained: germination percentage - performed by counting
normal seedlings from each experimental unit, with the results
expressed in percentage; germination speed index - according
to the methodology recommended by Maguire (1962); mean
germination time - according to the formula proposed by
Labouriau (1983), with the result expressed in days. Seeds
kept in the dark were observed under green light. The data
were submitted to a variance analysis and the means were
compared by Tukey test at 5% probability.

For the description of the morphology of mandacaru
seeds, 50 units were used, taken at random in the work
sample. External (type, shape, structure, coloring, position
of the hilum and micropyle) and internal (embryo and tissue
reserves) aspects were assessed, according to Barroso et
al. (1999) and Beltrati (1995). To characterize the internal
morphology, seeds were previously soaked in distilled water
for 24 h, for softening and moisturizing. After this period,
longitudinal slides were performed and then observed under
magnifying glass INALH - MLS 250.

The descriptions and illustrations of the external
morphology of seedlings and plantlets were performed
by sowing 200 seeds in polyethylene trays containing
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vermiculite and humus as substrate in the proportion of 1:1
(v / v), kept under greenhouse conditions (50% shading,
average temperature of 29,6 °C and relative humidity of
60%) and intermittent irrigation. The characterization of the
final stages of growth was measured in plants transplanted
70 days after sowing, from the tray into polyethylene bags
of 12 x 15 cm, containing sand and humus as substrate in
the volumetric ratio of 1:1. The seedling germination and
growth process was evaluated over a period of 150 days,
with eight stages of growth being characterized, based on
morphological differentiation. For the characterization of
seedlings, the most vigorous were selected, evidencing:
root system, cervix, epicotyl and hypocotyl, according to
Barroso et al. (1999). The morphological aspects of seeds,
germination and seedlings were illustrated by hand.

Results and Discussion

The mass of one thousand mandacaru seeds was 4.42 g,
that is, one kilogram has 226,224 seeds. The water content of

the seed lot used for the work was 10%. One of the factors
that affect seed mass is the water content, which may vary
according to the conditions of the sampling, with age and
degree of maturity of seeds (Marcos-Filho, 2005).

Mandacaru seeds subjected to a constant temperature
of 25 °C and photoperiod of 12 h showed the highest
germination percentage (89%) and the highest germination
speed index value (6.7), which did not differ from that
obtained at 30 °C (Table 1), which is consistent with
the results found by Alencar et al. (2012a). A similar
germination behavior was observed for Pilosocereus
pachycladus seeds, where constant 25 and 30 °C temperatures
provided the best results in terms of percentage and germination
speed (Abud et al., 2010). Melocactus bahiensis seeds showed
similar germination behavior where the temperature of 25 °C
also resulted in higher percentages and germination speed index
(Lone et al., 2007). Rojas-Aréchiga and Vasquez-Yanes (2000)
state that favorable temperatures for germination of cacti
are between 15 and 35 °C and the optimum temperature for
germination is around 25 °C.

Table 1. Means of percentage, speed index (GSI) and mean germination time (MGT) of mandacaru seeds under three temperatures

and two light conditions.

Germination (%) GSI MGT (days)
Temperatures - - -

Photoperiod of 12 h Dark Photoperiod of 12 h Dark Photoperiod of 12 h Dark
25°C 89.0 aA* 25 aB 6.7 aA 1.3 abB 7.3 abA 10 aB
30°C 63.5 bA 0bB 5.5aA 0bB 6.4 aA 0bB

20-30°C 57.5bA 37 aB 3.9bA 2.1aB 8.8 bA 9.6 aA
'DMS (11, 15.18 1.38 1.95
’DMS ) 12.49 1.14 1.61

CV (%) 18.58 23.58 11.22

*Means followed by the same letter, lowercase in the columns and uppercase in the lines, do not differ by Tukey’s test (p < 0,05).
"Minimum significant difference regarding the temperature unfolding inside the photoperiod.
*Minimum significant difference referring to the photoperiod unfolding inside the temperature.

In the absence of light, occurred the inhibition of germination
at 30 °C, while at 25 and 20-30 °C was observed only a reduction
in the percentage of germination, suggesting that the minimum
phytochrome concentration in active form present in the
seeds was enough to trigger the germination process at these
temperatures, through the synthesis of hormones and the onset of
transcription of the genetic message (Marcos-Filho, 2005). In the
dark (Table 1) no statistical difference was found between the mean
values obtained at 25 °C (25%) and 20-30 °C (37%). However,
given the absence or low percentage of seeds germinated in this
condition, it is recommended that the germination of mandacaru
be held in light conditions. In a similar study conducted with seeds
of Cereus jamacaru, Meiado et al. (2010) state that in any of the
tested temperatures seed germination was verified in full dark,

classifying the species as positive photoblastic. Other studies with
cacti claim that germination is stimulated by light and thus, the
seeds are classified as positive photoblastic (Rojas-Aréchiga and
Vasquez-Yanes, 2000; Ortega-Baes and Rojas-Aréchiga, 2007).
There are no reports of negative photoblastism in cacti seeds.

The temperature of 30 °C and photoperiod of 12 h
provided the lowest mean germination time of mandacaru
seeds (6.4 days). Under dark conditions, the full mean
germination time was 10 days for the temperature of 25 °C
and 9.6 days to 20-30 °C.

The mandacaru fruits showed red coloring epicarp after
reaching physiological maturity (Figure 1A). These are fleshy
capsules, with irregular dehiscence, piriformis, polispermic,
presenting a thick and juicy pericarp (Figures 1A, 1B and 1C).

Journal of Seed Science, v.35, n.3, p.310-315, 2013



313

H. F. ABUD et al.

|ﬁ||u|||n'||m|h|ﬁhm|ummlhlﬂlunlnﬁlnnhﬁ\unlnﬁiuuhﬂuuhﬂ

A

B C

Figure 1. External (A) and internal (B) aspects of the ripe fruit and the plant with mandacaru fruit (C).

The mandacaru fruit showed 82.36 + 5.78 mm length
and 62.63 + 6.63 mm in diameter, 154.66 £ 40.01 g in
mass and contained 1439 + 189.78 black seeds (Table 2)
dispersed in the white pulp (Figure 1B). It was found that
the fruit and seeds’ masses and the number of seeds per

fruit had higher relative dispersions, as their coefficients
of variation denote. In their review, Rojas-Aréchiga and
Vazquez-Yanes (2000) reported no difference in the
number of seeds per fruit even within species, depending
on age, plant size, and other factors.

Table 2. Biometric characterization of mandacaru fruits and seeds.

Characteristics Mean' Standard-deviation CV (%)
Fruit mass (g) 154.66 +£40.01 64.56 41.74
Fruit length (mm) 82.36 £5.78 9.32 11.32
Fruit diameter (mm) 62.63 £6.63 10.70 17.08
N° of seeds/fruit 1439 +189.78 306.19 21.28
2.46 41.48

Seed mass (g) 593 +1.52

'Confidence interval (95%) calculated by the expression: X+t o %
2An

Cacti seeds have various shapes, colors, sizes and
appearances. Formats can present reniform, globular, ovoid,
pyriform and colorations black, brown, reddish brown,
among others (Rojas-Vasquez-Yanes and Aréchiga, 2000).
Mandacaru seeds are stenospermics, unalbuminous, the testa
is wrinkled and black in color, matte, slightly obovate-oblique

axis; m - micropyle; op - operculum; ts - testa.

format (Figures 2A and 2B). Seeds are campylotropous,
exotestal and bitegumented. The embryo is easily seen
when seeds are hydrated, is peripheral, has a white color
and occupies almost the whole space of the seed, and it is
cylindrical and large. It displays reserves in the cotyledons, of
white color and firm consistency (Figure 2C).

wu |

=

Figure 2. External (A, B) and internal aspects (C) of mandacaru seeds. Legend: ct - cotyledons; hl - hilo, hp-r - hypocotyl-radicle
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Eight stages of growth of mandacaru were recorded from
morphological changes presented to 150 days after sowing
(Figure 3). The mandacaru seed presented a length of 3.0
mm (Figure 3A). Three days after seeding, radicle protrusion
occurred by opening the operculum (Figure 3B). In a similar
study with facheiro seeds (Pilosocereus pachycladus) a
cactus found in the Northeastern Caatinga, which presents
morphological characteristics of plants, fruits and seeds similar

to mandacaru, Abud et al. (2010) observed that seeds present
a medium length of 1.55 mm and that the root protrusion
occurs approximately 96 h after sowing. The presence of a
higher amount of reserve material in the mandacaru seed may
have contributed to root protrusion occurring earlier than in
facheiro seeds, through activation of enzymes by absorption
and mobilization of these substances, and its translocation to
growth points.
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Figure 3. Morphological aspects of the seed and different stages of growth of mandacaru until 150 days after sowing. Legend:
hr - hypocotyl-radicle axis; hp - hypocotyl; rd - radicle; ct-cotyledons; ep - epicotyl; r - root.

Then, there was the development of the hypocotyl, which
grew rapidly, and five days after sowing the seedlings reached
8.7 mm in size, from the root to the shoot apex (Figure 3C).
At eight days after sowing, the seedling measured 9.2 mm
in total length (Figure 3D). At 17 days it was observed that
the hypocotyl was completely erect, and the cotyledons were
exposed, featuring the seedling as phanerocotylar. At this
stage of development, the plant had a total length of 19.30
mm from the cotyledons to the primary root (Figure 3E). Also
in Figure (3E), it is possible to visualize the pattern adopted
in this research for the count of normal seedlings during the
germination test.

The growth of the epicotyl proved to be slow, starting at 60
days after sowing, where the appearance of bristles between the
cotyledons was verified, with a total length of 32.10 mm (Figure

3F). At 90 days after sowing, the plant presented many thorns
and expansion of the epicotyl, and was approximately 190.20
mm in size (Figure 3G). Germination of mandacaru is epigean
and phanerocotylar. A similar study was done by Salles (1987)
with Cephalocereus fluminensis, where the development
stages of the seedling were observed from germination through
early development of the epicotyl, which occurred at 90 days
after sowing. In Pilosocereus pachycladus at 150 days after
sowing, the plant’s epicotyl was growing with the presence of
large amounts of thorns, and was 94.31 mm in length, from
the root to the shoot apex (Abud et al., 2010). From 90 days
after sowing, morphological changes observed were small,
occurring only upon increase in the size of the plants, until 150
days after sowing, when the total length of the plant from the
root to the shoot apex was 325.30 mm (Figure 3H).
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Conclusions

The temperature of 25 °C under a photoperiod of 12 h
gives the highest rate of germination of Cereus jamacaru
(mandacaru) seeds and they behave as neutral photoblastic.

Germination of mandacaru seeds is epigean and

phanerocotylar.

The growth of the mandacaru plant is slow, and at 150
days after sowing, the plant presented an epicotyl with many
thorns; the plant’s total length is approximately 325.30 mm.
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