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ABSTRACT: Cereus jamacaru is a widespread Cactaceae of northeast Brazil, largely used
as cattle food, and as ornamental and medicinal plant. Despite its distinguished importance,
until now, there has been little information about the physiological aspects involved on its
germination. The objective of this study was to evaluate the effect of light and temperature
interaction on the seed germination and seedling establishment of this plant. The evaluated
variables were germination percentage at 7 (% G7) and at 14 days after imbibition (% G14),
germination average time index (GSI), germination average time (GAT), germination accu-
mulated frequency (GAF), seedling dry mass and height. The highest % G14 and GSI were
at 25 °C in white light, whereas the highest GAT values were in darkness for all evaluated
temperatures. On the other hand, % G14, GSI and GAF had the lowest values in darkness.
Seeds germinated even in darkness, being however stimulated by the presence of light. The
combination of white light and temperature of 25 or 30 °C is the most appropriate condition
for seed germination tests.
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Introduction

Water, temperature, light, and salinity interact at
the soil interface and regulate seed germination in arid
environments (Bewley and Black, 1994; Bewley, 1997).
Light is one of the most important environmental factors
regulating plant growth, especially the seed germination
of arid and semiarid species, among which many are
positively photoblastic (Kigel, 1995). Regarding Cactace-
ae species, seeds of globose (i.e. Opuntia tomentosa) and
barrel cacti (i.e. Ferocactus spp.) are positively photoblas-
tic, whereas those of columnar cacti (i.e.Pachycereus prin-
glei and Carnegiea gigantea) are either indifferent to light
or positively photoblastic (Rojas-Aréchiga and Vazquez-
Yanes, 2000; Benitez-Rodrigues et al., 2004; Ortega-Baes
and Rojas-Aréchiga, 2007). Cactus seeds can germinate
over a wide range of temperatures and are frequently in-
different to temperature fluctuations (Benitez-Rodrigues
et al., 2004). On the other hand, some cactus seeds reach
their maximum germination at constant temperatures,
between 20 and 30 °C, with optimal values frequently
at 25 °C and with a low percentage at extreme tempera-
tures (Rojas-Aréchiga and Vasquez-Yanez, 2000; Ortega-
Baes and Rojas-Aréchiga, 2007).

One of the most representative species of the Caat-
inga vegetation in Brazil is the columnar cactus Cereus ja-
macaru DC. ssp. jamacaru. (mandacaru), which is widely
distributed in this region and has great importance for sus-
tainable development and conservation of the biodiversity
of this biome. This cactus is much used during the driest
months as cattle food (Cavalcanti and Resende, 2004). It is
also used as an ornamental plant, and infusions/extracts of
their stems and roots are claimed to be efficient for treating
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respiratory diseases (Andrade et al., 2006; Lorenzi and Ma-
tos, 2002). Despite of the extensive literature on the char-
acteristics of seed germination and reproductive biology of
other cactus seeds, there is little information available on
C. jamacaru seed germination. Thus, we aimed to evaluate
the light and temperature influence on seed germination
and seedling establishment of this cactus.

Materials and Methods

Seeds were obtained from mature fruits of Cereus
jamacaru D.C. plants from Cratets, state of Ceard, Brazil
(5°12'35"" S, 40°42'13" W). Seeds were separated from
fruits, dried at ambient temperature in the shade and im-
mediately used for the experiments. Thereafter, seeds were
treated with 5 % sodium hypochlorite for 5 min, and ger-
minated on two paper sheets moistened with distilled wa-
ter (4.5 mL) in plastic boxes (14 x 14 x 3.5 cm) and kept in
a germination chamber with a 12 h constant photoperiod.

C. jamacaru germination was analyzed under four
light treatments (white, darkness, red and far-red) at six
temperatures: 15, 20, 20-30 (alternated), 25, 30 and 35
°C. White light was obtained with the aid of four day-
light fluorescent lamps of 20 W. The darkness condition
was obtained by covering the plastic boxes with two
sheets of aluminum foil. Red light was obtained from
the white light that passed through two red cellophane
papers wrapping the plastic boxes (Freitas and Takaki,
2000; Khera and Singh, 2005). The different tempera-
tures were obtained by regulating the growth chamber.

Seeds were considered germinated after radicle pro-
trusion (Bewley and Black, 1994). Seed germination was
scored daily and under darkness condition seeds were
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monitored under a green safe light. The germination pa-
rameters recorded were: germination speed index (GSI) ac-
cording to Maguire (1962), germination percentage of seeds
at 7 (% G7) and 14 days after imbibition (DAI) (% G14)
and germination average time (GAT) according to Laboriau
(1983). The germination accumulated frequency (GAF) was
estimated using the sum of seeds germinated daily (Labo-
riau and Agudo, 1987). The evaluated growth parameters
were seedling average height, measured with millimeter
rule and seedling dry mass (determined after plant material
reached a constant weight in an oven at 60 °C).

Experimental design was a completely random 3
x 6 factorial arrangement, corresponding to three light
conditions at six temperatures, with four replicates of
50 seeds each. The temperatures of 15 and 35 °C were
not subjected to statistical analysis, because under these
conditions there was no germination. The germination
percentage data were arcsine-square root transformed to
normalize data for ANOVA. Means were compared using
a Tukey test (p < 0.01).

Results and Discussion
C. jamacaru seed germination was (p < 0.01) af-
fected by the interaction between light and temperature,
and germination was observed in all evaluated condi-
tions (Table 1), except at 15 and 35 °C, with no germina-

Table 1 — Germination percentage of seeds at 14 (A) and 7 days
after imbibition (DAI) (B) and germination speed index (C) of C.
jamacaru seeds at 20, 20-30 °C (alternated), 25 and 30 °C in
white, darkness and red light.

tion (data not shown). The germination percentage at 14
DAI (% G14) was similar for 20 and 25 °C in white and
red light, corresponding to the highest % G14 values.
However, in general, the lowest % G14 values were ob-
served at all temperature treatments in darkness, where-
as the minimum germination rate occurred at 30 °C in
darkness, corresponding to only 10 % (Table 1A). This
result indicated that C.jamacaru seeds are strongly af-
fected by the light presence, suggesting that these seeds
are positively stimulated by this condition. In contrast,
for Basella rubra seeds that were subject to different light
regimes with the cellophane paper use, it was not de-
tected differences between white and red light and dark-
ness, being these seeds classified as neutral photoblastic
(Lopes et al, 2005).

The maximum rates of % G7 were observed at 25
°C and 30 °C in white and red light, whereas the lowest
% G7 were verified at 20 and 30 °C in darkness, corre-
sponding to only 9 % (Table 1B). These data corroborate
with the % G14 results, which showed the same ten-
dency. The highest GSI values were verified at 25 and 30
°C in white light, whereas the lowest GSI values were
observed in all temperature treatments in darkness. The
most affected condition was at 30 °C with GSI of 0.8 (Ta-
ble 1C). This result demonstrates that C.jamacaru seeds
are indifferent to light quality, by the fact that germina-

Table 2 — Germination average time of seeds (A), dry mass (B) and
height (C) of C. jamacaru seedlings after 14 days of imbibition
at 20, 20-30 (alternated), 25 and 30 °C in white, darkness and
red light.

Germination percentage (%) at 14 DAI (A)

Germination average time (days) (A)

Light conditions T ; Light conditions
Temperatures White Darkness Red emperatures White Darkness Red
OC OC
20 98 aA /2aB 100 aA 20 8.8 2B 11.3 aA 9.1aB
20-30 74 cA 67 aA 76 dA 20-30 5.1 bB 9.5 bA 6.3 bB
30 _91bA 10 bC 89 cA 30 43bC 6.8 cA 6.4 bB
Germination percentagle (%) at 7 PAI (B) Seedling dry mass (mg) (B)
Light conditions Light conditions
Temperatures White Darkness Red Temperatures White Darkness Red
Dc o
C
20 17 cAB 9 beB 34 bA 20 1.5 bA 1.1 beB 1.2dB
20-30 61 bA 29 abB 37 bB 2030 33aA 26 4B 32 2A
% 90 aA 27 aB 93aA 25 1.6 bA 1.4 bA 1.6 cA
30 90 aA 9 abcC 79 aA 30 1.6 bB 0.7 cC 2.7 bA
Germination speed index (C) Seedling average height (cm) (C)
Light conditions Temperatures . Light conditions
Temperatures White Darkness Red White Darkness Red
¢ °C
20 5.8 cA 3.5 bB 6.3 bcA 20 1.2¢cB 1.4 dAB 1.4 bAB
2030 8.2 bA 4.8 aB 5.8 cB 2030 1.8aB 2.0 bAB 2.0 aAB
25 11.0 aA 4.6 abC 8.5 aB 25 1.5bC 2.5aA 1.8aB
30 10.1 aA 0.8¢cD 7.4 abB 30 0.8dC 1.7 cA 1.7 bAB

Means followed by the same capital letters within each temperature and with
the same lowercase letters within each light treatment are not different (Tukey
test, p > 0.01).

Means followed by the same capital letters within each temperature and with
the same lowercase letters within each light condition are not different (Tukey
test, p > 0.01).
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tion occurred similarly for white and red light at 25 °C.
In another study with C. jamacaru, the maximum germi-
nation for this species was observed at 30 °C in white
light, corresponding to 95.8 % of germination (Meiado
et al., 2010). Additionally, for globose cactus Melocactus
bahiensis, the highest germination percentage and ger-
mination speed index were detected at 25 °C (Lone et
al., 2007).

The highest germination for C.jamacaru seeds at
25 °C was corroborated with other sudy with the same
species performed by Guedes et al. (2009). These au-
thors described that C. jamacaru seeds germinated at 25
°C on paper sheets, showing the highest values for GSI
and germination percentage at 4 days of imbibition. Con-
versely, seeds of C. jamacaru, Microchanthus flaviflorus
and Pilosocereus gounelli had high germination percent-
ages when incubated at 20-30 °C and 25-35 °C in pho-
toperiod conditions, whereas - and in agreement with
this study - seeds under the darkness condition showed
inhibited germination (Veiga-Barbosa et al., 2010). In a
recent study of C. jamacaru germination under different
environmental conditions, no germination in darkness
was observed, suggesting that these seeds are positively
photoblastic (Meiado et al., 2010). On the other hand, in
this study, seeds germinated in darkness, just as other
columnar cacti such as Pachycereus pringlei (Nolasco et
al., 1997). However, our results suggest that darkness is
not appropriate for germinate.

50 -
40 -
30 A

20 A

Number of germinated seeds

Number of germinated seeds

Days after imbibition

The lowest values of germination average time
(GAT) were observed at 25 and 30 °C associated with
white light, whereas the highest GAT values were veri-
fied at 20 °C in darkness. However, the germination of
C. jamacaru occurred between 20 and 30 °C in all light
conditions (Table 2A). This result reinforcing that the
darkness is not appropriate condition for germination of
this cactus, considering that it promoted pronounced in-
crease in GAT, which is related in germination delay.

With respect to temperature, some authors have
shown that cactus seed germination usually occurs be-
tween 17 and 34 °C, with optimum values around 25
°C (Rojas-Aréchiga et al., 1997; Rojas-Aréchiga and
Vasquez-Yanes, 2000). However, for C. jamacaru, it was
observed seed germination between 20 and 30 °C, with
highest germination at 25 and 30 °C. In contrast to this
study, the germination of Hylocereus setaceus occurred at
a wide range of temperatures, varying between 15 and
40 °C under white light (Sim&o et al., 2007). Interest-
ingly, our results suggest that white and red light at 25
°C, followed by the same light conditions at 30 °C, con-
tributed to the highest germination rates for C. jamacaru
seeds, which were also related to the highest GSI and the
lowest GMT values under these conditions.

The highest values for seedling dry mass were ob-
served at 20-30 °C in white and red light and at 30 °Cin
red, whereas the lowest seedling dry mass values were
observed at 20 °C in all light conditions and at 30 °C

35 1

Number of germinated seeds

50

40 -

30

Number of germinated seeds

Days after imbibition

Figure 1 — Germination accumulated frequency of C. jamacaru seed germination at 20 (A), 20-30 °C (alternated) (B), 25 (C) and 30 °C (D) in

white (-o-), darkness (--@--) and red light (--%-).
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in darkness (Table 2B). On the other hand, the highest
value of seedling height was observed for germination at
25 °C in darkness, whereas the lowest height value was
verified for 30 °C in white light, corresponding to only
0.8 cm (Table 2C). This result indicate the light influence
on growth parameters, reinforcing the light dependency
during C.jamacaru initial seedling development. Similar-
ly, Lone et al. (2007) observed the lowest height value at
20 °C on paper substrate for Melocactus bahiensis. In a
study that also involved C. jamacaru, the seedling height
was higher at 25 and 30 °C for seeds germinated in a
roll of paper, whereas the seedling dry mass value was
higher at 30 and 20-30 °C, regardless of the substrate
(Guedes et al., 2009).

Regarding the germination accumulated frequen-
cy (GAF), seeds at 20 °C in white and red light began to
germinate simultaneously at 6 DAI, reaching the maxi-
mum around 12 DAI (Figure 1A). At 20-30 °C, the fastest
germination occurred in white light, also showing the
maximum value for GAF at 4 DAI, whereas the other
conditions were slower (Figure 1B). At 25 °C, seeds in
white and red light reached maximum % G and GAF in
the same period and had the highest number of germi-
nated seeds in these lights, just as at 20 °C. However,
under these conditions, seeds at 25 °C began to germi-
nate at 3 DAI, reaching their maximum at 6 DAI (Figure
1C). In relation to GAF at 30°, a similar behavior to that
at 25 °C was observed in white and red light; however,
seeds subjected to darkness showed smaller values of
germination accumulated frequency than those in the
other lights - the slowest values for all treatments were
observed in darkness (Figure 1D). These results also con-
firm the positive influence of the light presence associ-
ated at 25 °C on C. jamacaru seed germination.

The growth parameters were also affected by the
interaction between light and temperature, mainly in
darkness, when seedlings had the highest height until
they became etiolated. In addition, the GAF data con-
firmed that C. jamacaru seed germination is strongly af-
fected by darkness, reinforcing that the absence of light
is not appropriate for germination and that the number
of germinated seeds is dependent on the light presence,
which was mainly observed at 20-30 °C and 30 °C.
Therefore, considering the highest % G and GSI associ-
ated to the smallest GAT and the fastest germination be-
ginning in white light at 25 or 30 °C, this condition can
be considered as the most appropriate for germination
tests. Additionally, this information on the best condi-
tions for seed germination and early seedling growth,
will facilitate the production of C. jamacaru seedlings
from seeds and promote the use of this cactus, which
has many applications and is an important member of
the Caatinga vegetation in Northeast Brazil.
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