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ABSTRACT: Senna alata is a plant with great medicinal value that belongs to Fabaceae
family and grows as wild perennial shrubby species. Seeds of this species possess seed coat-
induced dormancy. The seeds were subjected to different treatment methods and durations of
exposure to break the dormancy and enhance germination. Treatments includes scarification
with 60, 80 and 100% H>SO4and HCL for 2, 4 and 6 min; exposure to 60, 80 and 100 °C dry
(oven) and wet (hot water) heat for 2, 4 and 6 min; and soaking in water for 12, 24, 36, 48, 60,
72, 84 and 96 h. The experimental results revealed that seeds scarified with 100% H>SO4 for 4
and 6 min were the most effective treatments for enhancing seed germination (both gave
100.00% germination), followed by 100 °C wet heat for 6 min (77.50%) and 80% H.SO4 for 6
min (70.00%). Other treatments were less effective. The treatments that gave significantly
higher germination percentages also produced low MGT (1.80, 1.73, 2.71 and 1.51 days,
respectively) and increased Gl (90.25, 92.67. 63.00 and 65.00, respectively) without having
any significant negative effects on the radicle length of the seedlings. These are desirable for
field establishment and production of uniform plant population of S. alata
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INTRODUCTION

The importance of medicinal plants is no longer limited to the people to whom traditional
medicine serves as the only opportunity for their primary health care, but also to those who use
pharmaceutical products derived from plants (Thirupathi et al., 2012). Natural products derived
from plants are being tested to discover new drugs with new mode of pharmaceutical action
(Ogunjobi and Abiola, 2013). Higher plants are known for their capacity to produce a large
number of secondary metabolites (Castello et al., 2002) that have been implicated for various
therapeutic properties.

Senna alata (L.) Roxb. is one of such plant species with great medicinal value. The plant
belongs to the family Fabaceae and subfamily Caesaipinioideae. It is an erect, perennial
shrubby legume that grows to about 183 cm in height. The plant has dark green and pinnately
compound leaves, each with 16-28 obviate leaflets measuring 5-10 cm and alternating bilateral
pattern. Leaves are usually obviated in shape and are evergreen (Chatterjee et al., 2012).
Flowers are beautiful and in columns looking like yellow candle sticks, hence the common
name candle stick or candle bush (Gbadamosi and Shaibu, 2013). According to Chatterjee et
al. (2012), the flowers are actually hypogynous but appear to be perigynous because of the
hypanthium, a floral structure consisting of bases of sepals, petals and stamens fused together
(a distinguishing characteristic of the family Fabaceae). The flowers later develop into pods of
5-17 cm long containing 50-60 flattened seeds that are triangularly shaped. The pods are
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usually soft and green while young but eventually harden and turn dark brown or nearly black
as they mature.

The fresh leaf extract of S. alata is universally used as a remedy for parasitic skin diseases
(Oliver-Bever, 1986).The plant is also popular for its laxative or purgative and wound healing
properties and for the treatment of abscesses (Ogunti and Elujobi, 1993; Monkheang et al.,
2011). Validation of the medicinal properties of S. alata revealed that the plant has biological
activities such as antibacterial, antifungal, diuretic analgesic and choleretic (Palanichamy and
Nagarajan, 1990; Reezal et al., 2002; Ogunjobi and Abiola, 2013). Unfortunately, the
population of many medicinal plants including S. alata is reducing rapidly on daily basis. This
reduction is largely due to the changing environmental conditions over the past decades and
the excessive harvesting of the wild plants from their natural habitat. To mitigate this
undesirable trend, it is necessary to propagate and domesticate such plants in order to enhance
greater productivity, higher population and availability.

According to Gupta and Bandopadhyay (2013), seeds are excellent dispersal unit and means of
propagating higher plants which have emerged in the course of plant evolution. However, seeds
of S. alata are difficult to germinate due to dormancy. A viable seed (or other germination unit)
is said to be dormant when it does not have capacity to germinate in a specified period of time
under normal physical environmental factors that otherwise is favourable to its germination
(Aghilan et al., 2014). Baskin and Baskin (2001) had reported the different types of seed
dormancy. The seed dormancy exhibited by S. alata is not strange because, Zare et al. (2011)
reported specifically that the seeds of many medicinal plant species have dormancy issues.
According to these authors, the seeds germinate within the native environment but fail to show
good germination under laboratory conditions or under cultivation. Bryant (1996), also stated
that seeds of most cultivated plant species lose their dormancy before or shortly after being
separated from the parent plant, whereas seeds of most wild shrubs have long period of seed
dormancy.

In order to domesticate and cultivate any plant species, information is needed on the seed
germination and how to overcome the problem of dormancy of such plant species. The
Association of Official Seed Analysts (AOSA) and the International Seed Testing Association
(ISTA) have reported different ways for breaking seed dormancy and stimulating germination
(Aghilian et al., 2014). The objective of this work therefore, was to find method(s) to break
seed dormancy in S. alata for achieving rapid, uniform and higher germination which will lead
to higher plant stand establishment.

MATERIALS AND METHODS
Seed collection

Mature pods of S. alata were collected from the parent plant in January, 2015 from its natural
habitat in Ado-Ekiti (7° 29N, 5° 13'E). Seeds were removed manually from the mature and
dry pods and the good ones selected were kept in paper envelopes for the germination study.
The weight of 1000 seeds was 33 ¢
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Seed Sterilization

All the Senna alata seeds (2,800) collected for these experiments were surface-sterilized by
soaking in 70% alcohol for 1 min and were immediately soaked in 2.5% Sodium hypochlorite
(NaOCl) for 3 min according to the method of Ashtari et al. (2013). The seeds were thoroughly
rinsed in several rounds of distilled water before applying the various dormancy-breaking
treatments

Dormancy-breaking Treatments

Before germination experiments, the seeds were subjected to the following pre-sowing
treatments;

Scarification with Acids (H2SOs and HCL)

Seeds (50) were soaked separately in different concentrations (60, 80 and 100%) of both
Tetraoxosulphate (vi) acid (H2SO4) and Hydrochloric acid (HCL) for 2, 4 and 6 min each. The
seeds were carefully removed from the Petri dishes according to the time required for soaking.
They were then placed immediately under a cool running water to terminate the chemical
reactions and to remove every trace of acid from the seeds. Untreated seeds were used as
control.

Exposing the seeds to Wet heat (Hot water) and Dry heat (Oven)

Fifty seeds each of S. alata were separately soaked in 60, 80 and 100 °C of distilled water for
2, 4 and 6 min. The same numbers of seeds were placed in sterilized non-disposable (Pyrex)
Peti dishes and kept in the oven at 60, 80 and 100 °C for 2, 4 and 6 min each before they were
removed. Untreated seeds were used as control.

Soaking in water

Fifty seeds each of S. alata were separately soaked in distilled water in beakers for 12, 24, 36,
48, 60, 72, 84 and 96 h. Untreated seeds were used as control.

Germination assay

Ten (10) Seeds from each of the seed lots in the treatments described above were placed in 9
cm sterilized Petri dishes lined with double-layered Whatman No.1 filter papers. The papers
were moistened with 6 mL distilled water and covered-up with their respective covers
(Arowosegbe and Afolayan, 2013).

The experiments were set up in a Randomized Complete Block Design with four replicates
each. Untreated seeds were used as control. All the Petri dishes were placed on the germination
table in the laboratory at room temperature (35+ 2 °C). Seed germination was counted and
recorded daily until no further germination occurred. A seed was considered to have
germinated when the tip of the radicle had grown free from the seed coat to 2 mm. Radicle
length (cm) were taken 7 days after germination.

Major Calculations.

The germination percentage (%) was determined using the relation;
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Germination % = % X 100

Where G = Total number of seeds that germinated.

N = Total number of seeds in the Petri dish.

The mean germination time (MGT) was determined as described by Orchard (1977) as follows;

Xf.x
zf

Where f = Number of seeds that germinated on day x

MGT =

The germination index (GI) was calculated according to the Benech Arnold et al. (1991)
equation;

GI = (10Xnl) + (9Xn2) + (8Xn3)........+ (1 X nl0)

Where; n1,n2,n3...... n10 = Number of germinated seeds on first, second, third and
subsequent days until 101" day; 10, 9.....and 1 are weights given to the number of germinated
seeds on the first, second and subsequent days, respectively.

Statistical Analysis

The data were analysed using one-way Analysis of Variance (ANOVA) and the means were
separated at P < 0.05 using Duncan’s Multiple Range Test (DMRT). All statistical analyses
were done using SAS software, 1999 version.

RESULTS

Table 1: .Effect of seed scarification with acids (H2SO4and HCL) on breaking
dormancy and germination enhancement in seeds of S. alata

Dormancy breaking Germination MGT Gl Radicle
treatments (%) (days) length (cm)
Control 17.50% 5.012bcd 8.50°0  7.44bcd
H2S04 (60%) for 2 min 10.00 2.50% 8.50%"  7.020f
H2S04 (60%) for 4 min 20.00¢f 3.67°de  1550¢f  7.87bcde
H,S04 (60%) for 6 min 17.50¢f 2.83% 14.50°"  8.62%¢
H2SO04 (80%) for 2 min 20.00¢f 2.50% 17.00° 7.86°
H2S04 (80%) for 4 min 42.509 2.10% 37.75¢ 8.08bcde
H2SO4 (80%) for 6 min 70.00P 1.51° 65.00° 7.870cde
H2S04 (100%) for 2 min 57.50° 2.44% 51.00° 7.95bcde
H2S04 (100%) for 4 min 100.002 1.80° 90.252 7.10°0ef
H2S04 (100%) for 6 min 100.00? 1.73¢ 92.672 7.660c%
HCL (60%) for 2 min 15.00° 5,632 8.50°"  9.02%
HCL (60%) for 4 min 20.00° 8.38% 4,754  9.85
HCL (60%) for 6 min 15.00° 5.5 8.25¢"  8.60%d
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HCL (80%) for 2 min
HCL (80%) for 4 min
HCL (80%) for 6 min
HCL (100%) for 2 min
HCL (100%) for 4 min
HCL (100%) for 6 min

25.00¢
10.00
15.00°¢f
15.00¢f
15.00°¢f
10.00

6.4280c
5.00%
3.13¢de
375"
414"
7.00%

12.00¢f
6.00°f
12.00¢f
11.75¢f
10.50¢f
4.00

6.98%
8.36abcde
8.88%
8.96%
6.79"
5.86"

Values with the same letter(s) within the column are not significantly difference at P<0.05 by
Duncan’s Multiple Range Test (DMRT).

Table 2: Effect of dry heat (oven) and wet heat (hot water) on breaking dormancy and
germination enhancement in seeds of S. alata

Dormancy breaking treatments Germination MGT Gl Radicle length
(%) (days) (cm)
Control 15.00¢ 5.10% 8.50¢ 7.4Qbcde
Dry heat (60 °C) for 2 min 15.004 7.13® 6.50¢ 6.271¢fn
Dry heat (60 °C) for 4 min 12.50¢ 7.632 5.00¢ 5.679"
Dry heat (60 °C) for 6 min 17.50¢ 7.13% 5.00¢ 5.90fdn
Dry heat (80 °C) for 2 min 15.504 5.92% 12.25¢ 8.01bcd
Dry heat (80 °C) for 4 min 12.50¢ 7.63% 5.00¢ 7.500cde
Dry heat (80 °C) for 6 min 15.00¢ 7.92% 6.25¢ 6.85d%fn
Dry heat (100 °C) for 2 min 10.004 6.75%® 4.25¢ 5.52n
Dry heat (100 °C) for 4 min 10.00¢ 7.75 3.25¢ 5.08'
Dry heat (100 °C) for 6 min 10.00¢ 6.75% 4,251 473
Wet heat (60 °C) for 2 min 12.50¢ 5.30% 9.25¢ 8.47%¢
Wet heat (60 °C) for 4 min 12.50¢ 7.00% 5.25¢ 5.699N
Wet heat (60 °C) for 6 min 20.00¢ 3.87% 11.75¢ 7.470cce
Wet heat (80 °C) for 2 min 15.00¢ 4.88%c 9.75¢ 9.65%
Wet heat (80 °C) for 4 min 17.50¢ 5.543bc 10.75¢ 7.13¢defy
Wet heat (80 °C) for 6 min 47.50° 4.20%c 33.00% 7.3 2bcdef
Wet heat (100 °C) for 2 min 45.00c 4.15%¢ 30.75° 7.90°c
Wet heat (100 °C) for 4 min 60.00b 3.77 44.25P 8.75%®
Wet heat (100 °C) for 6 min 77.50a 2.71° 63.002 7.53bcde

Values with the same letter(s) within the column are not significantly difference at P<0.05 by
Duncan’s Multiple Range Test (DMRT).

Table 3: Effect of soaking in water on breaking dormancy and germination
enhancement in seeds of S. alata

Dormancy breaking treatments Germination MGT Gl Radicle
(%) (days) length (cm)

Control 15.00? 5.10°¢ 8.50% 7.44bc
Soaking for 12 h 12.50? 9.252 2.502 7.68b%
Soaking for 24 h 12.502 5.38% 7.00? 9.10%
Soaking for 36 h 12.50? 7.88%® 4,00 6.57¢
Soaking for 48 h 12.502 7.63%® 4,752 7.49%
Soaking for 60 h 17.502 4.17° 10.252 8.41%¢
Soaking for 72 h 12.502 7.50% 5.002 7.20
Soaking for 84 h 12.502 7.88% 4.25° 9.322
Soaking for 96 h 10.00? 7.50% 3.502 6.70°
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Values with the same letter(s) within the column are not significantly difference at P<0.05 by
Duncan’s Multiple Range Test (DMRT).

Effects of scarification with acids (H2SOsand HCL)

Effects of acids (H2SO4 and HCL) on seed germination percentage, Mean germination time
(MGT), germination index (Gl) and seedlings’ radicle length of S. alata differed significantly
(P< 0.05) among the various treatments (Tablel). From the results obtained, Seeds scarified
with HCL at different concentrations and duration produced low germination percentages that
were not significantly different from the control. However, Seeds treated with concentrated
(100%) H.SO4 for 4 and 6 min significantly enhanced best germination percentage (100%).
This was followed by 80% H2SO4 for 6 min, 100% H>SO4 for 4 min and 80% H2SO4 for 4 min
with germination of 70.00, 57.50 and 42.50%, respectively. A closer look at the results of this
study (Table 1) also revealed that minimum MGT (1.51, 1.73 and 1.80 days) was detected in
S. alata seeds treated with 80, 100 and 100% H.SO4 for 6, 4 and 6 min, respectively. All were
statistically the same but significantly different from the control (5.01 days). Moreover,
maximum Gl (92.67, 90.25 and 65.00) was observed in seed lots treated with 100, 100 and
80% H,SO4 for 6, 4 and 6 min, respectively. These were significantly (P < 0.05) higher than
the control (8.50). The GI value for seeds treated with 100% H>SO4 for 2 min was also
significantly higher (51.00) than the control. Interestingly, soaking S. alata seeds in H2SO4
seemed not to have any significant effect on the radicle length of the seedlings, while longer
radicle length (9.85 cm) was recorded in seed lot treated with 60% HCL for 4 min (but with
low germination percentage), However, significantly lower radicle length was found in seeds
treated with 100% HCL for 6 and 4 min (5.86 and 6.79 cm, respectively) when compared with
the control.

Effects of dry heat (ovum) and wet heat (hot water)

Table 2 shows the effect of dry heat (oven) and wet heat (hot water) treatments on breaking the
dormancy and germination of S. alata seeds. From these results, exposing the seeds to dry heat
irrespective of temperature or duration of exposure had no significant effect on the germination
percentage. However, soaking the seeds in 100 °C wet heat for 6 min produced 75.50 %
germination which was significantly higher than the untreated seeds (15.00%). This was
followed by seeds treated with 100 °C wet heat for 4 and 2 min; and 80% wet heat for 6 min
with germination of 60.00, 45.00 and 47.00%, respectively. Moreover, a desirable minimum
MGT (2.71 days) was observed in seed lot subjected to 100 °C wet heat for 6 min which was
significantly different from the control (5.10 days). Meanwhile, higher GI was also obtained
for S. alata seeds treated with 100 °C wet heat for 6, 4 and 2 min, and seeds treated with 80 °C
wet heat for 6 min (63.00, 44.25, 30.75 and 33.00, respectively). The longest radicle length
(9.65 cm) was recorded in seedlings of seeds soaked in 80 °C hot water for 2 min (but with
very low germination percentage), while shorter radicle length were recorded in seedlings of
seed lots exposed to dry heat at 100 °C for 2, 4 and 6 min. The values raged from 4.73 to 5.52
cm. However, soaking S. alata seeds in 100 °C wet heat irrespective of the duration had no
significant effect on the radicle length of the seedlings when compared with the control. This
was also the same for seeds soaked in 80 °C wet heat for 6 min with no significant effect on
the radicle length.
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Effects of soaking in water

Seed germination of S. alata was not significantly affected by soaking in water irrespective of
the duration of soaking (Table 3). This also reflected in the GI, where no significant effect was
recorded when compared with the control. Moreover, soaking seeds in water seemed not to
have any effect on the MGT except in seeds soaked for 12 h (9.25). Longer radicle length (9.32
cm) was observed in seedlings of seeds soaked in water for 84 h when compared with the
control.

DISCUSSION

Seeds of members of Fabaceae family are known to exhibit dormancy due to hard seed coats
that are impermeable to water and oxygen (Ali et al., 2011; Pallavi et al., 2014). According to
Baskin and Baskin (2001), seed coats can also impose dormancy because they may contain
growth inhibitors or may prevent the leaching of inhibitors from the embryo. It is interesting
to note that the results of different treatments in this present study confirm that S. alata seeds
truly exhibit dormancy due to hard seed coat. Generally, the germination percentage obtained
in the untreated seeds was found to be very low. This further corroborates the report of Rao et
al. (2006) that unlike cultivated species, seeds of wild plant species are generally dormant.

As observed in these present studies, breaking the seed dormancy of S. alata by scarification
with H2SOq4 resulted in a significant (P < 0.05) increase in the germination percentage (42.50
to 100.00 %) when compared with the control. The increase was found to be dependent on the
concentration of the acid and the duration of treatment. The highest germination percentage
was found in the seed lots soaked in 100% H>SO4 for 4 and 6 min, where 100% germination
were both recorded. However, soaking the seeds longer than 6 minutes might lead to a decline
in the germination percentage. Previous work on Parkia biglobosa (Aliero, 2004),
Enterolobium contortisiliquum (Malavasi and Malavasi, 2004), Rhynchosia capitata (Ali et al.,
2011) also showed that soaking of seeds of these plants in H.SO4 can break dormancy and
increase germination percentage. The mechanism involved in the possible seed germination
influenced by H2SO4 could be due to the capacity of the acid to break the seed coat (Ali et al.,
2011) by softening it thereby allowing water imbibition and oxygen penetration into the seed.
According to Nadjafi et al. (2006), scarification of seed coat with acids such as H2SO usually
leads to elimination of exogenous dormancy. However, the case was not the same for
Scarification with HCL in this study, where soaking of S. alata seeds in HCL irrespective of
its concentration or duration of treatment resulted in very low germination percentages (<
20.00%).

Soaking S. alata seeds in wet heat for 6 min also brought about significant increase in the
germination percentage (45.00 to77.50%), with soaking in 100 °C for 6 min having the higher
germination percentage (77.50%). Whereas, seeds exposure to dry heat irrespective of
temperature and duration of exposure did not improve the seed germination.This implied that
it was not the high temperature of the wet heat (hot water) that brought about the breaking of
dormancy in S. alata seeds, but the softening of the seed coat by the hot water. Although
dormancy in Azadiracta indica (Owonubi et al., 2005) and Adansonia digitata (Ibrahim and
Otegbeye, 2004) seeds were successfully broken by soaking in water, no appreciable
improvement was recorded in S. alata seeds soaked in ordinary water irrespective of the time
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of soaking. This is in similar to the findings of Zare et al. (2011) who reported that soaking in
water was not effective in breaking the seed dormancy of Ferula assa foetida.

According to Timson (1965), the final germination percentage of seeds alone is not enough for
reporting results of any germination assay since it does not indicate the rapidity of germination
but only its final extent. It is therefore necessary to use the final germination percentage with
the mean germination time (MGT) and the germination index (Gl) to reflect the percentage and
speed of germination separately and in combination. The significant decrease in MGT and the
corresponding increase in the Gl recorded in S. alata seeds scarified with 80% H>SO4 for 6
min and 100% H,SOs for 4 and 6 min, and soaking in wet heat (100 °C) for 6 min are good
indications that H2SO4 at higher concentrations and wet heat (100 °C) for 6 min did not only
induce higher germination percentages, but also increase the speed of germination. The
implication of this is that these treatments were capable of breaking the hard seed coat of S.
alata seed and also induce uniform germination within a short time. It is also interesting to note
that all the treatments that gave significantly higher germination percentage, desirable low
MGT and increased GI did not have any negative effects on the radicle length of the seedling
as observed in these studies.

CONCLUSION

The results of these studies have demonstrated that seeds of S. alata like some other wild
medicinal plants, exhibits dormancy imposed by hard seed coat. Softening the seed coat by
scarifying with concentrated H2SO4 and soaking in wet heat (hot water) significantly increased
seed germination percentage, reduced the MGT and increased the GI without having any
effects on the radicle length of the seedling. All these are desirable for the field establishment
and production of uniform plant population.
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