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ABSTRACT 
 
The study was conducted to ascertain the type of dormancy and evaluate various methods for 
breaking the dormancy of Crotalaria verrucosa L. seeds. The seed coat anatomy was also carried 
out to determine the relationship between the seed coat and the nature of dormancy. The seeds 
were subjected to the following treatments: immersed in 50%, 70% and 100% sulphuric acid 
(H2SO4) and hydrochloric acid (HCl) for 2, 5, 10, 15, 20 and 30 minutes respectively, soaked for 24 
hours in 10 mM, 50 mM, 100 mM, 1000 mM sodium nitrate (NaNO3) and soaked in hot distilled 
water (50°C, 70°C and 100°C) for 2, 5, 10, 15 and 2 0 minutes. The treatments were replicated four 
times. Germination increased significantly after treatment with concentrated H2SO4 for 20 minutes 
(87.5%), concentrated HCl for 30 minutes (47.5%), 100°C distilled water for 20 minutes (72.5%) 
and 50 mM NaNO3 (62.5%). All the treatments increased the germination of C. verrucosa seeds 
significantly at P=.05 when compared with the control (12.5%). However, treatment with 
concentrated H2SO4 for 20 minutes was most efficient in promoting germination (87.5%). 
Anatomical analysis of the seed coat revealed several layers of water and gas impermeable 
sclerenchymatous tissues (macroslereids, osteosclereids and cuticule). From the result obtained, 
the type of dormancy exhibited was found to be physical or exogenous in nature. 
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1. INTRODUCTION 
 
Crotalaria verrucosa L., commonly known as 
blue rattlepod or blue rattle snake, is a species of 
flowering plant belonging to the legume family, 
Fabaceae, subfamily Faboideae. The plant          
is found in Asia, Africa and America regions.        
C. verrucosa is a perennial shrub growing to 
about 50 – 100 cm in height. The leaves, 5 – 15 
cm long, are ovate-rhomboid or ovate-deltoid, 
and obtuse. The flowers are bluish-purple and 15 
– 20 cm long. The pods are 2.5 – 3 cm long, 
oblong, inflated, black and hairy [1]. Crotalaria 
verrucosa grows on fallow fields, on marshy 
grounds, along rivers and roads, grassland and 
sparse forests; at elevations up to 1200 m. 
Crotalaria verrucosa is a potential ornamental 
and is sometimes grown as green manure, 
forming a symbiotic relationship with certain soil 
bacteria which form nodules on the root and fix 
nitrogen. The leaf extract is applied to soothe 
skin allergies. Studies suggested that the extract 
possess strong antipyretic, antidiabetic and 
central nervous system depressant activity 
diuretic [1,2]. The leaves of C. verrucosa are 
expectorant [3]. It was reported that thin layer 
chromatography (TLC) profiling of the extracts of 
C. verrucosa showed a wide array of compounds 
like alkaloids, flavonoids, tannins, saponins, 
glycosides, triterpenoids, phenols, steroids, 
coumarins, cardiac glycosides and phytosterols 
[4]. Water and methanolic extracts of                  
C. verrucosa seeds showed maximum inhibition 
effects against human pathogenic bacteria, 
Bacillus subtilis and Pseudomonas aeruginosa 
[5]. The ethanolic leaf extract of C. verrucosa 
inhibited the cascades of inflammation, 
supporting its traditional use as anti-inflammatory 
[2]. The two major methods for propagation of            
C. verrucosa are by in-vitro [6] and by seed. 
 
Seeds are the primary means of dispersal and 
perpetuation of species of flowering plants [7]. 
Seed dormancy is a common condition found in 
many species. It is common among members of 
the Fabaceae family [8,9,10,11,12,13]. It is an 
adaptation that allows a species to determine the 
timing of germination for seeds in a population 
[14,15]. Some species use environmental signals 
to synchronize germination for most seeds at a 
particular time of the year. Other species are 
adapted for asynchronous germination over an 
extended time. This allows periodic germination 
and the establishment of a persistent seed bank. 
Domestication and mass production of crop 

plants has led to the reduction or elimination             
of seed dormancy to fit cropping schedules           
[16]. This is achieved through several seed 
treatment methods depending on the type of 
dormancy.  
 
Dormancy is an innate state of arrested growth 
that occurs across all life forms [17,18]. 
Exogenous dormancy can be eliminated by 
several physical and chemical scarification 
methods. Chemical scarification has been 
demonstrated to be effective on seeds of related 
species such as Crotalaria retusa [19]. Abrus 
precatorius has been found to exhibit a form of 
dormancy known as hard seededness due to its 
leathery testa, leading to water and oxygen 
impermeability; mechanical scarification proved 
most effective in enhancing germination [20]. 
Seed treatment has been demonstrated in 
unrelated species: Leaching in running water for 
12 hours was found to release the dormancy in 
the seeds of Occimum gratissimum [21]. Seeds 
with hard seed coats are not only more resistant 
to environmental factors, but also preserve their 
shape and structure a long time [22]. The seed 
coat is the external protective covering of the 
seed [14].  
 
There is need for the elimination of dormancy in 
C. verrucosa seeds in order to ensure maximum 
yield and uniform stand establishment. Hence, 
the study, therefore, seeks to determine the 
effects of chemical scarification on the 
germination of C. verrucosa seeds and examine 
the seed coat anatomy. 
 
2. MATERIALS AND METHODS  
 
The seeds of C. verrucosa were collected from 
the International Institute of Tropical Agriculture 
(IITA), Ibadan Nigeria and properly identified by 
the Curator of University of Port Harcourt 
Herbarium. The floatation test was done to 
ascertain the intactness of the seeds’ embryo. 
The seeds were pretreated in 50%, 70%, 100% 
sulphuric acid (H2SO4) and hydrochloric acid 
(HCl) for 2, 5, 10, 15, 20 and 30 minutes 
respectively, hot water at 50°C, 70°C and 100°C 
for 2, 5, 10, 15 and 20 minutes, and sodium 
nitrate (NaNO3) at 10 mM, 50 mM, 100 mM and 
1000 mM for 24 hours. Alongside the treatments, 
a control experiment was also setup in which the 
seeds were germinated without any form of 
pretreatment. These were left under the 
temperature interval of 25°C and 35°C. 
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For each treatment, four replicates of 10 seeds 
per replicate were plated in petri dishes lined with 
Whatman filter paper and moistened with 4 ml of 
distilled water. The seeds were observed daily 
and watered as appropriate. Germination counts 
were taken daily and final count was taken after 
14 days. Germination was marked by the 
protrusion of the radicle. The germination 
percentage and germination rate were 
calculated. All experiments were conducted in a 
completely randomized design. The data 
obtained were subjected to statistical analysis 
using Microsoft Excel version 2013. The analysis 
of variance (ANOVA) and least significant 
difference (LSD) were calculated. 
 

Seed coat anatomy of C. verrucosa was 
determined as follows: Dry mature seeds from 
the specimens were fixed in FAA (formalin, 
acetic acid and alcohol) for 12 hours. Thereafter, 
the specimens were dehydrated in series of 
different percentages of ethanol (30% and 50%), 
and stored in 70% ethanol. The specimens were 
hand-sectioned according to the methods 
outlined by [23]. The sections were stained in 1% 
Safranin red for two minutes, counter-stained 
with Alcian blue, mounted on a slide, viewed 

under microscope and micro-photographed using 
Leica WILD MPS 52 microscope camera on Leitz 
Diaplan microscope. This method is as modified 
by Metchalfe and Chalk [24]. 
 
3. RESULTS AND DISCUSSION 
 
3.1 Hydrochloric Acid Treatment 
 
Seeds of C. verrucosa presoaked in 100% HCl 
for 30 minutes increased germination percentage 
significantly when compared to control, 50% and 
70% HCl treatments (Fig. 1). There was no 
significant increase in germination rate after 20 
minutes treatment in 100% HCl. There was no 
significant difference P=.05 in germination               
rate between 5 – 20 minutes treatment in 100% 
HCl (Table 1). Hydrochloric acid at 50% 
concentration was found to induce germination of 
dormant seeds of Parkia biglobosa [25]. Viability 
of Crotalaria seed decreases among the different 
seed coat colours [26]. Germination can be 
affected, from chemicals that get into the seed, 
after seed soaking to soften the hard seed coat, 
from plant growth regulators [27,28,29,30] and 
stress factors  [31,32]. 

 

 
 

Fig. 1. Germination percentage of C. verrucosa seeds after a period of HCl                                      
(0%, 50%, 70% and 100%) treatment 

 
 

0

5

10

15

20

25

30

35

40

45

50

0% 50% 70% 100%

G
er

m
in

at
io

n 
(%

)

HCl treatment

2 mins 5 mins 10 mins 15 mins 20 mins 30 mins



 
 
 
 

Okonwu and Eboh; JALSI, 10(2): 1-8, 2017; Article no.JALSI.31027 
 
 

 
4 
 

3.2 Sulphuric Acid Treatment 
 
Seeds of C. verrucosa presoaked in 100% 
H2SO4 for 20 minutes gave the highest 
germination percentage when compared to other 
treatments (Fig. 2). Germination was found to 
increase significantly after 5 minutes for each 
H2SO4 treatment. Germination rate also differed 
significantly at P=.05 between 10, 20 and 30 
minutes treatments in 100% H2SO4 (Table 1). 
Chemical scarification using sulphuric acid has 
been found effective in elimination of dormancy 
in species such as Senna obtusifolia [13], 
Crotalaria senegalensis [12]. In some species 
that exhibit exogenous forms of dormancy such 
as Cassia fistula, a combination of mechanical 
and chemical scarification (treatment with 
concentrated H2SO4) was most effective in 
enhancing germination [8,10,33,34]. 
 
3.3 Hot Water Treatment 
 
Hot water treatments at 50°C, 70°C and 100°C 
improved germination percentage of C. 
verrucosa significantly when compared to the 
control (Fig. 3). There was significant difference 
at P=.05. However, there was no significant 
increase in germination rate after 2 minutes for 
other treatments (Table 1). Every plant species 

has its own temperature requirement for 
germination [35]. The work of Shaban [36] 
showed that for maximum germination to be 
obtained, temperature has to be constant. The 
optimum temperature for the germination of the 
seeds of most plant species is between 30°C 
and 40°C [37]. Hadas [38] stated that 
germination of seeds will not occur below 
minimum or above maximum temperatures 
respectively. Akobundu et al. reported that 
germination percentage of C. verrucosa 
presoaked in hot water decreases with time 
interval [26]. 
 
3.4 Sodium Nitrate Treatment 
 
Seeds of C. verrucosa soaked in 50 mM NaNO3 
for 24 hours were found to increase germination 
percentage when compared to the other 
treatments (control, 10 mM, 100 mM and 1000 
mM) as shown in Fig. 4. There was significant 
difference in germination rate at P=0.05 between 
50 mM treatment and other treatments. However, 
there was no significantly increase in germination 
among control, 10 mM, 100 mM, 1000 mM 
treatments (Table 2). Saberi et al. reported that 
KNO3 increased the germination percentage of 
dormant Citrullus colocynthis seed by 50% when 
compared to control [39]. 

 

 
 

Fig. 2. Germination percentage of C. verrucosa seeds after a period of H 2SO4                                     
(0%, 50%, 70% and 100%) treatment 
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Fig. 3. Germination percentage of C. verrucosa seeds subjected different water temperature 

(50°C, 70°C and 100°C) treatment 
 

Table 1. The germination rate of Crotalaria verrucosa seeds in different period of scarification 
treatments 

 

Time 
(mins) 

H2SO4 HCl H2O 
50% 70% 100% 50% 70% 100% 50°C 70°C 100°C 

Control (0) 1.25e 1.25d 1.25e 1.25e 1.25e 1.25e 1.25b 1.25b 1.25b 
2 1.50de 2.00cd 4.00d 1.50cde 2.50bcd 2.50cd 7.00 a 6.75a 7.00a 
5 2.25cd 3.25bc 4.50cd 2.25bd 2.50bcd 3.75bc 6.75 a 7.00a 6.75a 
10  2.75c 3.75b 5.50c 2.50bc 3.25ad 3.50bcd 6.50 a 7.00a 6.50a 
15  4.25b 3.75b 7.00b 3.25ab 3.25ac 3.50bc 6.75 a 7.00a 6.75a 
20  4.50ab 4.25b 8.75a 3.25a 3.50ab 3.75ab 7.25 a 6.50a 7.25a 
30  5.25a 7.75a 3.50d 3.75a 3.75a 4.75a    
LSD 0.89 1.71 1.45 1.00 1.02 1.11 1.31 1.14 1.31 

Values with the same superscript alphabet are not significantly different 
 

 
Fig. 4. Germination percentage of C. verrucosa seeds subjected different NaNO 3 concentration 

(0, 10, 50, 100 and 1000) treatment 
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Plate 1. Seed coat anatomy of Crotalaria verrucosa 
A = Cuticle (4 - 6 µm); B = light line (17 – 26 µm); C = Macrosclereids (107 - 116 µm); D = Osterosclereids (86 – 

107 µm) and E = degenerated parenchyma (2 – 3 layers; 9 - 21 µm) 
 

Table 2. The mean germination rate of           
C. verrucosa seeds after NaNO 3 treatment 

 
Concentration (mM)   Mean germination  
Control (0)  1.25a 
10  3.50a 
50  6.25b 
100  2.00a 
1000  2.50a 
LSD  1.95 
Values with the same superscript alphabet are not 

significantly different 
 
3.5 Seed Coat Anatomy 
 
The seed coat anatomy of C. verrucosa revealed 
the presence of water and gas impermeable 
tissues consisting of cuticule, macrosclereids, 
and osteosclereids (Plate 1) which might 
interfere with the processes like water uptake or 
regulate gaseous exchange. Consequently, the 
seed coat may function to regulate germination 
by offering physical resistance to embryo growth. 
Seed coat linked dormancy has been observed 
on some members of the Fabaceae family 
including species such as Senna obtusifolia [13], 
Crotalaria senegalensis [12], Abrus precatorius 
[20]. The seed coat can hinder germination                
by inhibiting water and gas uptake, and            
offering mechanical resistance to embryonic 
development.  
 
4. CONCLUSION 
 
Seed of C. verrucosa pretreatment in hot water, 
sodium nitrate and hydrochloric acid enhanced 

germination percentage when compared to 
control. However, maximum germination was 
achieved with pretreatment in concentrated and 
70% sulphuric acid for 20 and 30 minutes 
respectively (87.5% and 77.5%). The study has 
shown that C. verrucosa exhibits physical or 
exogenous dormancy which is imposed to a 
large extent by the seed coat and germination 
was enhanced by the wear out action of the acid 
on the seed coat. The avoidance of germination 
is ecologically advantageous to the plant 
especially when it grows in harsh climatic 
conditions. However, this is undesirable when 
quick and consistent seed germination is 
required for successful establishment of this 
economically important plant species. The results 
demonstrate that this aim can be achieved             
with chemical scarification of the seeds of             
C. verrucosa using 100% H2SO4 for 20 minutes. 
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