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ABSTRACT

Seed viability of domesticated and cultivated Capsicum species: Capsicum annuum L., Capsicum 
baccatum L., Capsicum chinense Jacq., Capsicum frutescens L., and Capsicum pubescens Ruiz & Pav. 
was tested by the tetrazolium method. The seeds were soaked in three tetrazolium salt solutions 
of 1, 0.5 and 0.2%, and temperature conditions of 30 - 35 °C for 3 h. The percentage of seeds stained 
in relation to the total number of seeds was evaluated. To estimate germination, the seeds were 
subjected to chemical treatments with gibberellic acid (GA3) at doses of 0, 100, 200, 300, and 400 
mg L-1 at room temperature for 24 h. The germination rate was estimated, while plant height was 
evaluated at 10, 20 and, 30 days after sowing (DAS). Capsicum seed viability fluctuated between 
52.44% and 97.11%. The highest percentage of viability was obtained with the 1% dose of tetrazolium 
(81.63%), while the 0.2% dose resulted in the lowest average value (63.7%). In addition, C. annuum, 
C. baccatum and C. chinense showed high staining patterns, while most of the observed patterns in 
C. frutescens corresponded to non-viable seeds. After GA3 application, average seed germination was 
100% in C. chinense; 75.6% in C. baccatum; 73.32% in C. annuum; and 61.5% in C. frutescens. However, 
the application of GA3 did not have an additional effect on the germination of Capsicum seeds. The 
highest plant height at 30 DAS was observed in accessions of C. annuum (9.08 cm), while C. chinense 
presented the lowest value (4.49 cm).

 
Keywords: Germplasm bank, gibberellic acid, Capsicum annuum, C. baccatum, C. chinense, C. 

frutescens.

INTRODUCTION

Species of the genus Capsicum L. (Solanaceae) 
commonly known as peppers or chilies (Liu et 
al., 2017), are native to tropical America (Carrizo  
-García et al., 2016), being widely consumed 
worldwide (Ramchiary and Cole, 2019). The 
genus consists of 42 species (Bánki et al., 2022), 
five	of	which	have	been	classified	as	domesticated	
and cultivated (Capsicum annuum L., Capsicum 
baccatum L., Capsicum chinense Jacq., Capsicum 
frutescens L., and Capsicum pubescens Ruiz & Pav), 
which are used both in food and in the industry 
(Tripodi and Kumar, 2019).

Seed vigor is a complex trait that encompasses 
aging tolerance, seed dormancy, viability, 
rapid germination, and seedling establishment, 
especially in suboptimal conditions (Bewley and 
Black, 2013). The quality of seeds of the cultivated 
species of Capsicum is an important factor in its 
commercial value, and thus there is a need to 
produce seeds with greater germination capacity 
and slow deterioration in storage (Siri et al., 
2013). In addition, rapid seed germination and 
seedling emergence is essential for a successful 
establishment of Capsicum	species	(Ozbay,	2018).

Germination is a physiological process that 
begins with the absorption of water by the seed 
(imbibition) and culminates with the emergence 
of the embryo from its surrounding covers. 
However,	 in	many	 occasions,	 the	 seeds	 are	 not	
able to germinate after maturation and dispersal, 
either because they are dormant or because the 
environmental conditions are not favourable 
(Bewley and Black, 2013). Additionally, seeds 
that undergo prolonged aging eventually lose 

their viability (ability to germinate) completely, 
which largely depends on environmental 
storage conditions, seed genetics, and maternal 
environment (Bewley and Black, 2013).

In some Capsicum species, germination 
percentage is associated with domestication 
(Pickersgill, 2016), which has been a barrier to 
their cultivation. For instance, wild populations 
of Capsicum annuum var. glabriusculum have 
a germination rate of 2-50%, while that of 
cultivated populations is 70% (González-Jara et 
al.,	2011;	Sandoval-Rangel	et	al.,	2018).

Seed viability indicator tests include physical 
and physiological variables of the seeds 
(Milošević	 et	 al.,	 2010).	 The	 tetrazolium	 test	
indirectly determines the respiratory activity 
in the cells in seed tissues (França-Neto and 
Krzyzanowski, 2019), and it has been used 
in several plant species (Belniaki et al., 2020; 
Salazar-Mercado et al., 2020). The advantage 
of this technique is the accuracy and speed in 
estimating the vigor and viability of seeds in a 
short time (Alves et al., 2006; Dias and Alves, 
2008).	For	C. annuum, it has been described that 
tetrazolium can estimate growth based on color 
intensity (Kusumawardana and Pujiasmanto, 
2018),	 and	 thus	 the	method	could	be	useful	 for	
other species and varieties of the genus Capsicum.

Viable seeds are necessary for germination, 
but germination is also controlled by endogenous 
factors of the seed (phytohormones) and external 
factors such as light, humidity, and temperature 
(Ravindran and Kumar, 2019). Chemical, 
physical, and biological pre-germination 
treatments can be used to provide the right 
conditions and accelerate seed germination 



403Corozo-Quiñónez et al. Viability and germination of Capsicum cultivated species

(Srivastava et al., 2021). Gibberellic acid (GA3) 
has	been	 identified	as	a	 critical	hormone	 in	 the	
regulation of seed germination by counteracting 
the inhibition imposed by abscisic acid (ABA). 
Consequently, the increase in GA3 concentration 
after imbibition is essential for the rupture of the 
testa and the endosperm, and the subsequent 
emergence of the radicle (Ravindran and 
Kumar, 2019). In this sense, Tripathi et al. (2022) 
have mentioned that these growth regulators 
also control other important aspects in plant 
development.

In the case of Capsicum annuum var. 
glabriusculum, it was determined that there 
are no morphological or physical barriers that 
prevent imbibition and proper germination of 
the seeds, being explained by a phenomenon 
of physiological latency that could be broken 
with germinative pre-treatments such as the 
exogenous application of GA3 (Cano-Vázquez et 
al., 2015).

The research objectives were: to evaluate the 
viability	 of	 the	 seeds	 of	 five	 Capsicum species 
stored for more than three years, and to determine 
the	effect	of	gibberellic	acid	on	the	germination	
capacity and growth of Capsicum seedlings.

MATERIAL AND METHODS

Seeds 
Five Ecuadorian seed accessions from the 

genebank of the National Institute of Agricultural 
Research - INIAP were evaluated for each 
cultivated species: C. chinense, C. baccatum and 
C. frutescens (Table 1). These accessions were 
collected in the 4 natural regions of Ecuador 
(Coast, Andes, Amazonia, and Galapagos). Only 
in the case of C. annuum, three accessions were 
evaluated, two from collections made in home 
gardens of Santo Domingo parish, province of 
Esmeraldas (Coastal region).

Seed viability test
To determine the viability of Capsicum 

spp. seeds, the tetrazolium (2, 3, 5 Triphenyl 
tetrazolium chloride) staining test was performed 
(ISTA, 2022). A completely randomized design 
(CRD) with a factorial arrangement of 20 
(accessions) x 3 (tetrazolium dose: 1%, 0.5%, and 
0.2%), with four repetitions, was used.

For each dose of tetrazolium, 500 seeds per 
species	 (100	 seeds/accession)	 were	 placed	 in	
distilled water for 24 h for hydration, to initiate 

Table 1. Capsicum spp. accessions obtained from the INIAP’s GenBank evaluated in this study.

                                                                                            Altitude 
             Species     Code                  Province               (masl)         Latitude Longitude
  1 C. annuum	 ECU-2254a	 El	Oro	 410	 03.46S	 80.01W
  2 C. annuum	 ECU-2254b	 El	Oro	 410	 03.46S	 80.01W
  3 C. annuum	 ECU-2255	 Loja	 1700	 04.13S	 79.26W
  4 C. annuum	 LCQ-A*	 Esmeraldas			 100	 01.10S	 80.17W
  5 C. annuum	 LCQ-A3*	 Esmeraldas		 100	 01.10S	 80.17W
  6 C. baccatum	 ECU-2231	 Cotopaxi	 2600	 00.55S	 79.36W
  7 C. baccatum	 ECU-12840	 Loja	 1710	 04.03.711	S	 79.39.283	W
		8	 C. baccatum	 ECU-12846	 Loja	 1640	 04.03.287	S	 79.38.502	W
  9 C. baccatum	 ECU-12859	 Loja	 1650	 04.21.984	S	 79.10.600	W
10 C. baccatum	 ECU-12978	 Morona	S.	 1625	 02.39.448	S	 78.12.471	W
11 C. chinense	 ECU-2239b	 Manabí	 100	 01.10S	 80.17W
12 C. chinense	 ECU-2241	 Manabí	 90	 01.10S	 80.45W
13 C. chinense	 ECU-2256	 Galápagos	 5	 00.58S	 91.00W
14 C. chinense	 ECU-11996	 Morona	S.	 1040	 2.21.065	S	 78.09.314W
15 C. chinense	 ECU-12979	 Morona	S.	 700	 02.34.829	S	 78.10.636	W
16 C. frutescens	 ECU-2246	 El	Oro	 420	 03.46S	 80.01W
17 C. frutescens	 ECU-2251	 El	Oro	 410	 03.46S	 80.01W
18	 C. frutescens	 ECU-2259	 Loja	 1200	 04.24S	 79.28W
19 C. frutescens	 ECU-12968	 Morona	S.	 850	 03.31.038	S	 78.32.703	W
20 C. frutescens	 ECU-12970	 Morona	S.	 1125	 03.22.076	S	 78.33.540	W

Accessions from INIAP´s Ecuadorian genebank. *New collected accessions, from Santo Domingo parish, province 
of Esmeraldas.
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the activity of the dehydrogenase enzymes and 
soften the seeds. Subsequently, longitudinal 
cuts were made with a scalpel to expose the 
cotyledons. They were then placed in a 13 × 100 
mm test tube, and the solution of 2, 3, 5 Triphenyl 
tetrazolium chloride (TZ) was added until the 
seeds were covered. Subsequently, the test tubes 
were wrapped in aluminum foil to avoid direct 
light and placed in an oven at 30-35 °C for 3 h. 
The stained seeds were evaluated using the scale 
proposed	 by	 Sandoval-Rangel	 et	 al.	 (2018)	 and	
observed in a stereoscope (Carl Zeiss brand, 
STEMI 305 model). The percentage of stained 
seeds was calculated using the following formula: 
[(Number	of	seeds	stained	red)	/	(Total	number	of	
seeds)] x 100.
Seed	 viability	 was	 classified	 according	 to	

the	 staining	 pattern	 of	 Kusumawardana	 and	
Pujiasmanto	 (2018)	 with	 modifications,	 which	
considers that seeds are viable when the embryos 
and cotyledons show a bright red color, whereas 
seeds are non-viable when the embryos and 
cotyledons show a white color.

Seed germination and plantlet growth
To evaluate Capsicum spp. germination rate, the 

methodology proposed by De la Rosa et al. (2012) 
was followed. A completely randomized design 
(CRD) was used with a factorial arrangement of 
20 (accessions) x 5 (GA3 dose: 0, 100, 200, 300 and 
400 mg L-1), with four repetitions. For each dose, 
10 seeds of each accession were used. The seeds 
were washed with sterile distilled water and dried 
at room temperature. Subsequently, they were 
placed	in	Petri	dishes	and	submerged	in	different	
treatments with GA3, at room temperature for 
24 h. Before sowing, the seeds of each accession 
and treatment were dried and planted in trays of 
50 alveoli (dimensions: 55 cm long, 29 cm wide, 
and 7.5 cm high), containing peat as substrate. To 
evaluate the germination percentage of the seeds, 
the emergence of the hypocotyl was considered 
at 16 days after sowing (DAS), and the following 
formula was applied:

GER=SG/TSE	x	100,	
where: GER: germination percentage, 
SG: seeds germinated and,
TSE: total seeds evaluated. 

The	plant	height	(PH)	was	measured	at	10,	20	and	
30 DAS.

Before performing the analysis of variance 
(ANOVA) in each variable, the normality of 
residuals	 (Shapiro-Wilk	 test)	 and	 homogeneity	
of	 variances	 (Bartlett’s	 test)	 were	 verified.		
When	 there	 was	 statistical	 significance,	 mean	
comparisons	 were	 performed	 using	 the	 Scott-

Knott	 test	 (P	 <	 0.05).	 	 In	 some	 cases,	where	 the	
variables did not meet the assumptions of the 
ANOVA, a nonparametric analysis by aligned 
ranks transformation ANOVA (ART ANOVA) 
was performed, followed by the Sidak test for the 
comparison of means. The principal component 
analysis (PCA) was used. The association among 
all quantitative variables was performed using 
Spearman’s	rank	correlation	(P	<	0.05).	Data	were	
analyzed using the free R Development Core 
Team (2022) Version 4.2.2.

RESULTS AND DISCUSSION

Significant	 differences	 (P<	 0.05)	 were	 found	
in accessions, doses, and interaction (Accesions 
x Doses) in the species C. baccatum, C. chinense 
and C. frutescens, while C. annuum recorded 
differences	 only	 in	 the	 interaction.	 Regarding	
species, C,annuum recorded 74,67% of viability; 
for accession, LCQ-A recorded the highest 
percentage	 (88.13	 %),	 while	 ECU-2255	 accesion	
had the lowest value (54.63). In C. baccatum, 
viability reached an average value of 74.33%, 
fluctuating	 between	 97	 and	 40%;	 the	 highest	
value	 was	 recorded	 in	 ECU-12846	 and	 the	
lowest in ECU-2231. In C. chinense, four of the 
five	accessions	had	viability	percentages	greater	
than 90% (ECU-2241, ECU-11996, ECU-2256 and 
ECU-2239b). On average, this species presented 
the	 highest	 significant	 value	 (92.91%),	 while	C. 
frutescens presented the lowest value (52.45%) 
(Table 2).

Capsicum	 species	 responded	 differently	
indicating that viability might be related to 
seed storage time (more than three years in all 
accessions). Furthermore, it has been described 
that	the	intrinsic	genetic	characteristics	influence	
the viability capacity over time (Salazar-Mercado 
et al., 2020). About doses of tetrazolium, the 
1% dose presented the highest percentages 
of viability in all species, while the 0.2% dose 
presented the lowest percentages. This shows 
that the use of high concentrations of tetrazolium 
is preferable in the Capsicum genus as it occurs 
in other species (Mercado and Jaimes, 2022). 
Tetrazolium salts generates water-soluble 
sulfonated formazans, which are rapidly 
absorbed by cells and their concentration is 
directly proportional to the number of living cells 
in	the	seed	embryo	(Stockert	et	al.,	2018).	Lower	
concentrations of tetrazolium (e.g., 0.2%), did not 
generate enough sulfonated formazans required 
to evaluate viability in Capsicum seeds. Salazar-
Mercado et al. (2020), exposed C. annuum seeds to 
two concentrations of tetrazolium (1% and 0.5%) 
and	exposure	 times	 (24	 and	48	h)	 and	obtained	
statistically	 significant	 differences	 (P<	 0.05)	 at	 a	
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exposure	time	of	48	h,	reporting	viability	of	99%;	
whereas the rest of the treatments (1%, 24 h and 
0.5%,	 24	 h),	 showed	 no	 statistical	 differences	
between	them,	with	viability	percentages	of	89%	
and 91%, respectively. 

The tetrazolium test is a widely used method 
to assess seed viability and vigor. It is based on 
the reduction of a colorless salt (2,3,5-triphenyl 
tetrazolium chloride, TTC) to a red compound 
(formazan) by the dehydrogenase enzymes 
present in living tissues (Lakon, 1949; Moore, 
1973).	The	 test	 can	 reveal	different	patterns	and	
intensities of staining in seed embryos, which 
can be related to their physiological status and 
potential germination performance (Copeland 
and McDonald, 2001). In this study, we observed 
diverse	 tetrazolium	 staining	 patterns	 across	
Capsicum accessions (Fig. 1), with C. frutescens 
showing predominantly non-viable seeds, as 
indicated by the absence or weak presence of 
formazan. 
This	suggests	a	possible	effect	of	the	tetrazolium	

test on the germination dynamics of this species, 
which deserves further investigation. On the 
other hand, the high staining levels in C. annuum, 

C. baccatum, and C. chinense indicate strong seed 
viability,	in	contrast	to	the	difficulties	observed	in	
C. frutescens. The prevalence of non-viable seeds 
in C. frutescens	may	reflect	underlying	problems	
affecting	 germination	 success,	 possibly	 related	
to seed quality or physiological factors. For 
instance, some studies have reported that seed 
coat impermeability, dormancy, and low vigor 
are common causes of low germination rates in 
Capsicum seeds (Rami and Patel, 2014). Therefore, 
it is essential to understand the relationship 
between tetrazolium staining and germination 
performance in C. frutescens in order to develop 
specific	 strategies	 to	 enhance	 seed	 viability	 and	
increase overall germination rates. Knowledge 
about such relationship contributes to the broader 
discussion regarding the optimization of seed 
management	 practices	 for	 better	 conservation	
and utilization of Capsicum genetic resources.

The following staining colorations were 
observed: carmine red or intense pink (viable), 
white or yellowish white (not viable), and pale 
yellowish pink (not viable). This last coloration 
was considered non-viable, bearing in mind 
a history of other species such as Araucaria 

 
                                                                                 Tetrazolium dose
Accessions    Species         1%       0.5%       0.2%
ECU-11996 C. chinense	 98.0	±	1.2	aA	 95.3	±	0.9	bA	 84.0	±	2.1	bB
ECU-12840	 C. baccatum	 65.0	±	2.9	dA	 56.3	±	0.9	eA	 46.7	±	3.3	eB
ECU-12846	 C. baccatum	 96.0	±	3.3	aA	 94.3	±	1.2	bA	 84.0	±	2.1	bB
ECU-2231 C. baccatum	 64.0	±	2.1	dA	 59.3	±	0.9	eA	 40.0	±	5.8eB
ECU-12859	 C. baccatum	 97.0	±	0.6	aA	 95.0	±	0.6	bA	 75.0	±	1.7	cB
ECU-12968	 C. frutescens	 51.3	±	0.9	eA	 42.7	±	0.9	fA	 27.7	±	1.8	fB
ECU-12970 C. frutescens	 85.7	±	3.0	cA	 86.7	±	0.9cA	 74.3	±	2.3	cB
ECU-12978	 C. baccatum	 84.7	±	2.9	cA	 92.7	±	0.9	bB	 65.0	±	2.9	dC
ECU-12979 C. chinense	 94.0	±	2.1	aB	 94.0	±	0.6	bA	 78.3	±	5.6	cB
ECU-2239b C. chinense	 99.7	±	0.3	aA	 91.3	±	1.9	bB	 88.0	±	4.0	bB
ECU-2241 C. chinense	 98.3	±	0.9	aA	 89.0	±	0.6	cB	 92.3	±	2.9	aB
ECU-2246 C. frutescens	 90.0	±	0.6	bA	 78.3	±	1.2	dB	 52.7	±	3.3	eC
ECU-2251 C. frutescens	 27.3	±	4.3	fA	 30.7	±	4.1	gA	 18.0	±	7.0	fB
ECU-2254a C. annuum	 92.3	±	1.5	bA	 88.0	±	1.0	cA	 78.3	±	4.4	cB
ECU-2254b C. annuum	 64.3	±	2.3	dA	 52.3	±	1.2	eB	 47.3	±	5.0	eB
ECU-2255 C. annuum	 87.7	±	0.9	cA	 76.0	±	3.1	dB	 65.0	±	2.9	dC
ECU-2256 C. chinense	 98.3	±	0.9	aA	 98.3	±	0.9	aA	 94.7	±	1.5	aB
ECU-2259 C. frutescens	 56.7	±	2.6	eA	 40.0	±	4.0	fB	 24.7	±	8.4	fC
LCQ-A C. annuum	 97.7	±	2.9	aA	 92.0	±	3.2	bB	 74.7	±	3.3	cC
LCQ-A3 C. annuum	 74.7	±	0.3	dA	 66.3	±	0.6	eA	 63.3	±	2.6	dB

Table 2. Effect of different doses of tetrazolium on the viability of Capsicum spp. seeds.

Means	followed	by	the	same	letters	do	not	differ,	by	the	test	of	Scott-Knott,	at	5%	probability.	Lower	
case	 letters	 in	 each	 column	 represent	differences	between	accessions,	 and	 capital	 letters	 in	 the	 row	
indicate	 differences	 between	 tetrazolium	 doses.	 The	 analysis	 of	 variance	 was	 performed	 with	 the	
transformed	arc	sine	square	root	of	the	primary	values.	Mean	±	standard	error	of	mean.
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angustifolia (Ariane et al., 2016), Glycine max 
(Salazar-Mercado	and	Botello-Delgado,	2018)	and	
Epidendrum sp., (Salazar-Merado et al., 2020).

In the genus Capsicum, viability evaluations 
have only been carried out in C. annuum. For 
example, Martínez et al. (2019) reported viability 
percentage	 ranging	 from	 78	 to	 96%,	 and	 well-
stained cotyledons and embryos treated in a 
solution of 2,3,5-triphenyltetrazolium chloride 
(1%,	w/v).	 For	 the	 rest	 of	 the	 cultivated	 species,	
reports are scarce.

Effect of gibberellic acid on seed germination 
capacity and seedling growth
The	 statistical	 analysis	 showed	 significant	

differences	 between	 for	 all	 the	 accessions.	 Seed	
germination	 fluctuated	 between	 46.6	 and	 87%	
in C. annuum;	 between	 40.30	 and	 89.75%	 in	
C. baccatum; between 42.15 and 91.95% in C. 
frutescens; and reached 100% in C. chinense (Table 
3). The low percentage of viability (52%) observed 
in C. frutescens seeds may be due to several factors, 
such as seed coat impermeability, dormancy, 
and low vigor, which are common causes of low 
germination rates in Capsicum seeds (Ozbay, 
2018;	 Adebisi	 and	 Abdul-Rafiu,	 2016).	 GA3 is 
a plant growth regulator that can enhance the 
physiological potential of seeds by stimulating the 
synthesis of enzymes involved in the mobilization 
of reserves and the degradation of the seed coat 

(Jaiswal et al., 2021; Mustafa et al., 2019). 
In the present study, the application of GA3 at 

varying	 concentrations	 significantly	 augmented	
the germination percentage and speed of seeds 
derived from diverse accessions of C. frutescens. 
Furthermore, there was a positive impact on the 
growth and development of the seedlings. It has 
been described that the optimal concentration 
and timing of GA3 application may vary 
depending on the cultivar and environmental 
conditions	 (Ozbay,	 2018).	 Therefore,	 further	
research is needed to optimize the use of GA3 for 
enhancing the germination and seedling vigor of 
C. frutescens.

Other studies have also indicated that the 
application	 of	 different	 GA3 concentrations has 
no	 effect	 on	 seed	 germination	 (Pico-Mendoza	
et	 al.,	 2020).	 However,	 Saldivar-Iglesias	 et	 al.	
(2010) found that higher concentration of GA3 
increased	 the	 germination	 percentage	 (87%)	
in Jaltomata procumbens (Cav.) J. L. Gentry with 
250 mg L-1 of GA3. Similarly, Eisvand et al. 
(2015) conducted a study on carrot seeds and, 
reported an increased germination rate with 
the use of GA3 and salicylic acid (100 ppm). In 
fact, gibberellins stimulate hydrolysis enzymes, 
especially	α-mylase,	triggering	seed	germination	
(Tombegavani et al., 2020). Other trials have used 
sodium chloride (NaCl) combined with GA3 
(350 mgL-1), obtaining up to 91.7 % germination 

Fig. 1.  Topographic pattern of tetrazolium in cultivated species of the genus Capsicum. A) C. annuum 
seeds with average staining pattern. B) C. annuum seeds with low staining pattern. C) C. 
baccatum seeds with a high staining pattern. D) C. baccatum seeds with low staining pattern. 
E) C. chinense seeds with a high staining pattern. F) C. chinense seeds with low staining pattern. 
G and H) C. frutescens seeds with low staining pattern. 

regarding the optimization of seed management practices for better conservation and 

utilization of Capsicum genetic resources. 

The following staining colorations were observed: carmine red or intense pink (viable), 

white or yellowish white (not viable), and pale yellowish pink (not viable). This last 

coloration was considered non-viable, bearing in mind a history of other species such as 

Araucaria angustifolia (Ariane et al., 2016), Glycine max (Salazar-Mercado and Botello-

Delgado, 2018) and Epidendrum sp., (Salazar-Mercado, et al., 2020). 

In the genus Capsicum, viability evaluations have only been carried out in C. annuum. For 

example, Martínez et al. (2019) reported viability percentage ranging from 78 to 96%, and 

well-stained cotyledons and embryos treated in a solution of 2,3,5-triphenyltetrazolium 

chloride (1%, w/v). For the rest of the cultivated species, reports are scarce. 

 

Fig. 1. Topographic pattern of tetrazolium in cultivated species of the genus Capsicum. 

A) C. annuum seeds with average staining pattern. B) C. annuum seeds with low 

staining pattern. C) C. baccatum seeds with a high staining pattern. D) C. baccatum 

seeds with low staining pattern. E) C. chinense seeds with a high staining pattern. F) C. 

chinense seeds with low staining pattern. G and H) C. frutescens seeds with low staining 

pattern.  

 

 

Effect of gibberellic acid on seed germination capacity and seedling growth 
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in relation to the treatment without NaCl in C. 
annuum (De la Rosa et al., 2012).

Plants growth was progressive, in C. annuum, 
C. baccatum, and C. frutescens at 10 DAS, showing 
noticeable	 differences	 regarding	 plant	 height,	
while the growth was slower in C. chinense (Table 
3). A study conducted by Lizarde et al. (2011) 
reported a plant height of 17 cm in Chiltepín 
(Capsicum annuum L. var. glabriusculum) plants 
after two months, and concluded that plant 
growth was carried out proportionally during 
the	8	weeks	period,	showing	that	GA3 stimulates 
plant growth.

Plant height is an indicator of performance in 
terms	of	plant	growth	in	the	field.	In	our	study,	
the high genetic variability of the evaluated 
accessions	and	their	origin	have	a	direct	influence	
on this variable. Oh and Kim (2014) found that 
GA3	applications	at	a	concentration	of	100	mg/L	
increased petiole elongation and plant height in 
Cyclamen persicum.

The principal component analysis (PCA) 
shows that C. chinense accessions presented 

higher viability and seed germination, with 
values of 92.4% and 100%, respectively. In 
contrast C. frutescens recorded the lowest values 
of 52.4% and 52.5% for the same parameters 
respectively. In relation to plant height, C. 
annuum, showed greater values, standing out the 
accession ECU-2254a and LCQ-A (9.64 and 12.31 
cm, respectively) at 30 DAS, whereas C. chinense 
recorded a lower value of 4.4 cm (Fig. 2). The 
good performance of C. annuum accessions could 
be	 related	 to	 the	 adaptability	 to	 the	 different	
environments presented by the varieties and 
hybrids of C. annuum, which is the most planted 
species worldwide. Mireles-Rodriguez et al. 
(2015) and Cano-Vázquez et al. (2015) reported 
higher germination rates and an increase in the 
initial	 and	 final	 growth	 of	 plants	 of	 Capsicum 
annuum L. (var. glabriusculum) with 5000 ppm 
of GA3.	Likewise,	Hernández	et	al.	 (2019)	found	
that the height of Capsicum annuum L. (cv. ‘Papri 
King) seedlings was greater in treatments with 
doses of 1 mg L-1 of GA3. Furthermore, Torres and 
De	Souza	(2013)	applied	gibberellins	(50	mg/L)	in	

                                                                                        Plant height (cm) at different days after sowing
                                                        Germination                                            (DAS)
Accessions     Species        (%)   10 DAS    20 DAS    30 DAS
ECU-2251 C. frutescens		 50.6	±	1.8	a	 0.59	±	0.2	a	 2.28	±	0.1	a	 3.13	±	0.1	a
ECU-12968	 C. frutescens 	 44.3	±	5.4	ab	 1.95	±	0.1	a	 3.60	±	0.1	bcd	 4.73	±	0.1	b
ECU-2246 C. frutescens 	 68	±	4.5	bcd	 2.06	±	0.1	a	 4.63	±	0.2	efg	 6.71	±	0.3	cd
ECU-2259 C. frutescens		 52.4	±	9.4	bc	 2.08	±	0.1	a	 4.32	±	0.3	def	 6.17	±	0.3	cd
ECU-12970 C. frutescens 	 92.4	±	2.6	gh	 3.02	±	0.1	b	 5.95	±	0.2	i-l	 8.33	±	0.3	e
ECU-12979 C. chinense	 100	±	0.0	h	 3.02	±	0.1	b	 3.28	±	0.1	ab	 4.30	±	0.2	ab
LCQ-A3 C. annuum	 71	±	4.	0	b-e	 3.03	±	0.1	bc	 5.59	±	0.1	h-k	 6.21	±	0.1	cd
ECU-12978	 C. baccatum 	 83	±	5.1	efg	 3.12	±	0.1	bc	 4.80	±	0.1	fgh	 5.91	±	0.1	c
ECU-11996 C. chinense 	 100	±	0.0	h	 3.24	±	0.1	bcd	 3.47	±	0.1	abc	 4.27	±	0.1	ab
ECU-2256 C. chinense 	 100	±	0.0	h	 3.34	±	0.1	b-e	 3.71	±	0.1	bcd	 4.31	±	0.2	ab
ECU-12840	 C. baccatum 	 40	±	6.5	ab	 3.46	±	0.5	b-f	 7.0	±	0.7	j-m	 7.94	±	0.7	de
ECU-2231 C. baccatum 	 70	±	5.9	c-f	 3.56	±	0.4	c-g	 5.65	±	0.4	g-j	 6.68	±	0.4	cd
ECU-2241 C. chinense	 100	±	0.0	h	 3.66	±	0.1	d-g	 4.06	±	0.1	cde	 4.88	±	0.2	b
ECU-2239 C. chinense		 100	±	0.0	h	 3.80	±	0.1	e-h	 4.05	±	0.1	de	 4.48	±	0.1	b
ECU-2254b C. annuum	 46	±	3.7	ab	 3.96	±	0.2	e-h	 7.09	±	0.5	klm	 8.46	±	0.5	e
ECU-12859	 C. baccatum	 95	±	2.5	gh	 3.99	±	0.1	fgh	 5.01	±	0.2	fhi	 6.05	±	0.2	c
ECU-2255 C. annuum	 76	±	2.7	cde	 4.20	±	0.1	ghi	 7.10	±	0.4	klm	 8.52	±	0.4	e
ECU-12846	 C. baccatum	 90	±	3.8	fg	 4.65	±	0.1	hij	 7.36	±	0.3	lm	 8.32	±	0.3	e
ECU-2254a C. annuum	 86	±	2.2	d-g	 5.62	±	0.2	ij	 8.94	±	0.3	mn	 9.64	±	0.3	ef
LCQ-A C. annuum	 87.5	±	2.6	d-g	 6.23	±	0.1	j	 10.87	±	0.3	n	 12.31	±	0.3	f

Table 3.  Germination percentage and plant height (cm) in Capsicum spp. at 10, 20 and 30 days after 
sowing (DAS).

Means	 followed	by	 the	 same	 letters	do	not	differ,	 by	Sidak’s	multiple	 comparisons	 test,	 at	 5%	probability.	The	
analysis of variance was performed by nonparametric Aligned ranks transformation ANOVA (ART anova). Mean 
±	standard	error	of	mean.
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Capsicum frutescens, achieving 15 cm in height 30 
days after germination.

Seed the viability and germination are key 
factors for the success of plant propagation, 
especially for increasing the production of 
threatened species or species of agronomic 
interest.	 Seed	 germination	 is	 influenced	 by	
various factors, such as temperature, humidity, 
substrate and storage time. Some Capsicum 
species exhibit dormancy, which is a delay or 
inhibition of germination, that can be overcome 
by pre-germination treatments, such as 
scarification,	stratification,	or	the	application	of	
growth regulators (Elizalde et al., 2017).

Fig. 3 shows the correlation between the 
variables evaluated in terms of seed viability 
and germination of the cultivated species 
of Capsicum. There is a positive relationship 
between viability and germination (rs	=	0.86***),	
indicating that the higher the viability, the 
higher	 the	germination.	 In	addition,	 significant	

associations arose between plant height (10 
DAS) and seed viability and germination as 
suggested	by	Spearman’s	correlation	coefficients	
of 0.39 and 0.30. This was observed in all the 
evaluations conducted in the study, showing 
that the development of the plant depends on its 
initial growth. 

This implies that seed quality, as determined 
by	 the	 tetrazolium	 test,	 has	 an	 effect	 on	 the	
initial growth and development of the seedlings. 
Therefore, the use of the tetrazolium test is 
recommended as a rapid and reliable method 
to assess the viability of Capsicum seeds, and to 
select	the	best	seeds	for	propagation.	However,	
the	results	also	revealed	that	there	are	differences	
among the species of Capsicum, with C. chinense 
exhibiting the highest values of seed viability 
and germination, and C. frutescens recording 
the	 lowest.	 These	 differences	 may	 be	 due	 to	
genetic, physiological, or environmental factors 
that	affect	 the	seed	quality	and	performance	of	

Fig. 2.  PCA of variables: viability (VIA) and germination of seeds (GER), plant height (PH) measured 
at 10, 20 and 30 days after sowing in Capsicum accessions.

 
Fig. 2. PCA of variables: viability (VIA) and germination of seeds (GER), plant height 

(PH) measured at 10, 20 and 30 days after sowing in Capsicum accessions. 

 

Seed the viability and germination are key factors for the success of plant propagation, 

especially for increasing the production of threatened species or species of agronomic 

interest. Seed germination is influenced by various factors, such as temperature, humidity, 

substrate and storage time. Some Capsicum species exhibit dormancy, which is a delay or 

inhibition of germination, that can be overcome by pre-germination treatments, such as 

scarification, stratification, or the application of growth regulators (Elizalde et al., 2017). 

 

Fig. 3 shows the correlation between the variables evaluated in terms of seed viability and 

germination of the cultivated species of Capsicum. There is a positive relationship between 

viability and germination (rs = 0.86***), indicating that the higher the viability, the higher 

the germination. In addition, significant associations arose between plant height (10 DAS) 

and seed viability and germination as suggested by Spearman’s correlation coefficients of 
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each species. For example, some studies have 
reported that C. chinense has a higher tolerance 
to salinity and drought stress compared to C. 
annuum and C. frutescens, which may explain 
its	 better	 germination	 response	 (da	 Silva	 et	 al.,	
2019). Other studies have suggested that C. 
frutescens has a lower seed vigor and a higher 
dormancy level, which may account for its lower 
germination rate (Yamamoto and Nawata, 2006). 

Therefore, the results of this study suggest that 
the propagation of Capsicum species requires the 
adjustment	of	protocols	according	to	the	specific	
characteristics and requirements of each species. 
Further studies are needed to determine optimal 
conditions and treatments, such as temperature, 
light, moisture, sowing depth, and pre-sowing 
treatments, can enhance the germination and 
growth of Capsicum seeds and seedlings.

CONCLUSIONS

The viability of Capsicum seeds that have 
been stored for intermediate periods of time is 
determined by the species. The seeds that maintain 
the highest viability are C. chinense, followed 
by C. baccatum, C. annuum and C. frutescens. 
The presence of GA3 during the germination of 
Capsicum spp. seeds does not promote seedling 
growth,	 being	 specifically	 determined	 by	 the	
genetic characteristics of each accession.
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