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Abstract

Basil is an aromatic and medicinal plant that has a wide variety of species due to cross-pollination processes that
influence germination and properties. In this work, germination parameters of six different basil species were
evaluated in order to describe which ones have the highest germination potential. For this, the basil varieties were
grown in a greenhouse at 20-25 °C, and the germination percentage was monitored for 14 days. The Weibull modeling
allowed us to evaluate that the species O. basilicum var. basilicum, O. Basilicum var. purpurascens and O. basilicum
minimum are those that germinate in large proportions and that O. basilicum L. cv. Genovese has an intense dormancy
process. Considering the germination time, the species O. basilicum var. basilicum is the variety with the highest
germination potential.
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Resumo

O manjericdo é uma planta aromatica e medicinal que apresenta grande variedade de espécies devido a processos de
polinizacdo cruzada e que influenciam a germinacéo e propriedades. Neste trabalho, foram avaliados parametros de
germinacdo de seis espécies diferentes de manjericdo visando descrever quais apresentam maior potencialidade de
germinacdo. Para isso, as variedades de manjericdo foram cultivadas em estufa entre 20-25 °C, e a porcentagem de
germinagdo monitorada por 14 dias. A modelagem de Weibull permitiu avaliar que as espécies O. basilicum var.
basilicum, O. Basilicum var. purpurascens and O. basilicum minimum s8o aquelas que germinam em grande
proporgdo e que a O. basilicum L. cv. Genovese apresenta intenso processo de dorméncia. Considerando o tempo de
germinagao, a espécie O. basilicum var. basilicum é a varidade com maior potencial de germinagéo

Palavras-chave: Manjericdo; Ocimum basilicum L.; Germinagdo; Dorméncia; Produtos naturais.

Resumen

La albahaca es una planta aromética y medicinal que presenta una gran variedad de especies debido a procesos de
polinizacién cruzada que influyen en la germinacion y propiedades. En este trabajo se evaluaron los pardmetros de
germinacién de seis especies diferentes de albahaca con el fin de describir cudles tienen el mayor potencial de
germinacién. Para ello, las variedades de albahaca se cultivaron en invernadero a 20-25 °C, y se monitored el
porcentaje de germinacién durante 14 dias. EI modelado de Weibull nos permitié evaluar que la especie O. basilicum
var. basilicum, O. Basilicum var. purpurascens y O. basilicum minimum son las que germinan en mayor proporcion y
que O. basilicum L. cv. Genovese tiene un intenso proceso de latencia. Considerando el tiempo de germinacion, la
especie O. basilicum var. basilicum es la variedad con mayor potencial de germinacion.

Palabras clave: Albahaca; Ocimum basilicum L.; Germinacidn; Latencia; Productos naturales.

1. Introduction

Basil (Ocimum basilicum L.) belongs to the Lamiaceae family and it is an annual or perennial plant, originating from
Southeast Asia and Central Africa (Srivastava et al., 2018). It is an aromatic sub-shrub and inserted in Brazil by Italian
immigrants. Used as medicinal and aromatic plant, it contains substances of interest to the food, pharmaceutical and cosmetic
industries worldwide (Zagoto et al., 2021; Zagoto et al., 2022; Shahrajabian et al., 2020). Because these varied possibilities of
use, industries have been using basil as a raw material for valuable products development.

Reports recorded about 150 species of Ocimum in the world, among these 60 species of basil are in Brazil. However,
the botanical identity of all these varieties of Ocimum basilicum is a difficult task due to cross-pollination, which favors
hybridizations and results in a large number of varieties and subspecies (Gurav et al., 2020). As a consequence, the size of
plant constituents, leaf colors, chemical composition and yield of essential oils present great diversity (Costa et al., 2014;
Varga et al., 2017).

For seed quality control it is very important to check seed germination frequently. Germination tests aim to determine
the maximum germination potential of a seed lot, which can be used to compare the quality of different lots and also to
estimate the value for sowing in the field (Ranal & Santana, 2006). The germination test results are used to compare the
physical quality of lots, determine a seeding rate and serve as a parameter of seed sale (Scott, Jones & Williams 1984).

In basil seeds, the dormancy mechanism is identified, which usually occurs after they reach physiological maturity,
resulting from the adaptation of the species to the environmental conditions of reproduction (Kildisheva et al., 2020;
Koornneef et al., 2002; Nonogaki, 2019). In this way, it is necessary understand how species overcome the dormant state,
developing treatments for rapid and homogeneous germination for agronomic applications (Thongtip et al., 2022; Singh et al.,
2019; Singh et al., 2022).

In this perspective, we intend to evaluate the germination of six varieties of commercial basil seeds common in Brazil.
The germination was monitored by 14 days under controlled conditions and the results were statistically evaluated by the
Weibull accumulative mathematical distribution model (Weibull, 1951; Carneiro & Guedes, 1992; Takahashi et al., 1996;
Guedes et al., 2014). This three-parameter model has allowed a complete and concise description of the performance of seed
lots (Carneiro & Guedes, 1992). Thus, the percentage of germinated seedling (%G), average germination time and its

variability can provide more efficient seedling production on a commercial scale.

2


http://dx.doi.org/10.33448/rsd-v11i16.38517

Research, Society and Development, v. 11, n. 16, 590111638517, 2022
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v11i16.38517

2. Methodology
The experiments were carried in the laboratory at temperatures between 20 and 25°C. For the development of the
present work, seeds of six genotypes of Ocimum spp were selected (Table 1). The germination percentual (% G) and % purity

were obtained from each seed producer.

Table 1 - Nomenclature and germination parameters of the six varieties of O. basilicum.

Variety Common name Scientific name % G % purity
V1 Basilicdo Alfavaca O. basilicum var. basilicum 98 99.9
V2 Red Basilicdo Alfavaca O. basilicum var. thyrsiflora 98 100.0
V3 Red Ruby Basilicdo Alfavaca O. basilicum var. purpurascens 98 100.0
V4 Fine Leaf O. basilicum var. anisatum 85 99
V5 Genovese O. basilicum L. cv. genovese 85 99
V6 Grecco Palla O. basilicum var. minimum 94 100.0

Source: Authors (2022).

Germination percentage of seeds

To carry out the test, the germination method on paper in a plastic box (Gerbox) was adopted with eight repetitions
with 50 seeds per box, with a depth of 3 cm, distributed seeds on a sheet of paper Germitest®, DLabor, moistened with 5 mL
of a 0.2% solution of potassium nitrate (KNQO3), following the recommendations of the Rules for Seed Analysis (BRASIL,
2009), in an amount equivalent to 2.5 times the weight of the paper. Seeds were kept in a germination chamber previously set
at a temperature of between 20 °C and 25 °C.

The evaluations were carried out from the second day after the test was set up and evaluated every 2 days resulting in
7 counts. The results were expressed in % G. The first count test computed the number of germinated seedlings, determined at
the time of the first count of the germination test, on the second day after setting up the test (BRASIL, 2009), where they were

considered germinated when the cotyledon leaves were exposed above the surface of the seed.

Statistical analysis of germination
In the evaluation of germination performance, the accumulated frequencies were combined with the distribution
function model of Weibull used according to the following reparameterization:
LB E
y=M(1-e % )+e g,

In which:

. ¥ the percentual accumulated germination observed over time t;

. M the maximum germination percentage for the variety (the asymptotic value of the germination percentage);

. b the estimated time to obtain approximately 63.21% of the germinated seeds expected by M, it means 0,632 1M ;

. (" the germination progression rate as a function of time b (percentage of germination in the day b);

. t the time (day) at which the count is performed (days after being placed to germinate);

. £ the random error assumed to be independent and identically distributed with a normal distribution of zero mean and

constant variance, = ¢ n(0, o2).
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The time required for the seeds to reach p% of total germination, considering the estimate obtained for M (Avila et
al., 2019) is given by Eq. 2:

i — _ _E i1/c
Diay = b[~log(1 7] Eq. 2

with estimated variance given by (Ho & Silva, 2005):
var(Dia,) & var(b) + [log(—log(l — p))1* + var(c) + 2[log(—log(l — p))]cov(b, c) Eq.3

Analyzes were performed in the static environment R (R Core Team, 2021). To adjust the model, the n1s function
from the stats package was used. The discrimination between the varieties was performed by contrasts the estimates of the
model parameters using the Bonferroni test of the pairComp function of the aomisc package (Onofri, 2020) with 5%

significance.

3. Results and Discussion

The accumulative germination percentage presents an exponential growth at the beginning of the observation period
and it stabilizes at a maximum value. This behavior indicates the existence of an asymptote (maximum germination
percentage), so that the model of Weibull assumed for the percentage of germinated seeds is plausible. From the mathematical

modelling, the statistical parameters are presented in Table 2.

Table 2 - Germination performance of Basil seeds, evaluated by estimates of the parameters of the Weibull distribution

function and Bonferroni test.

Variety M (%) b (days) C

V1 97.9%+1.4 1.93%¢+0.13 1.172+0.20
V2 83.3°+1.3 2.509+0.12 1.778 +0.25
V3 89.8%0+2.7 0.47%+0.50 0.53*+0.40
V4 75.5°+1.8 2.55%+0.20 1.108 +£0.18
V5 45.7%+1.2 2.48%+0.23 2.712+0.98
V6 91.7%+4.7 5.26"+0.52 1.228 £0.14

Lowercase letters differentiate significant differences (p<0.05) between varieties. Source: Authors (2022).

According to the parameter estimates, Table 2, variety V1 has the maximum germination power (M) of 97.9 %,
followed by varieties V6 and V3, 91.7% and 89.8 % respectively. However, this numerical difference is not significant at 5 %
by the Bonferroni test. The variety V5 has the lowest value of M, 45.7 %, about 2 times smaller than the values for V1, V3 and
V6.

In addition to showing a higher percentage of germination, variety V1 has a lower standard error (SE) value of
parameter M (1.4 %) compared to varieties V3 and V6. This result indicates that the eight samples analyzed for the V1 variety
are more similar to each other than the others, it means less variability.

The maximum germination values predicted by the Weibull model were similar to the values provided by the
manufacturer only for the V1 and V6 varieties. For varieties V2, V3, V4 and V5, the predicted values were much lower, which
may indicate that germination did not occur correctly. This difference may be due, for example, to commercial seed storage
conditions with consequent loss of viability. Thus, it appears that the proposed methodology works in the experimental quality
control of seed germination. A previous studies presented that cultivar ‘Grecco a Palla’ (V6) presented superior seed

germination percentage and seedling development when compared to ‘Thai Basil’ and ‘Alfavaca Basilicio Vermelho’ (V2)
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(Franga et al., 2017), in agreement with our results. Low %G values are quite worrying in terms of costs. As an example, in the
case of V5, there is a need to buy 2x more seeds to obtain the expected amount if the %G was close to the total.

The analysis of parameter b reveals that variety V3 was the faster to reach 63.21 % of germination of the seeds (0.47
days). however, the time to reach this germination percentage did not differ significantly from the V1 variety. The variety V6,
despite present high values of M, was the slowest in the germination process (b = 5.26 days). this result is very important
because it is an indicative that cultures of V3 and V1 tend to be the fastest crops to be harvested. As for the rate of germination
progression as a function of time, parameter C, we highlight that despite the numerical differences, none of the varieties stood
out significantly in relation to the others. From the parameters of Table 2, it was possible describe a single curve for the
germination of each one of the varieties, which are represented in Figure 1.

Figure 1 - Variety-adjusted Weibull model of percentage of germination for the six species of basil.
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Source: Authors (2022).

It is observed from the curves of the adjusted model, Figure 1, that, except for variety V6, the other varieties reach
their maximum germination around the eighth day. The curves also suggest (there is still an indication of) that the V1 and V3
varieties have the best germination.

In the Figure 2, the Weibull model was adjusted for the germination of seed of the V1 variety, which presented the
best performance of germination (higher values of M).
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Figure 2 - Weibull model adjusted for the germination of seeds of the V1 variety, and prediction of the time required for
germination of 89.76% (dashed lines) with prediction interval.
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Source: Authors (2022).

Figure 2 makes it possible to graphically visualize the time when the V1 variety reaches the maximum percentage of
germination reached by the V3 variety, that is, the V1 variety reaches 89.78% between the fourth and fifth day after planting.
This result permit infers that in 4.2 days the percentual germination of V1 is the same the maximum of the V3.

4. Conclusion

The quantitative control of germination is very important to provide seed quality. From this study, O. basilicum var.
basilicum (V1), O. Basilicum var. purpurascens (V3) and O. basilicum minimum (V6) are those varieties that present the
highest germination while O. basilicum L. cv. Genovese (V5) were the less germinative. The variety V1 presented the highest
value of 97.9+1.4 % do germination and it was considered the standard for comparisons. The mathematical modeling of the
germination allows the rational planning of the production of basil cultures aiming to optimize the agricultural productivity.
For future studies, one can continue the studies with other basil varieties, compare the Weibull model with other mathematical
models and also carry out large-scale studies.

Acknowledgments

The authors thank the National Council for Scientific and Technological Development (CNPq), Higher Education
Personnel Improvement Coordination (CAPES) and Araucéria State of Parand Research Foundation (Fundagdo Araucéria) for

financial support, Brazil.

References

Avila, M. R., Barbosa, J., Fonseca Jnior, N. S., Nagashima, G. T., & Oliveira, C. M. G. (2019). Weibull distribution and dynamics of germination of Rangpur
lime seeds at different temperatures. Journal of Seed Science, 41 (3), 328-335.

Brasil. (2009). Regras para andlise de sementes. Ministério da Agricultura, Pecuéria e Abastecimento - Secretaria de Defesa Agropecudria. Brasilia:
Mapa/ACS. 399 p.

Carneiro, J. W. P., & Guedes, T. A. (1992). Influéncia do contato de sementes de Stevia (Stevia rebaudiana (Bert.) Bertoni) no substrato avaliada pela fungéo
de Weibull. Revista. Brasileira de Sementes, 14 (1), 65-72.

6


http://dx.doi.org/10.33448/rsd-v11i16.38517

Research, Society and Development, v. 11, n. 16, 590111638517, 2022
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v11i16.38517

Costa, A. S., Arrigoni-Blank M. F, Silva. M. A. A. P., Alves, M. F., Santos. D. A., Alves, P. B., & Blank, A.F. (2014). The impact of hybridization on the
volatile and sensorial profile of Ocimum basilicum L. Scientific World Journal, 824594.

Franca, M. F. M. S,, Vilela, M. S., Costa, A. P., Nogueira, I., Pires, M. C., & Souza, N. O. S. (2017). Germination test and ornamental potential of different
basil cultivars (Ocimum spp.). Ornamental Horticulture, 23 (4), 385-391.

Guedes, T. A, Rossi, R. M., Martins, A. B. T., Janeiro, V., & Carneiro, J. W. P. (2014). Nonlinear models applied to seed germination of Rhipsalis cereuscula
Haw (Cactaceae). Acta Scientiarum. Technology, 36 (4), 651-656.

Gurav, T. P., Jayaramaiah, R. H, Punekar, S. A., Dholakia, B. B.; & Giri, A. P. (2020). Generation of novelties in the genus Ocimum as a result of natural
hybridization: A morphological, genetical and chemical appraisal. Industrial Crops and Products, 156, 112859.

Ho |, L. L., Silva, A. F. (2005). Estimadores néo viciados para o tempo médio até a falha e para percentis obtidos do modelo de regresséo de Weibull. Gestéo e
Producao, 12 (1), 97-105.

Kildisheva, O. A., Dixon, K. W., Silveira, F. A. O., Chapman, T., Di Sacco, A., Mondoni, A., Turner, S. R., & Cross, A. T. (2020). Dormancy and
germination: making every seed count in restoration. Restoration Ecology, 28 (S3), S256-S265.

Koornneef, M., Bentsink, L., & Hilhorst, H. (2002). Seed dormancy and germination, Current Opinion in Plant Biology, 5 (1), 33-36.

Nonogaki, H. (2019). Seed germination and dormancy: The classic story, new puzzles, and evolution. Journal of Integrative Plant Biology, 61 (5), 541-563.
Onofri A. (2020) The broken bridge between biologists and statisticians: a blog and R package, Statforbiology. https://www.statforbiology.com

R Core Team (2021). R: A language and environment for statistical computing. R Foundation for Statistical Computing. https://www.R-project.org

Ranal, M. A., & Santana, D. G. (2006). How and why to measure the germination process? Brazilian Journal of Botany, 29 (1), 1-11.

Scott, S. J., Jones, R.A., Williams, W. A. (1984). Review of Data Analysis Methods for Seed Germination. Crop science, 24 (6), 1192-1199.

Shahrajabian, M. H., Sun, W., & Cheng, Q. (2020). Chemical components and pharmacological benefits of Basil (Ocimum basilicum): a review. International
Journal of Food Properties, 23 (1), 1961-1970.

Singh, R., Kishor, R., Singh, V., Singh, V., Prasad, P., Aulakh, N. S., Tiwari, U. K., & Kumar, B. (2022). Radio-frequency (RF) room temperature plasma
treatment of sweet basil seeds (Ocimum basilicum L.) for germination potential enhancement by immaculation. Journal of Applied Research on Medicinal and
Aromatic Plants, 26, 100350.

Singh, R., Prasad, P., Mohan, R., Verma, M. K., & Kumar, B. (2019). Radiofrequency cold plasma treatment enhances seed germination and seedling growth
in variety CIM-Saumya of sweet basil (Ocimum basilicum L.). Journal of Applied Research on Medicinal and Aromatic Plants, 12, 78-81.

Srivastava, A., Gupta, A. K., Sarkar, S., Lal R. K., Yadav, A., Gupta, P., & Chanotiya, C. S. (2018). Genetic and chemotypic variability in basil (Ocimum
basilicum L.) germplasm towards future exploitation. Industrial Crops and Products, 112, 815-820.

Takahashi, L., Melges, E., & Carneiro, J. W. P. (1996). Desempenho germinativo de sementes de Stevia rebaudiana (Bert.) Bertoni sob diferentes
temperaturas. Revista Brasileira de Sementes, 18 (1), 6-9.

Thongtip, A., Mosaleeyanon, K., Korinsak, S., Toojinda, T., Darwell, C. T., Chutimanukul, P., & Chutimanukul, P. (2022). Promotion of seed germination and
early plant growth by KNO; and light spectra in Ocimum tenuiforum using a plant factory. Scientific Reports, 12, 6995.

Varga, F., Carovi¢-Stanko, K., Ristié, M., Grdisa, M., Liber, Z., & Satovié, Z. (2017). Morphological and biochemical intraspecific characterization of
Ocimum basilicum L., Industrial Crops and Products, 109, 611-618.

Weibull, W. (1951). A statistical distribution function of wide applicability. Journal of Applied Mechanics, 18 (1), 293-297.

Zagoto, M., Cardia, G. F. E., Rocha, E. M. T., Mourdo, K. S. M., Janeiro, V.; Cuman, R. K. N.; Pinto, A. A., Contieiro, R. L, & Freitas, P. S. L. (2021).
Biological activities of basil essential oil: a review of the current evidence. Research, Society and Development, 10 (12), €363101220409.

Zagoto, M., Freitas, P. S. L., Contiero, R. L., Milagres, B. R., Cripa, P. H. M., Cardia, G. F. E., Mourdo, K. S. M., Janeiro, V., Pinto, A. A., Silva, D. B., Silva
Filho, S. E., & Cuman, R. K. N. (2022). Botanic Aspects of the leaves and Chemical constituents in the essential oil from two varieties of basil (Ocimum spp)
grown in Brazil. Research Journal Pharmaceutical, Biological and Chemical Science, 13 (4), 64-69.


http://dx.doi.org/10.33448/rsd-v11i16.38517
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Kildisheva%2C+Olga+A
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Dixon%2C+Kingsley+W
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Silveira%2C+Fernando+A+O
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Chapman%2C+Ted
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Di+Sacco%2C+Alice
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Mondoni%2C+Andrea
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Turner%2C+Shane+R
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Cross%2C+Adam+T
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Nonogaki%2C+Hiroyuki
https://onlinelibrary.wiley.com/toc/17447909/2019/61/5
https://www.statforbiology.com/
https://www.r-project.or/
https://www.sciencedirect.com/journal/industrial-crops-and-products
https://www.sciencedirect.com/journal/industrial-crops-and-products/vol/112/suppl/C

