Revista de Ciencias Agricolas
e-ISSN 2256-2273
https://doi.org/10.22267/rcia.20234002.205 Research article: Agronomy

Tetrazolium test to estimate the physiological quality of
tamarind (Tamarindus indica L.) seeds

Prueba de tetrazolio para estimar la calidad fisiologica de semillas de
tamarindo (Tamarindus indica L.)

Jenrry Rafael Hernandez-Murillol; Camilo José Iguaran-Diaz 2; Hermes Araméndiz-Tatis 3; Carlos Enrique
Cardona-Ayala#%; Miguel Mariano Espitia-Camacho5

Authors Data . . . ° ‘ ‘n .

1. Researcher, M.Sc. Universidad de Cérdoba, Monteria, Colombia,
jenryhernandezmurillo@correo.unicordoba.edu.co ‘ ' ’
https://orcid.org/0000-0002-6302-0629 © ‘ “» '
2. Researcher. M.Sc. Universidad de Cérdoba, Monteria, Colombia.
camiloiguaran@correo.unicordoba.edu.co. . . . ’ . °‘ -
http://orcid.org/0000-0002-9002-0616
3. Researcher, Ph.D. Universidad de Cérdoba, Monteria, Colombia,

haramendiz@correo.unicordoba.edu.co . ‘ ° ’ ..‘

http://orcid.org/0000-0002-2585-6273
4. Researcher, Ph.D. Universidad de Cérdoba, Monteria, Colombia,
cecardona@correo.unicordoba.edu.co. 0 ‘ . ‘ ’ ‘
http://orcid.org/0000-0002-9607-3858 ’
5. Researcher, Ph.D. Universidad de Cérdoba, Monteria, Colombia,
mmespitia@correo.unicordoba.edu.co. Cite: Hernandez-Murillo, ].; Iguaran-Diaz, C.; Araméndiz-Tatis, H.;
http://orcid.org/0000-0001-7382-9643 Cardona-Ayala, C.; Espitia-Camacho, M. (2023). Tetrazolium test
to estimate the physiological quality of tamarind (Tamarindus
indica L.) seeds. Revista de Ciencias Agricolas. 40(2): e2205.
https://doi.org/10.22267 /rcia.20234002.205

Received: March 24 2022. Accepted: April 27 2023.

ABSTRACT

Tamarind (Tamarindus indica) is a fruit tree of African origin cultivated in more than 50 countries,
including Colombia, mainly in the Colombian Caribbean departments, where its harvest generates
significant income in rural communities. Its establishment presents a difficulty because the sexual seed
presents physical dormancy and poor germination. The objective of this study was to evaluate Tamarind
seed viability by using the tetrazolium test and to reduce the time needed for the determination of its
physiological quality. Ripe and healthy fruits were collected from patio trees, from which their seeds
were extracted, disinfected with 1% sodium hypochlorite, and washed with plenty of water before use.
Subsequently, they were scarified with No. 100 sandpaper by the edges, except in the area of the
micropyle. The completely random design was used in a 3x3 bifactorial arrangement, with four
repetitions. The first factor, tetrazolium concentration (%), was tested at levels of 0.50, 0.75 and 1.00%,
and the second factor, immersion time, at 2, 4, and 6 hours. The analysis of variance did not show
significance for the tetrazolium concentration, while it did for the immersion time (p<0.01), and the
tetrazolium-time interaction (p<0.05). Therefore, the concentration of 0.50% tetrazolium for six hours
of immersion is a reliable alternative to determine the physiological quality of tamarind seeds compared
to conventional germination testing due to its low cost and execution time. Likewise, the percentages of
germination and germination speed index were higher when the seed was scarified with sandpaper than
the conventional method.

Keywords: Seed viability; germination percentage; tetrazolium salt; physical dormancy; seed vigor.
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RESUMEN

El tamarindo (Tamarindus indica) es un frutal de origen africano cultivado en mas de 50 paises, entre
ellos Colombia, principalmente en los departamentos del Caribe colombiano, donde su cosecha genera
importantes ingresos en las comunidades rurales. Su establecimiento presenta dificultad porque la
semilla sexual presenta dormancia fisica y deficiente germinacion. El objetivo del estudio fue evaluar la
viabilidad de la semilla mediante la prueba del tetrazolio y reducir el tiempo necesario para determinar
su calidad fisioldgica. Fueron colectados frutos maduros y sanos de arboles de patio, a los cuales se les
extrajo sus semillas, se desinfectaron con hipoclorito de sodio al 1% y se lavaron con abundante agua
antes de su uso. Posteriormente, fueron escarificadas con lija N°100 por los bordes, excepto en el area
del micrépilo. Se utilizé un disefio completamente al azar en un arreglo bifactorial 3x3, con cuatro
repeticiones; el primer factor, concentracién de tetrazolio (%), se prob6 a los niveles de 0,50, 0,75% y
1,0% y el segundo factor, tiempo de inmersidon, a 2, 4 y 6 horas. El analisis de varianza no mostré
significancia para la concentracion de tetrazolio, en tanto que, si para tiempo de inmersién (p<0,01) y la
interaccion tetrazolio-tiempo (p<0,05). Por tanto, la concentraciéon de 0,50% de tetrazolio durante seis
horas de inmersion, es una alternativa confiable para determinar la viabilidad de semillas de tamarindo,
frente a la prueba de germinacién convencional, por su bajo costo y tiempo de ejecucién. Asi mismo, los
porcentajes de germinacion e indice de velocidad de germinacion fueron mayores cuando la semilla fue
escarificada con lija que el método convencional.

Palabras clave: Viabilidad de la semilla; porcentaje de germinacién; sal de tetrazolio, dormancia fisica;
vigor de semilla.

INTRODUCTION

Tamarind (7. indica) is a fruit native to the African continent, typical of dry
environments, and cultivated in many countries. It provides a wide variety of significant
ecological and economic services in rural communities since, at harvest time, it
constitutes an important source of income (Azad, 2018; Maia et al., 2021). The pulp of
the fruit represents almost half the weight of the pod with a higher vitamin content; it
also has mineral nutrients such as sodium, calcium, magnesium, potassium,
phosphorus, and iron. In addition, it has diuretic, digestive, and depurative properties;
plus, in traditional medicine in the Asian and African continent, it is used for the
abdominal pain treatment, helminth infections, wound healing, malaria, fever,
constipation, inflammation, cellular cytotoxicity, eye diseases, antibiotic, anticancer,
and antidiabetic (Govindappa et al., 2021; Fandohan et al., 2019); in the Caribbean
region of Colombia, it is used in cooking, juices, ice cream, sweets, fresh food, mainly in
the dry season (Lopez et al., 2016).

The tree is slow-growing, capable of reaching a height between 12-24m, and a
circumference up to 7.5m. The foliage is bright green and feathery; it is composed of
pinnate leaves, each one with 10-15 pairs of oblong leaflets 1.25 to 2.5cm long and 5-
6mm wide that fold up at night. Its fruits are bulging and curved pods, which usually
vary from 12.48 to 22.5cm long and 1.10 to 3.0cm wide, with fruit mass between 1.4 to
56.8g, pulp mass between 0.19 and 22g, and contain from 1 to 17 seeds (Bello & Gad,
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2015). The trees begin to produce fruits when they are 8-12 years old and may be
continued to produce fruits for 200 years (Bahru et al., 2014).

This species is distributed mainly in dry and semi-arid regions of northern Colombia;
its cultivation as a commercial crop does not exist as such and it only proliferates as
patio trees, as a consequence of the dispersion of seeds by anthropic action. There is an
evident lack of knowledge on reproductive ecology, population genetics, biomass
production, natural distribution, and seed quality, which prevents the production of
excellent quality seedlings, since their demand is high in the international market
(Lopez et al.,, 2016); apart from having been prioritized for conservation and product
development to support livelihoods in sub-Saharan Africa and other African countries
(Okello et al., 2018).

Successful seed germination is vital in the propagation of the species, as T. indica seeds
do not germinate when placed under conditions normally considered favorable for
emergence, given that they can take up to 60 days, which makes the process slow and
erratic, even through various pre-germinative treatments (Gomes et al., 2019), as it is
the case of many legumes (Yousif et al., 2020). In this regard Bhattacharya & Suparna
(2021) and Yousif et al. (2020) stated that the seeds of legumes such as tamarind have
dormancy imposed by the hardness of the seed covers or their impermeability to water
and immaturity of the embryo, a situation that makes the germination process slow and
not uniform and, when the pulp is present, the concentration of tartaric acid inhibits
germination.

The physiological quality, longevity and vigor of the seeds are determining factors,
which ensure germination and seedling formation as well as the preservation of T.
indicus y Dipteryx alata (Silva et al., 2021; Cordeiro et al., 2022). In this sense, many
methods: germination test, biochemical test, and imagen test are used to evaluate the
quality of the seeds and since in tamarind the conventional germination test requires
up to two months for dormancy (Bahru et al., 2014), alternative methods are used such
as the tetrazolium test, based on the staining of living tissues using 2,3,5-
triphenyltetrazolium chloride solution. With this test, there is an embryo coloration due
to the effect of the dehydrogenase enzymes involved in respiration (Carvalho et al.,
2018), which represents a rapid option for seed viability control, which in 48 hours or
less, allows knowing with a high degree of reliability the physiological quality of the
seed destined for sowing or to evaluate its possibility of storage (Souza et al., 2018;
Costaetal, 2018; Cordeiro et al., 2022).

Viability testing with tetrazolium has been employed in many species (Franca-Neto &
Krzyzanowski, 2019). Recently its use has been reported in Carica papaya (Carvalho et
al., 2018), Glycine max (Zuffo et al., 2018), Scaevola sericea (Liang et al., 2020), Psidium
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guajava (Guevara-Ohara et al., 2020), Phaseolus vulgaris (Besaye & Galgaye, 2022) and
Tamarindus indica (Cordeiro et al., 2022).

Considering the importance of tamarind in the Caribbean region and that the
conventional evaluation of its seed takes too long, the objective of this study was to
evaluate seed viability by means of the tetrazolium test and reduce the time necessary
to determine its physiological quality.

MATERIAL AND METHODS

Plant material. The seeds of T. indica were collected from ripe healthy fruits of patio
trees randomly taken from the rural area of Monteria-Colombia (San Isidro village) at
the beginning (January-February) of 2021, with coordinates 8.57833N and 75.8933W).

Location and Procedure. The study was carried out in the plant breeding laboratory
of the Cordoba University - Colombia. The seeds were separated from the pulp and
sieved to separate the damaged ones; they were air-dried, kept in plastic packaging, and
stored at a temperature of 10°C (Bahru et al., 2014), until the commencement of the
experiment four months later. Likewise, they were disinfected by immersion in 1%
sodium hypochlorite for one minute, washed with abundant distilled water to remove
the hypochlorite that could remain in the seeds and dried in the open air to avoid
problems of damage to the internal anatomy and to optimize the tetrazolium test
(Salazar et al., 2020). The moisture content of the seeds was determined with three
samples of 9.82, 9.90, and 10.13g by the oven drying method (dehydrating them for 17
hours at 103°C), and they showed an average of 19.5%.

Preliminary tests were carried out to determine the ideal number of hours for the
immersion of seeds, which would allow a longitudinal cut to directly expose the embryo
to the tetrazolium salt solution, and thus, obtain an adequate coloration. Times of 24,
48, and 72 hours were tested at 40°C in dark conditions. Previously, the seeds were
scarified with sandpaper N°100 all over the edge, except in the area where the
micropyle is located. For the experiment, the seeds were divided longitudinally by the
embryonic axis, with subsequent removal of the seed coats. The embryo of each seed
was immersed in a solution of 2,3,5- triphenyl tetrazolium chloride, at concentrations
0f 0.50%, 0.75%, and 1.00% in the dark, at temperatures of 402C for 2, 4, and 6h, using
four subsamples of 20 seeds per experimental unit inside 50ml beakers containing
15ml of the tetrazolium solution.

Seed viability. After subjecting the seeds to immersion times with the tetrazolium salt,
the solutions were drained, and the seeds were washed with running water and
individually evaluated using a stereoscope (Vista vision) to verify the presence or
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absence of red color, uniformity, location, and color intensity of embryonic tissues,
being classified into two categories: 1) viable and 2) non-viable (Souza et al., 2018;
Salazar et al., 2020).

Viable seeds were considered those whose embryos showed a uniform bright pink
color, tissue with normal appearance, firmness, and cotyledon with more than 50% of
its surface colored. The non-viable seeds were those with the embryo totally white
(without coloration) or having part of the radicle without coloration; the presence of
white tissues in the cotyledons indicates dead tissue. In order to know the physiological
quality of the seed, these were evaluated through the traditional method and
scarification of 1mm thickness with water sandpaper # 60 on both sides. The
germination percentage (%G) was measured by counting the number of emerged seeds
up to day 25 after sowing and the germination speed index (GSI) was measured
simultaneously with germination using equation (1), recommended by Maguire (1962).

n Pi

GSI =37, (1)

Where, Pi is the number of normal seedlings germinated per day, Ti is e the number of
days elapsed since planting, i is the number of counts, i=1,2,3 ....... n

Experimental design. The experimental design was completely randomized with four
replicates in a 3 x 3 factorial arrangement, three concentrations of tetrazolium salt and
three immersion times, at a temperature of 40°C. One hundred seeds per replica
constituted the experimental unit. Data were subjected to analysis of variance and
Tukey's multiple comparisons at 5% for the viable seed variable. The results were
analyzed by the statistical package SAS 9.4 (SAS, 2013).

The experimental design was completely randomized with two treatments and five
replications, each experimental unit consisted of 20 seeds sown in plastic bags of 15 cm
in length and 8 cm in diameter, with the following substrate mixture: sand, rice husk
and alluvium in a 1:1:1 ratio, characterized by its high-water retention and aeration
capacity. Irrigation was carried out every two days, between 11:00 am and 12:00 noon.

RESULTS AND DISCUSION

The initial moisture content of the seed, 19.5%, allows water to pass from the external
medium of higher water potential to the interior of the seed, whose water potential is
lower until reaching an equilibrium independent of its physiological state (Marcos-
Filho, 2015). This allows the seeds to perform all their metabolic activities, including
respiratory activities, which are necessary to carry out the tetrazolium test (Brito et al.,
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2020). The Analysis of Variance for tetrazolium concentrations, immersion time, and
concentration-immersion time interaction, under controlled conditions at 40°C, is set
out in Table 1.

Table 1. Mean squares of the Analysis of Variance for the characteristic percentage of
viable seeds subjected to different concentrations of tetrazolium and immersion times.

Variation source DF | Viable seeds (%)
Tetrazolium 2 17.59Ns

Time 2 1989.81**
Tetrazolium x Time 4 212.03*

Error 18 54.62

Total 26 224.85

CV. (%) 10.61

Mean 69.62

R? 0.83

*: significant with p<0.05; **: highly significant with p< 0.001; NS: not significant with p<0.05; C.V.: coefficient of variation.

There were no significant differences between the different concentrations of
tetrazolium salt while estimating embryo viability, so any concentration is reliable to
obtain accurate topographic interpretations since they allowed the assessment to
identify healthy tissues in viable seeds and alterations of non-viable seed tissues.

The use of tetrazolium solutions at low concentrations allows for a higher yield of
tetrazolium salt during analyses. In this regard, Cordeiro et al. (2022) evaluated
tetrazolium concentrations of 0.075%, 0.1%, and 0.5% and established that 0.1% for 6
hours allows efficient evaluation of viability in T. indica seeds. Regarding the immersion
time, highly significant differences were detected (Table 2, Figure 1), highlighting that
the longer the time in the tetrazolium salt solution, the higher the percentages of
determinations of viable embryos of this species, with values ranging from 81.66 +4.40
to 83.33% 6.00.

This enabled us to affirm that six hours of immersion is sufficient for the cells of the
embryo to react with tetrazolium salt, and accurate topographic interpretations can be
achieved and used to estimate viability. Similar findings have been reported across
various species, including Zuffo et al. (2018) and Franca-Neto & Krzyzanowski (2019).
Additionally, similar results were obtained in studies on Phaseolus vulgaris by Besaye
& Galgaye (2022) and T. indica by Cordeiro et al. (2022).

Table 2. Mean percentages of viability of Tamarindus indica seeds obtained at different
concentrations of tetrazolium (TZ) and immersion times.

Time (hours)

TZ concentration 2 4 6
0.50 60.00+5.77 b 63.33+4.40 b 81.66t4.40 a
0.75 73.33+4.40b 46.66+1.66 c 83.33+t1.66a
1.00 63.33+3.33 b 61.66+4.40 b 83.33+6.00 a

Different letters between columns indicate statistical difference between means (p<0.05) according to Tukey's test.
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Tetrazolium Immersion time of the seeds intetrazolium solution
X Seed Categories
concentration 2 Hours 4 Hours 6 Hours
o . .
0.50% . :
Not Viable
Viable
0.75%
o . .
- l “ :
1.0%
o .

Figure 1. Seed tissue staining patterns under different tetrazolium concentrations
and immersion times.

The tetrazolium concentration-immersion time interaction registered significant
differences (Table 1), indicating that the viability of the seed varies according to the
concentration of the tetrazolium salt and the immersion time in the solution (Table 2).
However, it was observed that the longer the immersion time, the greater the red
coloration in the viable tissues of the seeds due to the activity of the dehydrogenase
enzymes of respiration. Similarly, when the physiological activity is deficient, the
tissues remain discolored or exhibit abnormal coloration since they release small
amounts of H*, which are insufficient for a normal reaction to occur with the
tetrazolium salt (Marcos-Filho, 2015).
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Studies on Cucumis anguria seeds reported by Paiva et al. (2017), who evaluated different
concentrations of the tetrazolium salt and immersion times at temperatures of 30 and
40°C, respectively, found that the treatment of 0.050% for six hours at 35°C or four hours
at 40°C are sufficient to identify viable seeds. Therefore, the immersion time of the
embryos in the tetrazolium solution and its concentration generate variations in the
staining patterns as can be seen in Figure 1 (Paiva et al., 2017; Pereira et al., 2020).

Topographic or staining patterns related to seed viability were identified according to
the response of different tissues to the tetrazolium salt reaction. The activity of
dehydrogenases allows the release of hydrogen ions, which reduces the colorless
tetrazolium solution to red formazan, which stains living cells red, while dead cells
remain uncolored. The seeds of Figure 2a are viable while those of Figure 2b are
considered non-viable. Since the key structure that should present staining is the
radicle, a light pink non-homogeneous color in the radicle or lack of embryo coloration
results in the classification of the seed as non-viable (Mancipe-Murillo et al., 2018).

The results obtained in this research effectively provide the procedure for the
determination of tamarind seeds viability, thereby constituting the tetrazolium test as
a potential alternative for quickly quantifying the germinable or non-germinable state
of the embryo. It is important to bear in mind that the tetrazolium test has some
disadvantages, such as being a biochemical method that requires some experience and
skill to perform and analyze.

Figure 2. Viability of the embryo of Tamarindus indica seeds when subjected to the
0.50% tetrazolium solution a) Viable seeds b) Non-viable seeds.
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The analysis of variance for the variables germination percentage and germination
speed index is shown in Table 3, indicating the absence of significance for %G between
treatments and highly significant differences between them for GSI. Seed quality
measured through the %G were 67 and 50%, respectively for scarification and
conventional, acceptable values and lower than those reported by Bello & Gad (2015),
who using concentrated sulfuric acid reported a germination percentage of 95%, since
the acid softens the teguments and facilitates imbibition and accelerates germination,
with the disadvantage of the handling of this acid by the operator. Regarding GS]I,
scarification was superior with a value of 1.78, which benefits vegetative development
in the nursery stage with better quality seedlings; while the conventional value of 0.74
reflects the physical dormancy imposed by the teguments.

Table 3. Mean squares of the analysis of variance of two characteristics associated
with physiological seed quality.

Variation source DF %G GSI
Treatments 1 722.50s 2.70%*
Error 8 166.25 0.11
Total 9 228.05 0.39
C.V. (%) 22.04 26.32
Mean 58.5 1.26
R? 0.35 0.75

DF: degrees of freedom; G: germination;GSI: germination speed index; C.V.: coefficient of variation, **; highly significant with p< 0.001; NS: not
significant with p<0.05

CONCLUSIONS

Our findings revealed that the viability of tamarind seeds can be effectively assessed by
subjecting them to a 0.50% tetrazolium concentration for a duration of six hours at 40°C,
under laboratory conditions. The scarification of the seed with sandpaper allows
obtaining seedlings of better quality regarding their growth and vegetative development.
The tetrazolium test serves as an efficient alternative to conventional germination tests
for evaluating the quality of tamarind seeds in terms of cost and time.

ACKNOWLEDGMENTS
The authors thank the Faculty of Agricultural Sciences and the Plant Breeding
Laboratory of the University of Cérdoba for the logistical and financial support
provided to develop this research. Likewise, to the research group tropical crops of

warm climate

Conflict of interest: The authors declare that there is no conflict of interest.

UNIVERSIDAD DE NARINO e-ISSN 2256-2273 Rev. Cienc. Agr. May - August 2023 Volume 40(2): 2205 (@) ev-ne |



Hernandez-Murillo et al.- Tamarind tetrazolium test

BIBLIOGRAPHIC REFERENCES

Azad, S. (2018). Tamarindo-Tamarindus indica.
In: Rodrigues, S.; Silva, E.; de Brito, E. Exotic
Fruits Reference Guide. pp 403-412. Brasil:
Academic  Press. 10.1016/B978-0-12-
803138-4.00055-1

Bahru, T.; Eshete, A.; Mulatu, Y.; Kebede, Y.;
Tadesse, W.; Mohammed, O.; Dejene, T. (2014).
Effect of provenances on seed germination,
early survival and growth performance of
Tamarindus indica 1. in Ethiopia: a key
multipurpose species. Advances in Materials
Science and Engineering. An International
Journal. 1(1): 1-8.

Bello, A.G.; Gad, Z.Y. (2015). Germination and Early
Growth Assessment of Tamarindus indica L in
Sokoto State, Nigeria. International Journal of
Forestry Research. Article. 2025(63410): 5.
http://dx.doi.org/10.1155/2015/634108

Besaye, B.H.; Galgaye, G.G. (2022). Impact of
common bean (Phaseolus vulgaris 1.)
genotypes on seed yield, and seed quality at
different locations of Eastern Ethiopia. Food
& Agriculture.8(1): 2115674.10.1080/2331
1932.2022.2115674

Bhattacharya, E.; Suparna, M.B. (2021). Role of
tartaric acid in the ecology of a zoochoric fruit
species, Tamarindus indica L. International
Journal of Fruit Science. 21(1): 819-825.
10.1080/15538362.2021.1936347

Brito, W.A,; Pereira, K.T.; Nogueira, N.A.; Torres,
S.; Paiva, E. (2020). Evaluation of viability of
Tabebuia aurea seeds through tetrazolium
test. Revista Caatinga. 33(4): 993-999.
10.1590/1983-21252020v33n414rc

Carvalho, S.M.; Torres, S.B.; Sousa, E.C.; Sousa,
D.M.; Pereira, K.T.; Paiva, E.P.; Matias, |.R;
Santos, B.R. (2018). Viability of Carica papaya
L. Seeds by the Tetrazolium Test. The Journal
of Agricultural Science. 10. 335-340.
10.5539/jas.v10n2p335

Cordeiro, L.N.; Bruno, R.D.L.A.; Lima, L.K.S.; De
Andrade, A.P.; Da Silva Belarmino, K.; Alves,

UNIVERSIDAD DE NARINO e-ISSN 2256-2273 Rev. Cienc. Agr. May - August 2023 Volume 40(2): 2205

E.U. (2022). Suitability of tetrazolium test for
Tamarindus indica L. seeds. Semina: Ciéncias
Agrdrias. 43(2): 509-522. 10.5433/1679-
0359.2022v43n2p509

Costa, M.A.; Shimizu, E.S.; Ledo, N.V.; Pinheiro, H.A.
(2018). Seed quality evaluation by tetrazolium
staining of Parkia multijuga Benth. Agricultural
Sciences.9: 1577-1586.10.4236/as.2018.95040

Fandohan, B.; Assogbadjo, A.E.; Kakai, R.G.; Kyndt,
T.; Calwé, E.; Codjia, ].T.; Sinsin, B. (2019).
Women'’s Traditional Knowledge, Use Value,
and the Contribution of Tamarind (Tamarindus
indica L.) to Rural Households’ Cash Income in
Benin. Economic Botany. 64(3): 248-259.
http://dx.doi.org/10.1007 /s12231-010-9123-2

Franca-Neto, ].; Krzyzanowski, F.C. (2019).
Tetrazolium: an important test for physiological
seed quality evaluation. Journal of Seed Science.
41(3): 359-366.
https://doi.org/10.1590/2317-
1545v41n3223104

Gomes, C.D.; De Sa, ].M.; Rodrigues, M.H.; Sousa, V.F;
Bomfim, M.P. (2019). Production of Tamarindus
indica L. seedlings submitted to substrates and
pre-germination methods. Pesq. Agropec. Trop.
49: €54029. https://doi.org/10.1590/1983-
40632019v4954029

Govindappa, M.; Birawat, R.; Raghavendra, V;
Munawer, U.; Ningaraju, S.; Al-Rashed, S,;
Chowdappa, S.; Pugazhendh, A.; Akshatha, K.
(2021). In vitro therapeutic evaluation of
nanoliposome loaded with Xyloglucans
polysaccharides from Tamarindus flower
extract. International Journal of Biological
Macromolecules. 178: 283-295.
10.1016/j.ijbiomac.2021.02.140

Guevara-Ohara, J.E.; Cardozo-Conde, C.1.; Santos-
Meléndez, L.G. (2020). Caracterizacién morfo-
anatomica y protocolo para estimar la viabilidad
de semillas de Psidium guajava. Acta
Agronomica. 69(2): 155-161.
https://doi.org/10.15446/acag.v69n2.65257

(@) ev-ne |



Hernandez-Murillo et al

.- Tamarind tetrazolium test

Liang, H.; Xiong, Y.; Guo, B,; Yan, H.; Jian, S.; Ren,
H.; Zeng, S.; Wu, K;; Silva, |.; Xiong, Y.; Ma, G.
(2020). Effective breaking of dormancy of
Scaevola sericea seeds with seawater,
improved germination, and reliable viability
testing with 2, 3, 5-triphenyl-tetrazolium
chloride. South African Journal of Botany.
132:73-78.10.1016/j.sajb.2020.04.018

Lépez, C.R,; Sarmiento, C.; Espitia, L.; Barrero,
AM.; Consuegra, C.; Gallego, C.B. (2016). 100
plantas del Caribe colombiano. Usar para
conservar: aprendiendo de los habitantes del
bosque seco. Bogota D.C. Colombia: Fondo
Patrimonio Natural. 240 pp.

Maguire, J. D. (1962). Speed of germination-aid
in selection and evaluation for seedling
emergence and vigor. Crop Sci. 2(2): 176-177.
10.2135/cropsci1962.0011183X00020002
0033x

Maia, J.L.; Wurlitzer, N.J.; Lima, ].R.; Borges, M.F.;
Maia, M.O.; Damido, B.S.; Oliveira, L.S. (2021).
Quality and storage stability of tamarind juice.
Brazilian Journal of Food Technology. 24:
€2020027.10.1590/1981-6723.02720

Mancipe-Murillo, C.; Calderén-Hernandez, M.;
Pérez-Martinez, L. (2018). Evaluacién de
viabilidad de semillas de 17 especies tropicales
altoandinas por la prueba de germinacion y
la prueba de tetrazolio. Caldasia. 40(2): 366-
382.10.1544 6/caldasia.v40n2.68251

Marcos-Filho, ]. (2015). Fisiologia de sementes
de plantas cultivadas. 2 edition. Londrina:
Editorial ABRATES. 660p.

Okello, J.; John Bosco, L.; Eilu, G.; Nyeko, P,;
Obua, J. (2018). Morphological variations in
Tamarindus indica LINN. Fruitsand Seed
Traits in the Different Agroecological Zones
of Uganda. International Journal of Ecology.
ID8469156.10.1155/2018/8469156

Paiva, E.; Torres, S.; Almeida, ].P.; S4, F.; Oliveira,
R.R.(2017). Tetrazolium test for the viability
of gherkin seeds. Rev Ciéncia Agronémica.
48(1): 118-124. http://dx.doi.org/10.5935/18
06-6690.20170013

UNIVERSIDAD DE NARINO e-ISSN 2256-2273 Rev. Cienc. Agr. May - August 2023 Volume 40(2): 2205

Pereira, K.T.; Benedito, C.P.; Paiva, E.P.; Souza
Neta, M.L.; Torres, S.B. (2020). Physiological
quality evaluation of Piptadenia stipulacea
(Benth.) Ducke seeds by tetrazolium test.
Rev Ciéncia Agronémica. 51(1): e20196712.
10.5935/1806-6690.20200019

Salazar, S.A.; Botello, E.A.; Quintero, ].D. (2020).
Optimizacién de la prueba de tetrazolio para
evaluar la viabilidad en semillas de Solanum
lycopersicum L. Revista de Ciencia y Tecnologia
Agropecuaria. 21(3): e1344.
https://doi.org/10.21930/rcta.vol21_num3
_art:1344

SAS-Institute Inc. (2013). SAS/STAT 9.4 User's
Guide. Cary, NC: SAS Institute Inc.

Silva, G.P.; Sales, ].; Zuchi, ].; Telles, K.J.; Vinhais,
M.M.; Rodrigues, A.A. (2021). Physiological
Quality of Stored Dipteryx alata Vogel Seeds:
Tetrazolium Test and Radiographic Imaging
Standardization. Floresta e Ambiente. 28(3):
e20200022. https://doi.org/10.1590/2179-
8087-FLORAM-2020-0022

Souza, A.D.; Nogueira, N.; Torres, S.; Benedito, C.P.;
De Souza, M.; De Paiva, E. (2018). Tetrazolium
test to estimate okra (Abelmoschus esculentus
(L) MOENCH) seed viability. Rev. Caatinga.
31(4): 817822. https://doi.org/10.1590/1983-
21252018v31n403rc

Yousif, M.A.; Wang, Y.R.; Dali, Ch. (2020). Seed
dormancy overcoming and seed coat structure
change in Leucaena leucocephala and Acacia

nilética. Forest Science and Technology. 6(1):
18-25.10.1080/21580103.2019.1700832

Zuffo, A.M.; Steiner, F.; Busch, F.; Zuffo-]Jtnior, ].M.;
Mendes, A.; Oliveira, N.; Zambiazzi, E. (2018).
Quality of soybean seeds in response to
nitrogen fertilization and inoculation with
Bradyrhizobium japonicum. Pesqui. Agropecu.
Trop. Goidnia. 48(3): 261-270.
10.1590/1983-40632018v4851638

(@) ev-ne |


https://doi.org/10.1016/j.sajb.2020.04.018
https://doi.org/10.1155/2018/8469156
http://dx.doi.org/10.5935/1806-6690.20170013
http://dx.doi.org/10.5935/1806-6690.20200019
https://doi.org/10.21930/rcta.vol21_num3_art:1344
https://doi.org/10.1590/2179-8087-FLORAM-2020-0022
https://doi.org/10.1590/2179-8087-FLORAM-2020-0022
https://doi.org/10.1590/1983-21252018v31n403rc
https://doi.org/10.1080/21580103.2019.1700832

