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ABSTRACT: Campomanesia phaea has commercial interest because its fruits are used in the 
manufacture of several products, besides its high nutritional potential. Nevertheless, it has low 
germination potential and there is not much information in the literature. The aim of this study 
was to perform a biometric characterization and to establish the tetrazolium test for cambuci 
seeds. Seeds obtained from two collection periods were subjected to biometric evaluations 
(seed length, thickness, width and mass), water content, determination of the soaking curve 
and tetrazolium test. The soaking curve was performed with non-scarified seeds and seeds 
subjected to two scarification methods, mechanical and chemical. The tetrazolium test was 
performed soaking the seeds in a solution of 2, 3, 5 triphenyl tetrazolium chloride salt at 0.75, 
1.00 and 1.50% for 4, 8 and 12 hours. After this period, the seeds were categorized as viable and 
non-viable. It was concluded that the cambuci seeds presented biometric differences between 
the two collection periods, because of the different water contents. There was no difference in 
the soaking curve among the three treatments tested and the solution of 0.75% for four hours 
in a water bath at 38 oC was considered the best for performing the tetrazolium test.

Index terms: seed viability, soaking curve, Campomanesia phaea, germination test.

RESUMO: Campomanesia phaea possui interesse comercial devido aos seus frutos serem 
utilizados na fabricação de vários produtos, além do seu alto potencial nutricional. No 
entanto, possui baixo potencial germinativo e há pouca informação na literatura. O objetivo 
desse trabalho foi caracterizar biometricamente e estabelecer o teste de tetrazólio para 
sementes de cambuci. Sementes provenientes de duas épocas de coleta foram submetidas 
a avaliações biométricas (comprimento, espessura, largura e massa de sementes), teor 
de água, obtenção da curva de embebição e teste de tetrazólio. A curva de embebição 
foi realizada com sementes não escarificadas e sementes submetidas a dois métodos de 
escarificação, mecânica e química. O teste de tetrazólio foi realizado com embebição das 
sementes em solução de sal cloreto de 2, 3, 5 trifenil tetrazólio a 0,75; 1,00 e 1,50% durante 
4, 8 e 12 horas, classificando-as como viáveis e inviáveis. Conclui-se que as sementes de 
cambuci apresentaram diferenças biométricas entre as duas épocas de coleta, devido aos 
diferentes teores de água. Nenhuma diferença ocorreu em relação à curva de embebição 
para os três tratamentos avaliados e a solução de 0,75% durante quatro horas em banho-
maria, à 38 °C, foi considerada a melhor para realização do teste de tetrazólio. 

Termos para indexação: viabilidade de sementes, curva de embebição, Campomanesia 
phaea, teste de germinação.

Caracterização biométrica e teste de tetrazólio em sementes de 
Campomanesia phaea O. Berg. Landrum
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INTRODUCTION

The cambuci fruit tree (Campomanesia phaea O. Berg. Landrum), a species belonging to the family Myrtaceae, 
native to the Brazilian Atlantic Forest (Lorenzi et al., 2006; Landrum and Kawasaki, 1997), being found throughout 
the Southeast region (Minas Gerais, São Paulo, Rio de Janeiro) (Oliveira et al., 2020).  Genera such as Eugenia, 
Campomanesia, Psidium, and Myrciaria are extremely relevant and include the species of greatest economic interest 
(Maluf and Pisciottano-Ereio, 2005).

The cambucizeiro has a stem with a peeling aspect, glabrous leaves or covered with trichomes and its fruits are 
disc-shaped, when ripe they have green coloring (Oliveira et al., 2020) has fruit which can be consumed in natura, in 
the form of jams, juices, among others, with high concentrations of ascorbic acid, minerals, fibers, flavonoids, sodium, 
potassium, phosphor, magnesium and calcium (Lorenzi, 2002; Vallilo et al., 2005; Bianchini et al., 2016; Tokairin et al., 
2018), proven therapeutic effect (Wczassek et al., 2019), other study showed that phenolic compounds from cambuci 
have a potentially actions protecting mice from a high-fat, high-sucrose diet-induced glucose intolerance and adipose 
tissue inflammation (Donado-Pestana et al., 2015).

The fruits are unique in the genus, characteristically ovoid-rhomboidal with a horizontal ridge. They have a 
strong sweet scent but are extremely sour like lemons. The mature fruits are green, fleshy, soft and each fruit there 
are usually 1-4 seeds and only a few of these germinate. Seed germination and seedling development are very slow 
(Kawasaki and Landrum, 1997). The biometry of native species is of great relevance for the differentiation of these 
species in the field (Cunha-Silva et al., 2012). In addition, knowledge of the physical characteristics of the seed is 
important for its conservation and exploitation, addition to being a tool for the detection of genetic variability within 
a population of the same species (Silva et al., 2014).

Its seeds are oblate, pale-white and low and slow germination potential (Santoro et al., 2020), which can interfere 
in the occurrence of a probable dormancy in them (Lorenzi, 2002), although there are no works in the literature that 
can prove it. Dormancy prevents the germination of viable seeds, even if they are in favorable environmental conditions 
(Carvalho and Nakagawa, 2012; Cipriani et al., 2019) and it might have endogenous and exogenous causes, which may 
be beneficial, for extending the germination period until there are favorable conditions, consisting in a mechanism 
for species perpetuation (Marcos-Filho, 2015). Nonetheless, when the goal is seedling production, dormancy is an 
undesirable characteristic, since seedling germination and emergence will be slow and uneven, promoting a longer 
time of exposure to adverse conditions (Azerêdo et al., 2010).

In order to be successful in cambuci tree seedling production using seeds, it becomes crucial to correlate all aspects 
involved in germination (water, light, pH, temperature, soil moisture, dormancy and viability), since this is one of the 
most important stages in plants life cycle (Cosmo et al., 2017; Ghaderi-Far et al., 2010).

To determine seed viability, the tetrazolium test can be performed (Brasil, 2009), which is faster in comparison with 
the germination test and provides a diagnosis of seed quality, such as the mechanical damages, those caused by insects 
and those from weathering in pre-harvest and from deterioration during storage (França-Neto and Krzyzanowski, 2019). 

The tetrazolium is a test indirectly determines the respiratory activity in the seed tissues (França-Neto and 
Krzyzanowski, 2019). The test relies on the activity of dehydrogenase enzymes, which catalyze respiratory reactions in 
the mitochondria, glycolysis and citric acid or Krebs cycle. When a seed is in contact with the colorless the tetrazolium 
salt solution, the solution penetrates the seed tissues where it interferes with the reduction processes of the living cells 
by accepting a hydrogen ion. In the reduced form, the tetrazolium salt is a red-colored, stable, nondiffusible substance 
called triphenylformazan or formazan (França-Neto and Krzyzanowski, 2019).

The tetrazolium test enables the inference of the maximum germination potential of a seed lot without the need 
to wait until a certain physiological event occurs, streamlining decision-making in relation to sowing or not a seed lot 
for seedling production, something very relevant for native species, especially those which present dormancy. Given 
the importance of this test, studies aiming at establishing a methodology for its performance are necessary. Some 
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parameters such as soaking time, tetrazolium salt concentration and soaking temperature might vary among species, 
mainly among the native ones, such as Helianthus annuus (Silva et al., 2013), Plinia cauliflora (Hössel et al., 2013), Acca 
sellowiana (Sarmento et al., 2013), Eugenia brasiliensis, Eugenia pyriformis (Lamarca and Barbedo, 2014), and Eugenia 
uniflora (Kaiser et al., 2014).

Considering the importance of biometric analysis and the potential for using tetrazolium for the previous assessment 
of the physiological potential of cambuci seeds, the purpose of this study was to perform a biometric characterization 
of seeds, as well as to establish the variables for the determination of the methodology of the tetrazolium test, aiming 
at verifying the viability of these seeds in a fast and trustworthy way.

MATERIAL AND METHODS

The fruits of cambuci (C. phaea O. Berg) were collected in the region of Vale do Paraíba, in the city of Natividade 
da Serra, SP (23°31’27” S, 45°27’12” W, 720 meters) climate cwa (humid subtropical, with dry winter and hot summer 
(Alvares et al., 2014)), in two periods (5/7/2019 and 6/7/2019). The climate is humid subject to the Atlantic tropical 
mass (Gomiero et al., 2007). The fruits were collected from different matrices, from a commercial production batch 
and had the same color. The seeds were manually extracted from ripe fruit, washed in running water with the aid of a 
sieve and arranged in a single layer in an environment with no control of temperature and relative humidity of the air 
for superficial drying. The seeds were subjected to biometric evaluations (length, thickness, width and mass), water 
content, determination of the soaking curve and the tetrazolium test.

A total of five replicates of 200 seeds from each collection were used for the determination of length, thickness, 
width and mass, employing a digital pachymeter (0.01 mm) and a precision scale (0.0001 g). For length, the largest 
measure of the seed axis was considered, from base to apex; width and thickness were obtained in the largest portion. 
The biometric data were submitted to the t Test, at 5% of probability and regarding the existence of a correlation 
among the parameters, the data were evaluated by the Spearman’s Correlation Coefficient, all performed with the 
statistical program BioEstat 5.3.

To obtain the water content of the seeds in the different collection periods, the oven method was used, placing 
four replicates of fifty seeds in an oven at 105 oC for 24 hours. The results were expressed on wet basis (Brasil, 2009). 

In order to verify whether the seeds presented waterproof seed coat, as well as the time they would take to reach 
the end of phase II of the germination process, helping in the definition of the procedures for the tetrazolium test, 
soaking curves were determined for non-scarified seeds (control) and seeds subjected to two scarification methods, 
mechanical (perforation on the opposite side to the hilum) and chemical (immersion in 99% sulfuric acid for one 
minute). A total of four replicates of 25 seeds for each treatment of the first collection were used, which were immersed 
in distilled water and maintained in chambers of the B.O.D. type at 25 °C. Mass gain was determined every hour at the 
first 24 hours of soaking and every 24 hours until the end of the assay, always drying the seeds on absorbent paper 
before weighing. Soaking was considered as the rise in mass in relation to the initial mass. The data were subjected to 
an analysis of variance by the F test and the comparison of the means by the Tukey’s test, at 5% of probability, by the 
statistical program BioEstat 5.3.

In the evaluation of the tetrazolium test, seeds from the two collection periods were used, which were immersed 
in distilled water for sixteen hours, in B.O.D. at 25 °C, to ensure that all were swollen. Each treatment was composed 
of two replicates of 25 seeds for each collection, which were cut longitudinally and immersed in a tetrazolium 
solution (2, 3, 5 triphenyl-tetrazolium chloride) at the concentrations of 0.75, 1.00 or 1.50%, and maintained in water 
bath at 38 °C, for 4, 8 or 12 hours. After these periods, they were washed in running water and stayed submerged in 
water until the moment of evaluation. 

The seeds were examined regarding extension, position and intensity of the reddish tones and the presence of 
milky-white areas. The seeds whose embryo presented reddish/pinkish coloration were considered viable and those 

Journal of Seed Science, v.43, e202143013, 2021

3Biometry and tetrazolium in cambuci seeds



with white/milky coloration were considered non-viable. The data were subjected to an analysis of variance by the F 
test, and for the comparison of the means, to the Tukey’s Test, at 5% of probability, by the statistical program BioEstat 
5.3, in a 3 x 3 factorial scheme (3 tetrazolium concentrations x 3 soaking periods).

For the confirmation of the tetrazolium test, four replicates of fifty seeds from the first collection were treated 
with the fungicide Thiram 200SC (2.5 mL of the product for 1000 grams) and arranged to germinate in Germitest® 
paper, moistened with water, at the proportion of 2.5 times the weight of the dry paper (Brasil, 2009). The test was 
maintained in a chamber of the B.O.D type at 25 °C, for sixty days, with the germination percentage of these seeds 
(emission of 2 mm of radicle) being evaluated in the end. The Germination Speed Index (GSI) was calculated according 
to Maguire, 1962, and Average Germination Time (AGT) in days (Labouriau, 1983).

RESULTS AND DISCUSSION

The seeds derived from the second collection presented inferior values in all biometric variables; nevertheless, 
only thickness and mass were statistically different from those obtained in the first collection. Among the parameters 
evaluated, width was the most heterogeneous variable, with the highest values of standard deviation, whereas mass 
was the most stable, with the lowest values for this variable (Table 1). 

According to the correlation analysis (Table 2), in the first collection there was no significant correlation among 
the variables; conversely, in the second collection there was a significant correlation between length and width of the 
cambuci seeds. The seeds presented a mean of 18.55% and 5.45% of water content, in the first and second collections, 

Table 1. Mean of the measures of length (mm), thickness (mm), width (mm) and mass (g/seed) of C. phaea seeds 
derived from the first and second collections.

Length (mm) Thickness (mm) Width (mm) Mass (g/seed)
1st 

collection
2nd 

collection
1st 

collection
2nd 

collection
1st 

collection
2nd 

collection
1st 

collection
2nd 

collection
Mean    7.14 A    7.10 A    2.10 A    1.92 B    6.63 A    5.97 A    0.040 A    0.036 B

Maximum 9.07 9.02 3.33 2.97 8.70 7.83 0.045 0.037
Minimum 5.49 5.57 1.35 1.06 4.13 4.11 0.034 0.035

Standard Deviation 0.05 0.13 0.05 0.01 1.4 0.12 0.004 0.001
Means followed by the same letter do not differ from each other by the t Test at 5% of probability.

Table 2. Spearman’s correlation (rs) for the biometric variables of the C. phaea seeds derived from the first and second 
collections.

Correlated variables 1st collection
rs

2nd collection
rs

Length x width 0.4033  0.4494*
Length x thickness 0.0308 0.0935

Length x mass 0.0591 0.0320
Width x thickness 0.0112 0.0896

Width x mass 0.0236 0.0183
Thickness x mass 0.0473 -0.0079

*Highly significant considering the value of p.
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respectively. This water loss it is a feature of orthodox seeds, represents a pre-programmed phase of drying (or 
desiccation) in seed maturation (Castro et al., 2004).

Biometric characteristics are important in the classification and evaluation of the quality of the seeds, since in 
some cases, those fully developed seeds are related to those with the biggest size, resulting in a higher germination 
percentage with the formation of more vigorous plants (Sarmento et al., 2018) since they have a better-formed embryo 
and a greater accumulation of reserves (Carvalho and Nakagawa, 2012), an important feature for the commercial 
production of seedlings of this species.

For this reason, classifying the seeds by size can be a technique used to standardize the emergence of seedlings and 
the size of the juvenile plants (Carvalho and Nakagawa, 2012), besides being an important tool to allow the identification 
of genetic variability inside populations of the same species and the correlations with environmental factors (Sarmento 
et al., 2018). According to Silva et al. (2014), the knowledge of fruit and seed biometry is a basic requirement to allow 
the conservation and exploration of a species. Many species have already been biometrically characterized; among 
them, species from the family Myrtaceae, such as, for instance, Campomanesia adamantium (gabiroba) (Dresch et al., 
2013) and Acca sellowiana (goiabeira-serrana) (Sarmento et al., 2018).

In this work, water content was the main factor responsible for the difference in the size and mass of the cambuci 
seeds (Table 1), variables that can also be affected by the variation among fruit from individuals from the same species 
and in the same plant (Vaughton and Ramsey, 1998). 

The non-scarified seeds (control), chemical (immersion in sulfuric acid for one minute) and physical (perforation 
on the opposite side to the hilum) scarification did not present differences in the soaking curves (Figures 1A and B). 
Only in the four initial hours, in the seeds subjected to the physical scarification, soaking was lower, thus showing that 
this species does not present seed coat dormancy. Bewley and Black (1994) highlighted that the soaking capacity of the 
seeds is fundamental in the germination process, since water is a limiting factor and a poor absorption can compromise 
germination, which is composed of the soaking stages (phase I), activation of the metabolic processes and degradation of 
the reserves into simpler substances (phase II) and the beginning of the embryo’s growth (phase III) (Costa et al., 2011).

The soaking curve (Figure 1A) determined the time of 16 hours for the cambuci seeds (when they had a water 
content of 14.7% in the control, 14.9% in the chemical scarification and of 15.2% in the physical scarification) as the 
ideal to perform the tetrazolium test, since in this period the seeds reached a plateau in water content, increasing 
slowly for a period known as the phase of preparation and activation of the metabolism, which are required for the 
embryo’s development (Cardoso, 2004).

A: until 244 hours; B: until 72 hours (to allow better visualization of the soaking curve in the initial imbibition hours).

Figure 1. Soaking curve of the C. phaea seeds, without scarification (control), mechanical scarification (perforation on 
the opposite side to the hilum) and chemical scarification (immersion in sulfuric acid for one minute).
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A higher soaking time than that obtained in this work was reported for germination phase I in Psidium guineense 
seeds, which was of thirty hours (Santos et al., 2015). In Annona emarginata seeds, the change from phase I to phase 
II of germination only occurs when water content between 27.85% and 28.35% is reached (Costa et al., 2011), superior 
values to those found for cambuci seeds. For Campomanesia adamantium, phase I was of fifty hours and after seventy 
hours of soaking, there was primary root emission characterizing the end of phase II, which is considered short (Leão-
Araújo et al., 2019).

The most used test to estimate seed viability is the germination test; nevertheless, in the Rules for Seed Testing 
(Brasil, 2009), information on the procedures for the conduction of this test for native forest species are scarce, 
requiring other rapid tests for the evaluation of seed viability. The establishment of an efficient methodology for the 
tetrazolium test becomes extremely important to perform a quick, economical and trustworthy test (Corte et al., 2010). 
Nonetheless, there was no information on the establishment of this test for cambuci, making it so important.

Based on the results obtained in the tetrazolium test, it was possible to divide the seeds into two classes regarding 
viability, according to the intensity, size and position of the color of the tissue and also the appearance of tissue of 
the seeds: viable seeds, those which presented reddish/pinkish coloration in the embryo and firm tissue (living and 
vigorous tissue); and non-viable seeds, those which presented milky-white coloration and also the presence of flaccid, 
soft tissues (dead tissue) (Figure 2) (Sarmento et al., 2013). The presence of only two classifications (viable and non-
viable) was also found in other species, such as Araucaria angustifolia (Silva et al., 2016), Passiflora elegans (Silva et 
al., 2019), Piptadenia moniliformis (Azerêdo et al, 2011) and the hybrid Annona cherimola Mill. x Annona squamosa L. 
(Gimenez et al., 2014).

In the evaluation of the different concentrations of tetrazolium solution at the different coloration times, no statistical 
difference was observed among the concentrations (0.75, 1.00 and 1.50%) and among the coloration times (4, 8 and 12 
hours) in the first and second collections (Tables 3 and 4). In the two collection periods, all tetrazolium concentrations 
(0.75, 1.00 and 1.50%,) at the different times (4, 8 and 12 hours) were efficient for the evaluation of the test (Figure 2).

In the present study, the means of viable seeds were above 85% in the first collection and above 86% in the second. 
Nonetheless, around 12% of the seeds, in the first collection, remained without the presence of coloration, regardless 
of the concentration of the tetrazolium solution and of the time of reaction, thus demonstrating their nonviability. The 
data from the first period support those observed by the germination test, the latter had a germination of 89,0%, the 
average germination time was 84,0 days and germination speed index was 1.56 days.

In Figure 3, the classification of the levels of viability established in the tetrazolium test are presented, and in A, B, 
C, D, E and F are the seeds classified as viable, and in G, H, I, J and K are the seeds classified as non-viable, presenting 
the milky-white coloration.

Table 3. Percentage of viability in C. phaea seeds derived from the first collection after 4, 8 and 12 hours in tetrazolium 
solution at the concentrations of 0.75%, 1.00% and 1.50%, respectively.

Concentration
Time of soaking in the tetrazolium solution

Viable (%) Non-viable (%)
4h 8h 12h 4h 8h 12h

0.75 78 Aa 88 Aa 90 Aa 22 Aa 12 Aa 10 Aa
1.00 86 Aa 88 Aa 90 Aa 14 Aa 12 Aa 10 Aa
1.50 92 Aa 86 Aa 92 Aa   8 Aa 14 Aa   8 Aa

General Mean 85.3 87.3 90.6 14.6 12.6 9.3
CV (%) 10.7 81.6

*Same capital letters in the columns and lowercase letters in the lines do not differ from each other by the Tukey’s Test at 5% of probability.
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Table 4. Percentage of viability in C. phaea seeds derived from the second collection after 4, 8 and 12 hours in 
tetrazolium solution at the concentrations of 0.75%, 1,00% and 1,50%, respectively.

Concentration
Time of soaking in the tetrazolium solution

Viable (%) Non-viable (%)
4h 8h 12h 4h 8h 12h

0.75 88 Aa 76 Aa 90 Aa 12 Aa 12 Aa 10 Aa
1.00 92 Aa 92 Aa 94 Aa   8 Aa   8 Aa   6 Aa
1.50 94 Aa 92 Aa 96 Aa   6 Aa   6 Aa   4 Aa

General Mean 91.3 86.6 93.3 8.6 8.6 6.6
CV (%) 11.75 73.8

*Same capital letters in the columns and lowercase letters in the lines do not differ from each other by the Tukey’s Test at 5% of probability.

A, B and C: seeds after four hours in tetrazolium solution at the concentrations of 0.75%, 1,00% and 1.50%, respectively. D, E and F: seeds after eight 
hours in tetrazolium solution at the concentrations of 0.75%, 1,00% and 1.50%, respectively. G, H and I: seeds after twelve hours in tetrazolium solution 

at the concentrations of 0.75%, 1,00% and 1.50%, respectively. Viable seeds presenting reddish/pinkish coloration in the embryo (first row from the 
top to the bottom) and non-viable seeds with milky-white coloration (second row from the bottom to the top). Scale = 1cm.

Figure 2. Classes of C. phaea seeds obtained in the tetrazolium test at different times and salt concentrations.

The concentration of the tetrazolium salt and the exposure time vary according to species. For seeds from Eugenia 
uniflora and Eugenia involucrata, the solution at 0.50% of tetrazolium for two hours was indicated (Kaiser et al., 2014; 
Cripa et al., 2014), for Eugenia brasiliensis, the concentration of 0.25% for three hours, and at 0.10% for two hours for 
the seeds from Eugenia pyriformis (Lamarca and Barbedo, 2014). For Tabebuia roseoalba, 0.05% for 24 hours (Abbade 
and Takaki, 2014) and for Leucaena leucocephala, 0.15% for two hours is recommended (Costa and Santos, 2010). 

In the two collection periods, in all tetrazolium concentrations (0.75, 1.00 and 1.50%,) and at the different times 
(4, 8 and 12 hours), the test was efficient for the evaluation of seed viability (Figure 2), a result supported by the 
germination test in the first period. Therefore, the authors indicate the use of tetrazolium at the concentration of 
0.75% for four hours as the efficient methodology for cambuci seed viability, since the lowest concentration will use 
less tetrazolium salt, and with the shortest time, the test will be streamlined.
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The cambuci seeds presented a peculiarity, around 1.50% of the seeds presented double embryo. Evaluating the 
tetrazolium test, it was possible to observe that in the same double-embryo seed, one embryo was viable and the 
other, non-viable (Figure 4 A), or both embryos were either viable or non-viable (Figures 4 B and 4 C). Nevertheless, in 
the literature there are no reports on the occurrence of polyembryony in C. phaea; however, in species from the family 
Myrtaceae, cases of polyembryony can be observed, for instance, in seeds from malay apple (Syzygium malaccense) 
(Landrum and Kawasaki, 1997; Gurgel and Soubihe Sobrinho, 1951). 

In summary, water content was the main factor responsible for the difference in the size and mass of the 
Campomanesia phaea seeds and the soaking curves showed that this species does not present seed coat dormancy. All 
tetrazolium concentrations at the different times were efficient for the evaluation of the test in cambuci seeds. So, the 
authors indicate the use of tetrazolium at the concentration of 0.75% for four hours, since the lowest concentration will 
use less tetrazolium salt, and with the shortest time, the test will be streamlined.

A, B, C, D, E and F: viable seeds presenting reddish/pinkish coloration in the embryo. G, H, I, J, K and L: non-viable seeds with milky-white 
coloration. Scale = 1cm.

Figure 3. Classes of C. phaea seeds obtained in the tetrazolium test.

A: seeds with double embryo after the tetrazolium test, with one viable embryo and the other non-viable. B: seeds with double embryo after 
the tetrazolium test, with both embryos viable. C: cambuci seeds with one embryo and with two embryos. Scale = 1cm.

Figure 4. Classes of C. phaea seeds with double embryo. 
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CONCLUSIONS

The different water contents in the seeds of Campomanesia phaea are determinant in their biometric parameters, 
regardless of the period of collection.

The use of the concentration of 0.75% of the 2, 3, 5 triphenyl tetrazolium chloride salt, for four hours, in water bath, 
at 38 °C, is recommended to perform the tetrazolium test in cambuci seeds. 
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