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ROOT PROTRUSION IN QUALITY EVALUATION OF CHIA SEEDS'

IZABELA CRISTINA DE OLIVEIRA? CARLOS HENRIQUE QUEIROZ REGO?, FERNANDA BRITO CARDOSO?,
ALAN MARIO ZUFFO? ANA CARINA DA SILVA CANDIDO?, CHARLINE ZARATIN ALVES?*

ABSTRACT - The root protrusion test is a vigor test based on the principle that seeds with high vigor emit the
primary root faster than less vigorous ones. Chia is a plant propagated by seeds and it is studied owing to its
health benefits, but there is little technical information known about its culture. The objective of this work was
to adapt the methodology of the root protrusion test to determine the vigor of chia seed lots. Five chia seed lots
were submitted to an initial quality evaluation using germination and vigor tests (first germination, emergence,
and emergence speed index). The root protrusion test was performed at temperatures of 20, 25 and 30 °C and
evaluated every 2 h up to 42 h. During the test, protrusion stability was assessed and the criterion of 2 mm
primary root count was used. The root protrusion test at 20 °C did not distinguish the lots in the same way as
emergence. At 25 °C it was possible to classify lots after 30 h similarly to emergence. At 30 °C, root protrusion
and the separation of seed lots was accelerated. Thus, the root protrusion test conducted for 30 h at 25 °C has
sufficient sensitivity to detect differences in vigor between chia seed lots.

Keywords: Salvia hispanica. Vigor. Primary root.
PROTRUSAO RADICULAR NA QUALIDADE DE SEMENTES DE CHIA

RESUMO - O teste de protrusdo radicular é um teste de vigor, baseando no principio de que sementes com alto
vigor emitem a raiz primaria mais rapido em comparagdo com as menos vigorosas. A chia ¢ uma planta
propagada por sementes, sendo motivo de pesquisa pelos seus beneficios a saude, mas com poucas informagdes
técnicas sobre a cultura. O objetivo do trabalho foi adequar a metodologia do teste de protrusdo radicular para
determinagd@o do vigor de lotes de sementes de chia. Utilizou-se cinco lotes de sementes de chia, submetidos a
avaliacdo da qualidade inicial por meio dos testes de germinagdo e vigor (primeira contagem de germinacao,
emergéncia ¢ indice de velocidade de emergéncia). O teste de protrusdo radicular foi realizado nas temperaturas
de 20, 25 ¢ 30 °C, e avaliado a cada duas horas até 42 horas, onde se obteve a estabilidade da protrusdo, ¢ sendo
utilizado o critério de contagem de 2 mm de raiz primaria. O teste de protrusdo radicular na temperatura de 20
°C nao distinguiu os lotes semelhantes a emergéncia. A 25 °C, foi possivel classificar os lotes de forma
semelhante a emergéncia apos 30 horas. A temperatura de 30 °C foi eficiente na aceleracdo da protrusao
radicular e separacgao dos lotes de sementes. O teste de protrusdo radicular é sensivel para detectar diferencas de
vigor entre os lotes de sementes de chia, devendo ser conduzido por 30 horas a 25 °C.
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INTRODUCTION

Chia (Salvia hispanica L.) is a plant
belonging to the Lamiaceae family and has been
used since pre-Columbian times as a staple food by
Central ~ American  civilizations = (AYERZA,;
COATES, 2011). It is propagated through seeds and
has been the subject of scientific research owing to
its health benefits, high protein content, and
nutritional value (SANDOVAL-OLIVEROS;
PAREDES-LOPES, 2013).

In Brazil, chia cultivation has shown good
results in western Parand and northwest of Rio
Grande do Sul, despite the lack of technical
information about the crop (MIGLIAVACCA et al.,
2014). With the emergence of new commercial areas
of cultivation, information on the emergence and
establishment of the crop would facilitate
management and reduce risks to invested capital
(HOFS et al., 2004).

The germination test has limitations in its
ability to differentiate lots and there is a delay in
obtaining the results. Consequently, more reliable
and faster tests of vigor have been developed, which
expedite decisions (CUSTODIO, 2005). The
relationship between vigor tests and establishment of
field seedlings is frequently used to assess the
validity of the laboratory results (LEAL et al., 2012).

Primary root protrusion or emission is part of
the seed germination process, occurring after water
absorption and resumption of physiological events
(NONOGAKI, 2006). It can be identified by the
elongation of the embryonic axis (BEWLEY;
BLACK, 1982) and its rate of occurrence depends on
the characteristics of each species and the chemical
composition and permeability of the integument
(ALBUQUERAQUE et al., 2009). The root protrusion
test is a vigor test, based on the principle that seeds
with higher vigor emit the primary root faster than
less vigorous ones (PEREIRA et al., 2012).

In a study by Wrasse et al. (2009) using rice
seeds (Oryza sativa), the root protrusion test was
able to classify lots according to their physiological
quality. A similar result was obtained by Rocha et al.
(2016), in which the root protrusion test exhibited
sensitivity in the detection of differences in moringa
seed lots (Moringa oleifera Lam.). Martinelli-
Seneme et al. (2004) also observed that the root
protrusion test was promising in the differentiation
of pelleted tomato seed lots (Solanum lycopersicum).

Nowadays, there is a growing tendency to
develop tests that can quickly measure the viability
and vigor of seed lots, eliminating human
subjectivity and allowing quick decision making in
the planning and planting of the crop. Thus, the
objective of this work was to adapt the methodology
of the root protrusion test to determine the vigor of
chia seed lots.

MATERIAL AND METHODS

Five lots of commercially available chia seeds
were used. Their water content was determined and
an initial quality evaluation performed using
germination, first germination count, emergence, and
emergence speed index tests. The statistical design
was completely randomized, with five treatments
and four replicates. The greenhouse method was
used to determine the water content of the lots at 105
+ 3 °C for 24 h, using two replicates each containing
2 g (BRASIL, 2009).

The germination test was carried out with
four replicates of 50 seeds in a transparent gerbox
(11.5 x 11.5 x 3.5 cm) containing a blotting paper
sheet moistened with distilled water, which had 2.5
times the mass of the non-hydrated paper, and seeds
were allowed to germinate at a constant temperature
of 25 £ 2 °C (BRASIL, 2009). The evaluation was
performed seven days after the test was begun and
the results were expressed as percentage of normal
seedlings. The first germination count was
performed together with the germination test when
the percentage of normal seedlings obtained four
days after test commencement was computed. The
fourth day was chosen based on reports by Possenti
et al. (2016); Stefanello et al. (2015), who stated that
the germination of chia seeds showed little
difference between seven and fourteen days, already
reaching high values with seven days.

For the emergence test, four replicates of 50
seeds per treatment were used, seeded in trays of
expanded polystyrene with 200 cells containing
commercial substrate and conditioned in a
greenhouse with twice daily watering. The counting
was performed at seven days and the results were
expressed as percentage of normal emerged
seedlings. Together with the emergence test, the
emergence speed index was evaluated according to
the formula proposed by Maguire (1962).

In the root protrusion test, 50 seeds were
placed in each gerbox with blotting paper previously
moistened with 5 mL of distilled water. The boxes
were conditioned in germination at temperatures of
20, 25 and 30 °C. The evaluations were performed
every 2 h up to 42 h, with protrusion stability being
assessed and the protrusion of 2 mm of primary root
used as a counting criterion.

Two evaluation criteria were adopted: root
protrusion emission precocity index (RPEPI) and
percentage of seeds that emitted primary root (EPR).
The RPEPI was calculated using the formula
proposed by Maguire (1962): RPEPI = E1/N1 + E2/
N2 + ... En/Nn (where: RPEPI = root protrusion
emission precocity index; E1, E2,... En = number of
seeds that emitted the primary root (> 2 mm) in the
first, second and at counts; N1, N2, ... Nn = period
in hours that the first, second and n™ counts were
performed). Primary root emission (EPR) was
measured as the number of seeds that emitted the
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primary root (> 2 mm) every 2 h from the
commencement of the test up to 42 h.

Data were checked to assess normality and
homogeneity and then evaluated using analysis of
variance; means were compared using the Scott-
Knott test at 5% probability, employing the statistical
program Sisvar.

RESULTS AND DISCUSSION

The difference in moisture content between
chia seed lots was one percentage point at most
(Table 1). This was considered acceptable because it
was less than the maximum allowed variation of two
percentage points, according to Marcos-Filho (2015).
The germination test indicated lots 1, 2, and 3 as the
ones with the highest germinative potential, while
lots 4 and 5 had low potential (Table 1). In the first
germination count test, lot 1 was determined to have
the highest vigor; lots 3, 4 and 5 were the least
vigorous, and lot 2 was considered to have
intermediate or medium vigor (Table 1).

Table 1. Level of moisture, germination (GERM), first germination count (FGC), seedling emergence (EMER) and

emergence speed index (ESI) of five lots of chia seeds.

GERM FGC EMER ESI

LOTS MOISTURE (%) %) o % *
1 8.22 86a 57a 51b 0.61b
2 8.64 88a 20 81a 1.00 a
3 9.09 87a 3lc 83a l.14a
4 9.11 72b 25¢ 56b 0.82b
5 9.22 72b 19¢ 52b 0.78b
F - 15.90* 20.62* 23.87* 5.63*

CV (%) - 5.04 18.57 10.14 19.96

*significant by F test. Means followed by the same letter in the column do not differ by Scott-Knott test

at 5% probability. CV - coefficient of variation.

The emergence (EMER) and emergence
speed indexes (ESI) highlighted lots 2 and 3 as the
most vigorous, while lots 1, 4 and 5 were considered
to have less vigor (Table 1). The physiological
potential of the seeds is a result of the interaction of
genetic, physiological, and health factors.
Germination and vigor information obtained in the
laboratory should allow for the comparison of seed
lots and evaluation of their probability of success
after sowing. Evaluating to what extent the potential
identified in the laboratory manifests in the field will
provide information on the efficiency of the method
used to compare lots in the laboratory (MARCOS-
FILHO, 2015).

The root protrusion test performed at 20 °C
(Table 2) did not distinguish the lots in the same way
as emergence and should not be used to classify the
vigor of chia seed lots. Stratification of the lots at 20
°C was possible after 32 h and indicated that lot 2
was the most vigorous, while lot 5 was the least
vigorous and lots 1, 3, and 4 showed intermediate
values for vigor (Table 2). Conducting the test at a
temperature of 20 °C resulted in an increase in the
time required for root protrusion, explained by the
fact that temperature influences both germination
percentage and speed, and interferes with water
absorption and chemical reactions (CARVALHO;
NAKAGAWA, 2012).

Table 2. Percentage of root protrusion at 20 °C in five lots of chia seeds.

18 20 22 24 26 28
Lots
Hours
1 0 0 0 0 2 3
2 0 0 0 0 3 3
3 0 0 0 0 0 0
4 0 0 0 0 1 1
5 0 0 0 0 0 0
F - - - - 1.95™ 1.14™
CV (%) - - - - 182.57 180.95
30 32 34 36 38 40 42
Lots Hours
1 7b 23b 37¢ 58Db 6b 67b 68 b
2 18a 63 a 73 a 85a 89 a 90 a 90 a
3 6b 27b 47b 60 b 65b 66 b 67b
4 6b 16b 26 ¢ 46b 56b 59b 59b
5 0b lc 2d 9¢ 14 ¢ 14 ¢ 14 ¢
F 6.34* 29.29* 34.37* 18.57* 16.68* 15.41%* 15.64*
CV (%) 71.36 32.75 24.32 24.93 23.31 23.88 23.69

"not significant at 5% probability. *significant by F test. Means followed by the same letter in the column do not differ by
Scott-Knott's test at 5% probability. CV - coefficient of variation.
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At 25 °C (Table 3) it was possible to classify
lots after 30 h similarly to emergence; lots 2 and 3
were the most vigorous and lots 1, 4, and 5 had less

test at this temperature. According to Toledo et al.
(1999), using the primary root emission test, it was
possible to detect differences between lots of maize

vigor. Martins et al. (2002) alsoin broccoli seeds, seeds, when this one has differences in the
demonstrated that it was possible to differentiate physiological quality.
broccoli seed lots by vigor using the root protrusion
Table 3. Percentage of root protrusion at 25 °C in five lots of chia seeds.
18 20 22 24 26 28
Lots
Hours
1 0 1 3b 31b 48 ¢ 56b
2 0 3 19a 58a 70 a 73 a
3 0 2 8b 35b 55b 68 a
4 0 1 3b 36b 44 ¢ 53b
5 0 0 0c S5c 7d 8c
F - 1.54™ 12.22* 56.36* 59.49* 43.79*
CV (%) - 139.4 65.8 15.44 13.66 15.04
30 32 34 36 38 40 42
Lots
Hours
1 61b 63b 63b 65 66 66 66
2 77a 78 a 79 a 79 79 79 80
3 72 a 72 a 72 a 73 73 73 73
4 58b 65b 65b 66 67 67 67
5 31b 56 b 58 b 59 60 61 62
F 17.54* 4.06* 3.68* 2.86™ 2.36™ 2.01™ 2.04"™
CV (%) 14.36 13.00 12.44 13.26 13.55 14.16 14.07

"not significant at 5% probability. *significant by F test. Means followed by the same letter in the column do not differ
by Scott-Knott's test at 5% probability. CV - coefficient of variation.

The temperature of 30 °C (Table 4) efficiently
accelerated root protrusion and separation of seed
lots. After 18 h, it was already possible to observe
that lots 1 and 2 were the most vigorous, and lots 3,
4, and 5 presented less vigor (Table 4). However, the
results were not consistent with those of the
emergence test, in which different lots were

identified as having greater and less vigor.
According to Bewley and Black (1994), seeds have
the ability to germinate over the temperature range
characteristic of the species, and since vigor is
directly proportional to the degree of seed survival,
increasing the temperature can cause an increase in
root protrusion for different evaluation periods.

Table 4. Percentage of root protrusion at 30 °C in five lots of chia seeds.

18 20 22 24 26 28
Lots
Hours

1 43 a 54b 68b 73 b 74 b 74 b

2 52a 68 a 80 a 85a 85a 86 a

3 24 b 35¢ 50c¢ 62 ¢ 63 ¢ 64 ¢

4 16b 25¢ 48 ¢ 6l c 64 ¢ 68 ¢

5 Oc 6d 17d 41d 47d 54d

F 27,03* 43.86* 68.5* 24.1* 19.27* 12.95%*
CV (%) 29.57 19.56 11.09 10.38 9.63 9.63

30 32 34 36 38 40 42
Lots
Hours

1 75b 75b 76 b 76 b 77b 78 b 78 b

2 87 a 88 a 88 a 88 a 89 a 90 a 91 a

3 65¢ 65¢ 67b 67D 67 ¢ 67 ¢ 67 ¢

4 70b 70 ¢ 70 b 70b Tlc Tlc Tlc

5 59 ¢ 60 ¢ 62b 63 b 64 ¢ 65 ¢ 65 ¢

F 15.82* 13.19* 11.29* 9.76* 11.04* 12.09* 13.94*
CV (%) 7.58 8.27 8.28 8.73 8.13 7.79 7.64

"not significant at 5% probability. *significant by F test. Means followed by the same letter in the column do not differ by
Scott-Knott's test at 5% probability. CV - coefficient of variation.
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However, for the root protrusion emission
precocity index (RPEPI), lot 2 had the highest vigor
and lot 5 had the lowest vigor at the three
temperatures tested (Table 5). Lots 3 and 4 showed
variations in vigor as the temperature increased; at
25 °C the RPEPI of these lots was higher than at 20 °
C, but at 30 °C both presented low vigor (Table 5).

However, the RPEPI was not related to the
emergence of seedlings and therefore it was not an
efficient method to classify the vigor of chia seed
lots. Similar results were obtained by Machado et al.
(2012) in millet seeds and Coimbra et al. (2009) in
sweet corn seeds.

Table 5. Root protrusion emission precocity index (RPEPI) in five lots of chia seeds at 20, 25, and 30 °C.

Lots 20 25 30
(8Y)

1 191b 2.54b 391b
2 2.6la 326a 4.60 a
3 1.89b 2.87a 322¢
4 1.67b 2.56b 327c¢
5 038 ¢ 1.93 ¢ 2.59d
F 16.15* 7.74* 33.36*

CV% 28.88 13.46 7.50

"not significant at 5% probability. *significant by F test. Means followed by the same letter in the column do not
differ by Scott-Knott's test at 5% probability. CV - coefficient of variation.

CONCLUSION

The root protrusion test has sufficient
sensitivity to detect differences in vigor between lots
of chia seeds and should be conducted for 30 h at 25
0,

C.
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