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Root protrusion as a vigor test for canola seeds under
different levels of water availability

Protrusao radicular como teste de vigor em sementes
de canola sob diferentes niveis de disponibilidade
hidrica

Aline Ulzefer Henck*; Patricia Pivetta?, Ubirajara Russi Nunes?; luri Coletto
Balensiefer#; Cassio Miguel Ferrazza®

Highlights

Higher water availability resulted in increased radicle protrusion rates.
Longer assessment times led to higher radicle protrusion rates.
Radicle protrusion test is a feasible method to assess vigor in canola seeds.

Abstract

Canola is used to produce oil for human consumption, biodiesel, and as part of crop rotation systems.
This study aimed to determine whether radicle protrusion can be recommended as avigor test for canola
seeds. The experiments were conducted at the Federal University of Santa Maria, using seeds from the
canola hybrids Ceres IMl and Nuola 300. Water content and 1000-seed weight were evaluated and vigor
and germination tests performed. Primary root protrusion was evaluated in sand at four different water-
holding capacities (80%, 60%, 40% and 20%) and four assessment times (24 h, 48 h, 72 hand 96 h). The
experimental design was completely randomized, in a 4 x 4 factorial scheme with four replicates, totaling
64 experimental units. Data were analyzed using analysis of variance (ANOVA), polynomial regression,
mean comparison tests, and Pearson'’s correlation at 5% significance, in R Studio software. The radicle
protrusion test is a practical and cost-effective alternative for evaluating vigor in canola seeds and
should be conducted in a substrate with 60% water-holding capacity in sand, with assessments at 72
hours.
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Resumo

A canola é empregada na produc¢éo de 6leo para consumo humano, biodiesel e para compor os sistemas
de rotacao de cultura. O objetivo desse trabalho foi verificar se a protrusao radicular pode ser indicada
como teste de vigor para sementes de canola. Os experimentos foram conduzidos na Universidade
Federal de Santa Maria, utilizando sementes dos hibridos de canola Ceres IMI e Nuola 300. Foram
avaliados o teor de dgua, peso de mil sementes, e realizados testes de germinacgéao e vigor. A protrusao
da raiz primaria foi avaliada sob 4 distintas capacidades de retencao em areia (80%, 60%, 40% e 20%)
e quatro tempos de contagem (24 h, 48 h, 72 h e as 96 h). O delineamento utilizado foi o inteiramente
casualizado, com 4 repeticdes, em esquema fatorial 4 x 4, totalizando 64 unidades experimentais. Os
dados foram analisados por meio de andlise de variancia (ANOVA), regressdes polinomiais, testes de
médias e correlacdo de Pearson, utilizando o software R Studio, com significancia de 5%. O teste de
protrusdo radicular € uma alternativa pratica e econdmica para avaliar o vigor de sementes de canola,
devendo ser realizada em substrato com 60% de capacidade de retencao em areia e avaliacdes as 72
horas.

Palavras-chave: Brassica napus L. Controle de qualidade. Raiz primaria.

Introduction

Canola(Brassica napusL.)is an oilseed
crop belonging to the family Brassiaceae and
originated through rapeseed (colza) breeding
(Cardosoetal.,2023).Globalcanolaproduction
is approximately 87.2 million metric tons and
the main producers are Canada, China and
India (Food and Agriculture Organization of the
United Nations [FAOSTAT], 2024). According
to the Companhia Nacional de Abastecimento
[CONAB] (2024), the country's most recent
harvest yielded 146,500 metric tons of grain,
withanaverageyield of 1,591 kg ha' cultivated
across 92,100 ha, concentrated specifically in
the southern states of Parana and Rio Grande
do Sul.

This oilseedisanimportantcrop onthe
global market due to its use in oil production
for human consumption and biodiesel. Its high
profitability has driven increased cultivation in
Brazil (Lima et al., 2017), It has also emerged
as a viable winter crop, playing a crucial role
in crop rotation systems (Ludwig et al., 2023).
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However, canola is subject to biotic and
abiotic stresses throughout its ontogenetic
cycle, water stress being one of the most
detrimental to seed vigor and germination
(Avila et al., 2007; Santos et al., 2012).

Using seeds of high physiological
quality is essential for achieving high yields
(Diaguna et al., 2024). According to Rego et al.
(2023), seed physiological quality is typically
assessed using laboratory germination
tests, which provide reliable data on seed
viability. However, obtaining the results takes
considerable time and because these tests
are conducted under ideal environmental
conditions, they may overestimate seed
physiological potential. On the other hand,
vigor tests are faster, more precise, and less
costly.

As reported by I. C. Oliveira et al.
(2019), the radicle protrusion test is a vigor
assessment method based on the principle
that high-vigor seeds emit the primary root
more rapidly thantheirlow-vigor counterparts.
In viable seeds, primary root emergence is
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the final phase of germination and occurs
after imbibition and a series of biomechanical
changes (Dias et al., 2019).

Recent studies have evaluated and
confirmed the effectiveness of the radicle
protrusion test in the seeds of various crops,
including chia (I. C. Oliveira et al., 2019),
coffee (Trujillo et al., 2019), tomato (G. R. F.
Oliveira et al., 2021), soybean (Rego et al.,
2023), and sorghum (Diaguna et al., 2024).
However, its validity for other agriculturally
important crops, such as canola, has yet to
be sufficiently explored, highlighting the need
for further research. Therefore, the aim of
this study was to determine whether radicle
protrusion can be recommended as a vigor
test in canola seeds, under varying water
retention capacities in sand and at different
assessment times.

-56°42.000" -50°24.000"

Material and Methods

The experiments were conducted
at the Seed Research Teaching Laboratory
(LDPS) of the Department of Crop Science at
the Federal University of Santa Maria, in Santa
Maria, Rio Grande do Sul state (RS) (Figure 1).
Canola seeds (Brassica napus L. var. oleifera)
of the Ceres IMI and Nuola 300 hybrids were
used.

Initial seed quality for both hybrids was
characterized based on water content and
1000-seed weight. Additionally, germination
and vigor tests were carried out, including
first count (FC), germination speed index (GSI),
root (RL) and shoot length (SL), and seedling
dry mass (SDM), followed by two experiments
to evaluate primary radicle emergence.
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Figure 1. Location of the study site.
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Seed water content (WC): determined
bythe oven-dryingmethodat 105 °C Ministério
da Agricultura, Pecuaria e Abastecimento
[MAPA] (2009), with two replicates of 3 g seed
samples. Initially, the containers and their lids
were labelled and weighed on a precision
scale (tare = t). The seed samples were then
transferred to the containers, which were
weighed again (initial weight = P) and placed in
anovenat 105 °C + 3°C with the lids resting on
top for 24 hours. After drying, the containers
were removed, placed in a desiccator and
weighed again (final weight = p). The results
were expressed as the mean percentage
(%) of the two samples, ensuring that the
difference between replicates did not exceed
5%. Seed water content was calculated using
the following equation:

P —-p)

WC (%) = 100. s

where P = initial weight (container + lid + wet
seeds); p = final weight (container + lid + dry
seeds); t = tare (weight of the empty container).

1000- seed weight (1000SW):
determined by manually counting eight
replicates of 100 seeds each, which were then
individually weighed on a precision scale. The
coefficient of variation and average weight of
the samples were calculated, and 1000SW
was obtained by multiplying the average
weight of the samples by 10, with the results
expressed in grams (g) (BRASIL, 2009).

Germination (G): first, all the materials
were sterilized with 70% ethanol. Germination
testing was conducted with four replicates of
50 seeds, placed in plastic germination boxes
(Gerbox®) on three sheets of Germitest®
paper towel, moistened with distilled water
at 2.5 times the dry weight of the paper.
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The boxes were sealed with lids and rubber
bands, placed in a plastic bag and transferred
to a B.O.D. (Biochemical Oxygen Demand)
chamber under a 24-hour photoperiod
and air temperature of 20 + 1 °C. Seedling
counts were performed on the 5" and 7t
days after test setup. Seeds were considered
germinated when the radicle was at least
2 mm in length. Results were expressed as
the average percentage of normal seedlings
(BRASIL, 2009).

First germination count (vigor) (FC):
used as an indicator of seed vigor, FC was
performed concurrently with germination
testing using the same methodology.
The percentage of normal seedlings was
determined on the 5th day after test setup
(BRASIL, 2009).

Germination speed index (GSI):
conducted alongside the germination test,
by performing daily counts of germinated
seeds until germination stabilized. The GSI
was calculated using the equation proposed
by Maguire (1962), as follows:

Gl G2 Gn

GSI =+ + o+ o
where G1, G2, ... Gn are the number of seeds
germinated at the first, second, and final
count, and N1, N2, ... Nn the number of days
from sowing to the first, second, and final
count.

Root (RL) and shoot length (SL):
determined on the 5" day (first count), when
10 normal seedlings were randomly selected
from each of the four replicates. SL was
measured from the insertion point at the base
of the primary root to the tip of the shoot,
and root length from the tip of the primary
root to its insertion at the shoot base, using a
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graduated ruler. Mean results were expressed
in centimeters per seedling (cm seedling™), as
described by Krzyzanowski et al. (2020).

Seedling dry mass (SDM): following
length measurement, 10 seedlings from
each replicate were placed in Kraft paper
bags, dried in an oven at 70°C for 48 hours,
and then weighed on a precision scale. The
dry mass from each replicate was divided by
the number of seedlings measured and the
results expressed in milligrams per seedlings
(mg seedling) (Krzyzanowski et al., 2020).

Radicle protrusion (RP): the radicle
protrusion test was conducted after initial
characterization. RP was evaluated by
determining the percentage of seeds with
primary roots measuring 2 mm or longer,
under four different water-holding capacities
(WHCs) in sand: 80%, 60%, 40% and 20%,
and at four assessment times: 24 h, 48 h, 72
h and 96 h after test setup. To that end, seeds
were sown in plastic trays containing washed,
sterilized, and sieved sand (1 kg tray™). Fifty
seeds were placed in 1 cm-deep furrows with
5 cm spacing between rows. The plastic trays
were placed in a B.O.D chamber at 20 °C with
a constant photoperiod. The experimental
design was completely randomized, with four
replicates, in 4 x 4 factorial scheme (WHC x
assessment time), totaling 64 experimental
units.
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The data were subjected to analysis of
variance (ANOVA) using the F-test, followed by
additional analysis with the Scott-Knott test
and polynomial regression fitting to determine
the degree and best-fitting equations.

A Student's t-test and Pearson's
linear correlation analysis were also
performed between RP and FC. All analyses
were performed using R Studio software,
considering a 5% probability level (R Core
Team [R], 2023).

Results and Discussion

The Ceres IMI hybrid exhibited a higher
water content (8.4%) and 1000SW (4.1 g) than
those recorded for Nuola 300 (7.4% and 3.2 g,
respectively). These seed moisture values are
considered valid, since Marcos (2015) reports
a 3% maximum acceptable difference in water
content between seed lots, an important
factor in ensuring the validity and reliability
of subsequent tests. In regard to initial seed
quality, a significant difference was only
observed for primary root length, which was
2.31 cm longer per seedling in Ceres IMI than
in Nuola 300 (1.92 cm per seedling (Figure 2E).
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Figure 2. Scott-Knott mean grouping test for the initial quality characterization of two canola seed
hybrids based on germination (A), first count (B), germination speed index (C), root length (D), shoot

length (E), and seedling dry mass (F).

Both hybrids obtained germination
percentages (Figure 2A) and FC results
(Figure 2B) within the standards required
for commercial canola seed. There were no
significant differences between hybrids for

GSI (Figure 2C), RL (Figure 2D), or SDM (Figure
2F). Overall, higher means were obtained for
Nuola 300, except SDM, which was higher in
Ceres IML.
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ANOVA showed a  significant
interaction (p < 0.05) between WHC and
assessment times for RP, as well as significant
main effects for both factors. Regression
analysis enabled the estimation of polynomial
equations with quadratic tendencies, except
for the curves corresponding to the 20%
WHC and 24-hour assessment time, which
exhibited no significance.
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Distinct RP patterns were observed
under varying WHCs for Nuola 300 (Figure
3A) and Ceres IMI (Figure 3B), with higher RP
percentages recorded for both regression
curves across assessment times. The best
results, with RP rates above 80%, were

obtained at WHC levels between 60% and
80% for both hybrids and at all assessment
times except 24 hours, when RP rates were
below 40%.
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Figure 3. Polynomial regression of radicle protrusion (RP) for the canola hybrids Nuola 300 (A) and
Ceres IMI (B) under different water-holding capacities in sand.
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Analysis of RP across the different ~ WHCs. The best results were recorded at ATs
assessment times (ATs) for Nuola 300 (Figure close to 72 hours for both hybrids and across
4A) and Ceres IMI (Figure 4B) indicated that  the various WHC levels, except for the 20%
longer evaluation periods led to higher RP WHC curve. At 96 hours, a decreasing trend
rates for both regression curves across was observed.
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Figure 4. Polynomial regression of radicle protrusion (RP) for the canola hybrids Nuola 300 (A) and
Ceres IMI (B) across different assessment times (AT).
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Water availability is one of the main
factors limiting seed germination and field
establishment (Leal et al., 2020; Nunes et
al., 2020; Sartori et al., 2023). Under water
deficit conditions, reduced water diffusion
through the seed coat prolongs the lag phase
by lowering enzymatic activity, which in turn
limits meristematic development and radicle
emergence (Hadas, 1976).

Water deficit can affect seed
germination and early seedling development,
as recently reported in major crops such as
cowpea (Paiva et al., 2018), corn (Sousa et al.,
2023), wheat (Sartori et al., 2023) and soybean
(Cardoso et al., 2023). In canola, Avila et al.
(2007) observed a significant reduction in
germination and seedling performance under
water stress. Additionally, Santos et al. (2012)
concluded that canola seeds are sensitive to
water potentials lower than -0.2 MPa, which
compromise seed vigor and germination.

A comparison between the means of
each treatment and the reference treatment,
considered here to be the first count, indicated
that for both Nuola 300 (Figure 5A) and Ceres
IMI (Figure 5B), treatments involving 20%
WHC regardless of assessment time, and
those evaluated at 24 hours regardless of
WHC, differed significantly (p < 0.05) from the
standard. In the case of Nuola 300, it is also
important to note that treatments with 40%
WHC at 72 h and 60% at 48 h also differed
significantly from the reference. Therefore,
these treatments should not be used to
assess vigor in canola seeds. On the other
hand, in all other situations, treatment means
were considered statistically equivalent to the
first count.

Semina: Ciénc. Agrar. Londrina, v. 46, n. 4, p. 1025-1038, jul./ago. 2025

Additionally, RP at 60% WHC showed a
positive and significant linear correlation (p <
0.05)at 72 hand 96 h for Nuola 300 (Figure 6A)
when compared to the values obtained from
the first count vigor test, a method recognized
by the Brazilian Rules for Seed Testing (RAS)
(BRASIL, 2009) and conducted on the 5th day
after test setup. For Ceres IMI, this correlation
was only observed at 60% WHC and at 72 h
(Figure 6B).

The RP test is used to assess seed
vigor and potential field performance in
various crops. According to Diaguna et al.
(2024), the ideal test conditions for sorghum
are 28 °C at 36 hours, while for soybean Rego
et al. (2023) recommends 30 °C after the
same time period, and in chia, I. C. Oliveira et
al. (2019) described effective testing at 25 °C
and 30 hours.

The RP test is considered a fast and
promising method for seed vigor assessment
(Silva et al., 2024).

It is based on the premise that
the primary root emerges more rapidly in
high-vigor seeds than in their low-vigor
counterparts (I. C. Oliveira et al., 2019). The
primary root emerges in the final phase of
germination, after imbibition and several
biochemical changes (Dias et al, 2019).
Although the RAS does not yet recognize the
RP test as a valid method, it proved feasible
and efficient for evaluating canola seed vigor
in this study, offering advantages such as
easy execution and faster results.
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Figure 5. Student's t-test (p-value) comparing the results of the first count (FC) with each treatment

for the canola hybrids Nuola 300 (A) and Ceres IMI (B).
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Conclusions

The radicle protrusion test can be
recommended as avigor test for canola hybrid
seeds using a substrate with 60% water-
holding capacity and evaluated at 72 hours,
offering a practical, rapid, and cost-effective
alternative to conventional techniques.

Acknowledgments

This study received funding from the
Brazilian Coordination for the Improvement of
Higher Education Personnel (CAPES) - funding
code 001.

References

Avila, M.R., Braccini, A. L., Scapim, C. A., Fagliari,
J. R., & Santos, J. L. (2007). Influéncia do
estresse hidrico simulado com manitol na
germinacdo de sementes e crescimento
de plantulas de canola. Revista Brasileira
de Sementes, 29(1), 98-106. doi: 10.1590/
S0101-31222007000100014

Cardoso, B. S., Rosa, E. F. F, Kaseker, J. F,
Nohatto, M. A., & Luz, S. (2023). Acido
salicilico como atenuador do déficit
hidrico em canola. Revista de Ciéncias
Agroveterinarias, 22(1), 234-241. doi: 10.
5965/223811712222023234

Companhia Nacional de Abastecimento
(2024). Série histérica das safras.
MAPA/ACS. https://www.conab.gov.br/

info-agro/safras/serie-historica-das-
safras?start=30

1036

Diaguna, R., Widajati, E., Permatasari, O. S.
I, Suhartanto, M. R., Suwarno, P. M,
Budiman, C., Saroza, A. R, & Fuad, H.
(2024). Radicle emergence test method
for estimating sorghum seeds quality:
a tropics practices. Journal of Stored
Products Research, 105, €102263. doi:
10.1016/j.jspr.2024.102263

Dias, L. B. X., Queiroz, P. A. M., Ferreira, L. B. S,,
Santos, W. V., Freitas, M. A. M,, Silva, P. P,
Nascimento, W. M., & Ledo-Arauijo, E. F.
(2019). Teste de condutividade elétrica
e embebicdo de sementes de grao-
de-bico. Revista Brasileira de Ciéncias
Agrarias, 14(2), e5641. doi: 10.5039/
agrariav14i2a5641

Food and Agriculture Organization of the
United Nations (2024). Crops and livestock
products. FAOSTAT. https://www.fao.org/
faostat/en/#data/QCL

Hadas, A.(1976). Water uptake and germination
of leguniinous seeds under changing
external water potential in osmotic
solutions. Journal of Experimental Botany,
27(98), 480-4809.

Krzyzanowski, F. C., Francga, J. B., Neto, Gomes,
F. G., Jr., & Nakagawa, J. (2020). Testes
de vigor baseados em desempenho de
plantulas. In F. C. Krzyzanowski, R. D.
Vieira, J. B. Franca-Neto, & J. Marcos-Filho
(Orgs.), Vigor de sementes: conceitos e
testes (pp. 79-140). Londrina.

Leal, C. C. P, Torres, S. B., Dantas, N. B. L.,
Aquino, G. S. M., & Alves, T. R. C. (2020).
Water stress on germination and vigor of
'mofumbo’ (Combretum leprosum Mart.)
seeds at different temperatures. Revista
Ciéncia Agronbémica, 51(1), e20186357.
doi: 10.5935/1806-6690.20200013

Semina: Ciénc. Agrar. Londrina, v. 46, n. 4, p. 1025-1038, jul./ago. 2025



Root protrusion as a vigor test for canola seeds under different levels of...

I Ciéncias Agrarias
SEMINA ———

Lima, L. H. S., Braccini, A. L., Scapim, C. A,
Piccinin, G. G., & Ponce, R. M. (2017).
Adaptability and stability of canola
hybrids in different sowing dates. Revista
Ciéncia Agronémica, 48(2), 374-380. doi:
10.5935/1806-6690.20170043

Ludwig, E. J., Silva, J. R., Bastiani, G. G,
Stefanello, R., Nunes, U. R., & Heldwein,
A. B. (2023). Respostas fisiologicas
em sementes e plantulas de canola
tratadas com tiametoxam e submetidas a
estresse salino. Revista em Agronegocio
e Meio Ambiente, 16(3), e10093. doi: 10.
17765/2176-9168.2023v16n3e10093

Maguire, J. D.(1962). Speed of germination-aid
in selection and evaluation for seedling
emergence and vigor. Crop Science, 2(2),
176-177. doi: 10.2135/cropsci1962.0011
183X000200020033x

Marcos, J., F. (2015). Seed vigor testing: an
overview of the past, present and future
perspective. Scientia Agricola, 72(4), 363-
374.doi: 10.1590/0103-9016-2015-0007

Ministério da Agricultura, Pecuaria e
Abastecimento (2009). Regras para
analise de sementes. Brasilia: MAPA/
ACS. https://www.gov.br/agricultura/pt-
br/assuntos/insumos-agropecuarios/
arquivos-publicacoes-insumos/2946
regras_analise__sementes.pdf

Nunes, L. R. D. L., Pinheiro, P. R., Silva, J. B. D.,
& Dutra, A. S. (2020). Effects of ascorbic
acid on the germination and vigour of
cowpea seeds under water stress. Revista
Ciéncia Agronbmica, 51(2), e20196629.
doi: 10.5935/1806-6690.20200030

Semina: Ciénc. Agrar. Londrina, v. 46, n. 4, p. 1025-1038, jul./ago. 2025

Oliveira, G. R. F, Salles, F. K. L., Batista, T. B,,
Silva, M. S., Cicero, S. M., & Gomes, F. G,,
Jr. (2021). Morphological parameters of
image processing to characterize primary
root emergence in evaluation of tomato
seed vigor. Journal of Seed Science, 43,
€202143005. doi: 10.1590/2317-1545v
43245215

Oliveira, l.C.,Rego, C.H.Q., Cardoso, F. B., Zuffo,
A.M., Candido,A.C.S., &Alves, C.Z.(2019).
Rootprotrusioninquality evaluationof chia
seeds. Revista Caatinga, 32(1), 282-287.
doi: 10.1590/1983-21252019v32n129rc

Paiva, E. P, S&, F. V. S,, Torres, S. B., Brito, M.
E., Moreira, R. C.,, & Silva, L. A. (2018).
Germination and tolerance of cowpea
(Vigna unguiculata) cultivars to water
stress. Revista Brasileira de Engenharia
Agricola e Ambiental, 22(6), 407-411. doi:
10.1590/1807-1929/agriambi.v22n6p
407-411

R Core Team (2023). R: a language and
environment for statistical computing.
https://www.r-project.org/

Rego, C.H. Q., Brito, D. L., Torres, S. B., Morais, E.
R.C., Pereira, M. D., Dutra, A. S., Bacchetta,
G., & Alves, C. Z. (2023). Primary root
emission as a vigor test in soybean
seeds. Revista Ciéncia Agronbmica, 54,
€20238714. doi: 10.5935/1806-6690.20
230051

Santos, A., Scalon, S. P. Q,, Masetto, T. E., &
Nunes, D. P. (2012). Disponibilidades
hidricas do substrato na qualidade
fisiolégica de sementes de canola com
diferentes teores de dgua. Agrarian, 5(18),
356-364.

1037



I Ciéncias Agrarias
SEMINA ———

Henck, A. U. et al.

Sartori, A. V. S., Oliveira, C. M. G., Zucareli, C.,
Pereira, A. R., Kitzberger, C. S. G., Santos,
E. D., & Araldjo, F. O. (2023). Effect of
combined thermal and water stress on
germination of wheat seeds. Revista
Ciéncia Agronbémica, 54, €20218253. doi:
10.5935/1806-6690.20230003

Silva, K. A.D., Benedito, C. P, Torres, S. B., Alves,
V. M. D., & Sousa, G. D. D. (2024). Viability
and vigor of Moringa oleifera Lam. seeds
by means of rapid tests. Revista Ciéncia
Agronbémica, 56, e202392387. doi: 10.59
35/1806-6690.20250004

Sousa, L.I.S., Brito, A.E. A., Souza, L. C., Teixeira,

K. B. S., Nascimento, V. R., Albuquerque,
G. D. P, Oliveira, C. F.,, Neto, Okumurab, R.
S., Nogueira, G. A. S, Freitas, J. M. N., &
Monteiro, G. G. T. N. (2023). Does silicon
attenuate PEG 6000-induced water
deficit in germination and growth initial
the seedlings corn. Brazilian Journal of
Biology, 83, €265991. doi: 10.1590/1519-
6984.265991

Trujillo, H. A., Gomes, F. G., Jr., & Cicero, S. M.

(2019). Digital images of seedling for
evaluating coffee seed vigor. Journal
of Seed Science, 41(1), 60-68. doi:
10.1590/2317-1545v41n1204651

1038 Semina: Ciénc. Agrar. Londrina, v. 46, n. 4, p. 1025-1038, jul./ago. 2025



