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Abstract

Tetrazolium testing in small seeds demands difficult and longstanding procedures, such as the embryo exposure
by seeds section and the seeds pre-preparation. This study aims to access the viability of small seeds using the
Tetrazolium test (TZ) without seeds sectioning, resulting in quicker, cheaper and precise measurements.
Non-sectioned seeds of Conyza sumatrensis, Bidens pilosa and Digitaria insularis were put in contact with the
tetrazolium solution during 0, 12, 24, 48, 72, 144, 216, 288, 360, 432 and 504 h to obtain the seeds coloring
percentage in each time. When possible, the seeds coloring percentages were compared to seeds viability,
obtained by the literature standard tetrazolium methodology (STZ), and with seeds germination. The proposed
methodology (TZM) was cheaper and less laborious than the methodologies frequently used for weed seeds
viability estimation, and provided rapid and reliable seeds viability estimations for weed species with small seeds
within 24 h for Digitaria insularis and Bidens pilosa, and 48 h for Conyza sumatrensis.
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1. Introduction

Weeds aggressiveness characteristics highly contributes to plants interference processes, impairing crops
development. A part of this characteristic is related to seeds production and physiological behavior, including the
high number of propagules formed, dissemination mechanisms and seed dormancy, which enable asynchronous
germination (Cauwer et al., 2014). Weeds producing thousands seeds per plants are often found, resulting in
increased difficulties on their control within farming areas and increasing the soil seed bank (SSB). SSB is a
source of viable weed seeds, located within or on the soil body, potentially capable of infesting croplands
(Hosseini et al., 2014).

As an example, Conyza sp. seeds exhibit increased germination levels on the beginning of autumn or spring
(Buhler & Owen, 1997; Holm et al., 1997, Regehr & Bazzazn, 1979), but its germination does not stop during
the year. Digitaria sp. and Bidens sp. species are spread in tropical, subtropical and temperate regions of the
world (Watson & Dallwitz, 1992), and its seeds may exhibit dormancy (Souza et al., 2009). Therefore, the
assessment of seeds viability on the SSB, as well as those still attached to the plant, is critical for inferring about
dissemination and infestation potentials of those weeds.

The most common methods used in seeds viability assessment are top-of-paper, standard paper germination (SG),
germination in sand and the agar method (Rao et al., 2006). Nevertheless, those methods may not be efficient in
weed seeds viability estimation due to seeds manipulation difficulties and temperature, air humidity, light and
test duration specific requirements, resulting in tests lasting days or months (Taylorson, 1987; Mclvor &
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Howden, 2000; Koger et al., 2004; ISTA, 2005). The SG is the most common among those, but does not provide
the total seeds germination potential precisely because of seeds dormancy (Taylorson, 1970). Furthermore, seeds
identified as viable by those methods cannot be used in posterior studies, since their germination makes them
unfeasible.

Another problem related to the conventional germination tests used for weed seeds comes from their decreased
sanitary quality. Total loss of a replication or an entire test due to fungi or bacteria attack are common. It happens
because weed seeds of the SSB exhibit increased longevity (Burnside et al., 1996), which favors their
contamination by pathogens or mechanical damages incidence. Tetrazolium test (TZ) avoids those problems
caused by seeds contamination (Thorpe & Kaye, 2008), but has not been frequently used for small seeds testing,
such as weeds. Due to its small size, weed seeds represent a challenge for TZ performing, once that this
methodology requires embryo exposure to the tetrazolium salt solution with posterior evaluation of the sectioned
seeds, which is a difficult task in such small seeds. Nevertheless, improvements on the TZ method for evaluation
of small seeds would result in costs and time reduction, as well as increase accuracy in weed seeds viability
assessment.

For Conyza sp. species, no TZ methodology was found to be described in literature so far. The methodology
proposed by the International Seed Testing Association (Moore, 1985) for monocots using TZ is laborious, and
therefore non-used. It suggests that seeds must be maintained soaked in water for 6-18 hours and sectioned in
halves afterwards for posterior immersion in the tetrazolium solution for 48 h, resulting in 70 hours from the
beginning to the end of the test. In addition to the duration, the sectioning of such small seeds as of Conyza sp.
increases the difficulties of the test.

Possible contributions through improvements on small seeds viability testing are related to the identification of
dormancy mechanisms or seed damages occurrence, including dead seeds. Those improvements would allow to
isolate effects in studies of herbicides performance, when applied in pre-emergence. With the real physiological
state of the weed seed, it would be possible to comprehend if the non-emergence of the plantlet was because of a
previous physiological condition of the seed or due to the herbicide control effect. It would consequently result
in less overestimations on herbicides molecules effects, as well as enable decreases on the use of low quality
weed seeds in experiments. Adaptions on the TZ methodology that eliminate the need of seeds sectioning for
viability evaluation may result in a simpler and more useful test. Our hypothesis is that it is possible to obtain a
faster, cheaper and simpler TZ method for C. sumatrensis, B. pilosa and D. insularis seeds than those already
described in literature. On this context, the objective of this study is to propose adaptions to the TZ test for
Digitaria insularis and Conyza sumatrensis seeds that may properly and easily estimate their viability, and to
compare the results obtained with the proposed method with the ones obtained with the standard and available
TZ methodologies and SG.

2. Method
2.1 Seeds Collection

Seeds of B. pilosa, D. insularis and C. sumatrensis, growing in commercial fields at Engenheiro Coelho, Sdo
Paulo State, Brazil (22°29'18" S; 47°12'57" W), in September, 2017, were collected by gently rubbing the mature
inflorescences of six plants each. The harvested seeds were stored during 30 days after harvest, at 25 °C and 60%
air relative humidity, until the tests were conducted. The mass of a thousand seeds for B. pilosa, D. insularis and
C. sumatrensis were 1.60 g, 0.80 g and 0.07 g, respectively.

2.2 Seeds Testing

All species studied were submitted to the standard germination test (SG) on germination paper, while the
methodology proposed by Moore (1985) to evaluate seeds viability using TZ (STZ), was compared with the TZ
methodology proposed herein (TZM) for Bidens spp. and Digitaria spp., and followed procedures described in
literature for each species. No standard method was found in literature for Conyza spp., and therefore no STZ
was performed for this species.

For the STZ, seeds were submerged in water for 12 h, and after this period were cut in two halves and kept in
tetrazolium solution (0.1%) up to 48 h at 30 °C. After that, seeds with red stained embryo were considered
viable.

SG tests were performed in five replications of 50 seeds each, within plastic boxes, and kept in artificially
illuminated incubators (model TE-4000, Tecnal Company). These incubators are equipped with three lamp pairs
in each tray level, and released 100 pmol photons/(m® s™') of light in each level. The gerboxes received 3 mL of
distilled water each, at the beginning of the test, and the water was refilled when necessary. The seeds of D.
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insularis were exposed to specific photoperiod (12 h under dark and 12 h under light) and stable temperature of
35 °C. C. sumatrensis seeds were maintained under constant 20 °C temperature and same photoperiod used for D.
insularis, as established in Wu et al. (2007). B. pilosa seeds were incubated at 25 °C for 12 h in the dark and at
30 °C for 12 h under light (Reddy & Singh, 1992). The seeds were considered germinated when the radicle
protrusion through the tegument was visible (Chivinge, 1996; Brasil, 2009). The number of germinated seeds
was obtained in 0, 12, 24, 48, 72, 144, 216, 288, 360, 432 and 504 h after the test beginning.

The TZM for each species are described as follows:
2.2.1 C. sumatrensis and B. pilosa

Five replications of 50 C. sumatrensis and B. pilosa seeds were placed in individual Eppendorf tubes (20 mL)
containing 10 mL of Tetrazolium solution (0.1%-w/v), covered with aluminum foil for protection against light,
and exposed to 40 °C for 504 h. Every 12 h the seeds were removed from the TZ solution, in a low light
environment, and examined with a microscope. Seeds that were colored in red or pink were considered viable,
while the ones not colored were considered dead (Moore, 1985; Tesnier et al., 2002; Figures 1 and 2). Seeds
considered viable were discarded after counting, and the ones not colored were placed in fresh TZ solution after
each evaluation. C. sumatrensis seeds are very small, and the mean weight of a single seed is around 0.072 g.
The cover tissue of C. sumatrensis represents around 15% of this mass and 85% corresponds to the embryo
(Fenner, 1983). As the external part of the seed is translucent, it is possible to identify the tetrazolium coloring
without cutting open C. sumatrensis seeds (Figure 1). For B. pilosa, seeds with reddish or pink embryo were also
considered viable, while the ones not colored were considered dead, as observed in Figure 2. In this case, the
embryo is visible on the cypselas cracks, uniformly present after seeds soaking. When not visible, the embryo
may be exposed when removing the cypsela, which is easily opened by the touch after soaked.

0,5 mm

4

Figure 1. Tetrazolium staining of Conyza sumatrensis seeds, with TZM. Red-stained seeds are considered viable
or metabolically active, and therefore potentially capable of germination, and the uncolored seed
(top-right) is considered dead
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Figure 2. Tetrazolium staining of Bidens pilosa seeds, with TZM. Red-stained seeds (A) are considered viable or
metabolically active, and therefore capable of germination, while non-colored seeds are considered dead. The
arrows indicate the red-stained tissues

The evaluation of C. sumatrensis and B. pilosa seeds coloring was performed at same moments as established for
the SG counting.

2.2.2 D. insularis

D. insularis seeds carry specific structures called palea and lemma that may interfere with translocation of the
Tetrazolium salt solution into the seeds, affecting the coloring of the seed tissue. Therefore, as proposed on the
international rules for seed analysis (Moore, 1985), these seeds must be cut in half for the analysis. In this study,
we explore the utilization of uncut D. insularis seeds for the TZ test, after removal of the palea and lemma
structures from each one. In this case the palea and lemma of 250 seeds were removed, and five replications of
50 seeds each were immediately incubated in 0.1% Tetrazolium salt solution, as in the other two species.
Evaluations were conducted each 12 h and the seeds that presented reddish or pink embryo tissues were
considered viable, and the ones not colored were considered dead; the endosperm of these grass seeds does not
contain living tissue (Figure 3). The evaluation of D. insularis seeds coloring was performed at same moments as
in SG evaluations.

0,5 mm

@

S ' N -

Figure 3. Tetrazolium staining of Digitaria insularis seeds. I: sectioned seeds (STZ) and II: uncut seeds (TZM).
Red-stained (A) seeds are considered viable or metabolically active, and therefore capable of germination.
Uncolored seeds (B) were considered dead

2.3 Statistical Analysis

Means were compared by the mean confidence interval (p < 0.05), as described in Payton et al. (2000).
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3. Results and Discussion

Seeds viability of C. sumatrensis and B. pilosa, determined by TZM, were compared to the STZ method,
proposed by Moore (1985), and SG of all three species studied are presented in Figures 4-6. Seeds viability and
germination, obtained by the TZM and SG tests, were similar for D. insularis and C. sumatrensis, as well as STZ
was similar to SG for D. insularis. B. pilosa had less germinated seeds in comparison to the number of viable
seeds, obtained by SG and TZM, respectively. This difference in behavior indicates that D. insularis and C.
sumatrensis seeds lacked dormancy, once their viability and germination values were statistically not different,
highlighted by the plateaus obtained for percentage of colored seeds by the TZM test and percentage of seeds
germinated on the SG test (Figures 4 and 6). The difference between seeds viability and germination of B. pilosa
is probably an indication of seeds dormancy. The estimation of the overall seed viability by using the SG test
may therefore be highly influenced by dormancy, and provide inaccurate results regarding weeds infestation
potential. The methodology proposed herein may therefore provide reliable data regarding weed seeds viability.

Figure 4 demonstrates that, after 24 h of seeds exposure to tetrazolium salt solution, there was a stable number of
viable B. pilosa seeds until the end of the test, while the first colored seeds were identified within 12 h after the
TZM test started. The SG test on the other hand, only reached germination stability after 280 h, indicating that
the TZM test was faster (11 times) to establish the viability potential than the SG test took to reach seeds
germination of B. pilosa. As long as the number of seeds identified as viable by the TZM test reached
stabilization within 24 h, we understand that this period was sufficient to be considered as a standard for future
evaluations of B. pilosa seeds viability by the proposed TZM test. From the total amount of B. pilosa seeds
tested, 78% were identified as viable by the TZM test (Figure 4), meaning that 22% of B. pilosa seeds were dead.
From the total amount of viable B. pilosa seeds, only 23% were capable to germinate (18% of the total number
of seeds), and therefore 77% of the viable B. pilosa seeds were dormant, as long as they were viable, but did not
germinate under optimal conditions.
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Figure 4. Comparison of two methods to estimate Bidens pilosa seeds viability. The ordinates axis refers to the
percentage of germinated seeds in the standard germination test (SG) and percentage of seeds colored by the
tetrazolium test (TZ), for Bidens pilosa seeds, and the abscissas axis refers to the time in which TZ and SG were
taken account. The bars refer to the mean confidence interval (p < 0.05)

The TZ test was used to evaluate seeds overall viability, and therefore its germination potential. The SG, on the
other hand, provided a realistic indication of the seedling production potential of weed seeds within 500 h after
proper environmental conditions for seeds germination were reached. Seed dormancy appeared to play an
important role on the differences between TZM and SG results of B. pilosa, causing asynchronous seeds
germination and misrepresentation of the total germination capacity of the weed seeds lot by the SG test.

Figure 5 demonstrates that the stabilization of C. sumatrensis seeds viability, identified by the TZM test, was
observed at first within 48 h, while seeds germination took 3.5 times more to reach stabilization (216 h). The
TZM test identified the first viable seeds within 12 h after the test beginning, and increased the number of viable
seeds identified by the method in 24 h. As no other methodology of C. sumatrensis seeds viability using TZ was
identified by the authors in literature, it can be stated that the results expose sufficient information to establish 46
h as a standard period in future evaluations of C. sumatrensis seeds viability using TZM, once it provided the
maximum number of viable seeds in the shortest term.
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Figure 5. Comparison of two methods to estimate Conyza sumatrensis seeds viability. The ordinates axis refers
to the percentage of germinated seeds in the standard germination test (SG) and percentage of seeds colored by

the tetrazolium test (TZ), for Conyza sumatrensis seeds, and the abscissas axis refers to the time in which TZ and
SG were taken account. The bars refer to the mean confidence interval (p < 0.05)

There was no difference between seeds viability and germination of C. sumatrensis. This is an effect of low or

inexistent seeds dormancy incidence and an indication that collected seeds of this species were mature and that
the germination methodology was well fitted to represent seeds viability of C. sumatrensis (Buhler & Hoffman,
1999). The herbicides selectivity testing of Conyza sp. is widely performed in weed science, once the selection
of herbicide resistant populations (Weed Science, 2018) has increased complexity of its chemical control.
Therefore, a quick and easy TZ test that does not impairs seeds germination may provide significant help in fast

detection of viability of these populations.
Figure 6 demonstrates the SG, STZ and TZM tests results for D. insularis. Within 216 h, the beginning of seeds
germination process was identified by the SG test, reaching a stable level at the same time. In turn, the TZM test
demonstrated that 16% of the seeds tested were colored in the first 12 h, reaching a stable plateau in the first 24 h,
with 90% of the seeds colored in red and identified as viable. TZM and SG results obtained after seeds viability
and germination stabilization, respectively, were not significantly different from the STZ test, indicating that
seeds dormancy was probably absent in this seeds lot and that SG testing of D. insularis is reliable to study seeds
viability, in contrast with B. pilosa. Even though, the TZM test was eight times faster than the SG test, permitting

inferences about D. insularis seeds viability within 24 h.
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Figure 6. Comparison of two methods to estimate Digitaria insularis seeds viability. The ordinates axis refers to

the percentage of germinated seeds in the standard germination test (SG) and percentage of seeds colored by the

tetrazolium test (TZ), for Digitaria insularis seeds, and the abscissas axis refers to the time in which TZ and SG
were taken account. The bars refer to the mean confidence interval (p < 0.05)
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There is a limited number of studies regarding D. insularis seeds quality evaluation and germination tests.
Considering that, methodologies were adapted to proper representation of germination levels, with different
temperatures and photoperiods according to the seeds origin site. Varying temperatures from 20-30 °C, 20-35 °C
and 15-35 °C with a 16-8 h of light per day are described as more suitable than constant temperature and light
periods for studies involving Digitaria spp. (Mondo et al., 2010; Mendonga et al., 2014). Mondo et al. (2010)
even question the light incidence requirements for D. insularis germination, while Mendonga et al. (2014)
describes dependence of seeds germination in relation to the photoperiod.

Results obtained by the STZ and TZM tests for B. pilosa and D. insularis, in Figs. 4 and 6, indicate that the TZM
test permitted proper inference on the seeds viability potential. The TZM methodology proposed herein aims to
facilitate seeds viability determination, using a standardized methodology without cutting seeds, as seen in most
weed seeds evaluation methodologies, and without any treatment to break dormancy. Furthermore, the test
provided fast viability results (24-48 h) of B. pilosa, C. sumatrensis and D. insularis seeds. With that, we expect
that studies involving weed seeds may be improved and facilitated, since herbicide resistance is expected to be
an increasingly problematic issue in cropping fields (Peterson, Collavo, Ovejero, Shivrain, & Walsh, 2018).

The exposed results indicate that there is a great potential on this test application in studies involving weeds with
small seeds. Studies regarding effects of pre-emergent herbicides on weed seeds may be improved by a quick
and less laborious TZ test for weeds with small seeds, once the effect of the treatment may then be separated
from the effect of seeds dormancy. The methodology proposed herein allows rapid and reliable results regarding
seeds viability.

4. Conclusion

The proposed methodology for the tetrazolium test was rapid and reliable for small seeds viability estimation.
The test provided D. insularis and B. pilosa seeds viability within 24 h, while C. sumatrensis seeds viability was
obtained within 48 h. Besides being faster than the standard paper germination test, and simpler than the STZ
test proposed for D. insularis and B. pilosa, the TZM test proposed herein did not cause damage to the seeds,
enabling its later use in field trials, generating results that do not carry seeds dormancy influences.
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