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Abstract

Seed dormancy is a major impediment for the production of Salvia officinalis L. (sage) seedlings. This
study aims to test seed priming methods to break the dormancy of sage seeds in controlled conditions. Seeds
were subjected to four treatments respectively hydropriming, magneto-priming, electro-priming and control
with no seed priming techniques. During germination development stage all parameters were registered
according to BBCH (Biologische Bundesanstalt, Bundessortenamt und CHemische Industrie) standardized
scale. Daily assessments were made, germination indices were calculated, new germination secondary stages
were observed and described, and daily range for each secondary stage were obtained. All priming methods had
different effect on sage seeds. The hydropriming treatment was the most effective with 70% seeds germinated
in 10 days. Sage seeds from magneto-priming determine more than 50% seeds to germinate in only 8 days.
Control and electropriming treatment showed a similar value of seed germination, set around 64-65%. In
control, electro- and hydropriming treatments are necessary 6 days for the achievement of more than 50% seed
germination, while for magneto-priming are necessary 8 days. Hydropriming has the highest germination
index, significantly higher than control and magneto-priming, During the germination, hydropriming shows a
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gradual transition of seeds from one BBCH sub-stage to another, while electro- and magneto-priming induce
a heterogenous variation through the entire process. Overall, the hydropriming treatment registered better

results of sage germination compared to the control treatment.
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Introduction

Medicinal aromatic plants (MAPs) are cultivated on a small area worldwide (Chrysargyris ez 4/., 2022).
This group of plants presents a various number of species with very different biological characteristics. In
general, MAPs can be used as green (Male§ ez 4l., 2022), dried (Taban ez al., 2021), preserved (Barata ez al.,
2016), chemically and thermally processed (Rahmati ef 4/, 2022) or raw materials in various industries (Lubbe
etal.,2011). The directions in which the MAPs production is oriented, show a high diversity of species, active
components, numerous specific agro-ecological growing conditions, and market prices. In a world where the
significance of crop production cannot be overstated, it is evident that unconventional techniques deserve
careful consideration as a viable solution for augmenting food resources and revitalizing some plant varieties
(Porto et al., 2019; Rifna ez 4., 2019; Bhusal e 4l., 2020; Ercan et al., 2022). The researcher’s efforts, who have
tested different factors that can affect the germination process (Raccuia ez a/., 2016; Lamichhane ez 4/., 2018),
discovered methods that could improve plant growth and development. These methods hold the potential to
enhance plant growth rates by accelerating the critical physiological processes within seeds, particularly
beneficial for the cultivation of MAPs, ensuring a reliable and sustainable yield. In light of these findings, the
exploration of unconventional approaches is not only relevant but also essential in addressing the pressing
challenges of modern agriculture and food security.

Germination, one of the most important and complex physiological process for MAPs production is
characterized by the activation of the germplasm (Bhardwaj ez 4/., 2016; Moldovan et al., 2022). It was stated
that testa or the seed coat of several MAPs plants could contain substances that inhibit natural germination as
jasmonic acid, abscisic acid, benzoic acid, and cinnamic acid (Bhardwaj ez 4/., 2016). Until now, it is unclear
what cycles of dormancy or nondormancy does sage have, the germination patterns depend upon species and
regulated by temperature (Bai and Romo, 1994). The germination pattern of a plant represents the most
important factor for providing healthy seedlings, particularly for MAPs used in the healthcare system
(Bhardwaj ez 4l., 2016). Also, the seed germination process is framed as a key in plant life strategy, especially the
transition from one developmental stage to the following one (Bhardwaj ez 4l., 2016; Zavareh ez al., 2008). The
most recent scale for assessing primary and secondary stages of plants development is represented by the BBCH
scale (Meier, 2018).

A global comeback of MAPs strategies is urgently needed for assuring seed germination as a biological
key on plant life cycle (Liopa-Tsakalidi e# 4/., 2011) because of overexploitation (Catani et 4l., 2020) or low
soil fertility (Zare ez al.,2011). Since in agriculture, the seed germination is considered very important to obtain
vigorous plants and at the end of vegetation period high yields, in recent decades, seed priming, a seed
invigoration method, has become a popular method for increasing germination rates and increasing crop
production (Malarkodi ez al., 2022). Seed priming techniques stimulates and promotes seed germination by
soaking seeds in different agents as a controlled hydration (Farooq e# al, 2006; Zare et al., 2011). The
germination mechanisms affected by the priming techniques are related with reduced time of seed imbibition,
breaking endosperm physical resistance, enhancing radicle growth from the pericarp, increase embryo activity
and radicle emergence, and passing the germination barriers overall (Elouaer and Hannachi, 2012; Ibrahim ez
al., 2016; Ghasemi ez al, 2021). Hydropriming, is a simple, acceptable, efficient technique, also

environmentally friendly, with economic benefits because of water use for stimulating seeds to germinate (Zare
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et al., 2011). Early studies highlighted that hydropriming for 24 hours improved Foeniculum vulgare Mill.
(fennel) (Hoseini ez al., 2013), Tanacetum cinerariifolium Trev. (pyrethrum) (Li ez al, 2011), and
Thymus vulgaris L. (thyme) (Moori and Ahmadi-Lahijani, 2020) germination, 48 hours were needed for
optimal germination of Achillea millefolium L (Nejad et al., 2022), Ocimum basilicum L. (Stoian et al., 2022)
Nigella sativa L. (black cumin) (Fallah ez 4l., 2018), and Satureja montana L. (winter savory) (Vidak ez al.,
2022). Contradictory results were obtained for Catharanthus roseus L. (Madagascar Periwinkle) under salinity
stress (15 hours) (Ghasemi e 4l., 2021), and for Matricaria chamomilla L. (chamomile) primed for 48 and 72
hours (Falahhosseini ez 4/., 2017). Other stimulation methods of seed germination used laser (Abdani Nasiri ez
al., 2018; Mardani Korrani et /., 2023), microwave (Viliche Balint ez 4/., 2016), electric (Stoian et al., 2022;
Kumar and Pandey, 2021), magnetic field (Abdani Nasiri ez a/., 2018; Ercan ¢z al., 2022) or cold plasma (Porto
et al.,2019; Singh et al., 2022) for dormancy breaking and obtaining healthy seedlings with high resistance to
the pest and diseases and also to the negative environmental factors that could affect the optimum growth and
development (Rifna et 4l., 2019).

Salvia officinalis L. having the common name of “Sage” (Arraiza et al., 2012) is a plant in the Mint family
Lamiaceae, subfamily Nepetoideae, tribe Mentheae, and can be found in Europe around the Mediterranean
Sea, in Southeast Asia, and Central and South America (Jakovljevi¢ ef al., 2019). Its importance consists in
MAPs value, frequently used as a spice in Mediterranean cookery, for food industry, and as a traditional
medicine for several infectious diseases treatment (Delamare ez /., 2007; Pidro-Jabrucka et 4l., 2010; Bouajaj
et al., 2013; Jakovljevi¢ et al., 2019). The seed or planting material is important in its reproduction under
production conditions. Common sage is a thermophilic plant, and it was found that seed germination starts at
a temperature of 8-10 °C but also at higher temperatures like 25-28 °C, germinates in 6 days (Sharifi-Rad ez a/.,
2018) or in the range of 10-15 days (Farooqi ez al., 2005) with increased seedling growth in the presence of
constant light (Paiva ez al., 2016). Little information about seed germination with priming methods is available.
Sage seeds were treated using hormopriming with gibberellic acid and increased germination was obtained
(Abdani Nasiri ez 4/., 2018). Priming with hydrogen peroxide (H,O,) improved sage seedling growth under
salinity stress together with seed biochemical activity and enhanced seed germination (Mardani Korrani ez 4/,
2023). Nanotechnology with ZnO nanoparticles application determined more than 90% germination capacity
of sage (Gunes e 4/.,2021). Laser stimulation was successful for sage seed germination rate and percentage, seed
vigor, fast emergence, seedling length, biomass accumulation, chemical properties, and stress resistance (Abdani
Nasiri ez al., 2018; Mardani Korrani ez al., 2023). Seed priming of sage with a magnetic field at 15 Mt increased
seedling length (Abdani Nasiri ez /., 2018), and at 125 Mt enhanced seed germination rate and capacity (Florez
et al.,2012). The germination of sage is difficult, poor, and problematic; therefore, different priming methods
need to be tested on Salvia officinalis L. seeds.

The general aim of this study was to assess different priming methods on common sage seeds
germination in growth chamber under controlled condition. All the further specific objectives were formulated
as questions as follows: (i) Are priming treatments the solution for improving some germination parameters of
sage seeds? (ii)Which is the best priming treatment for sage seeds that could improve some germination
parameters? (iii) Could a seed priming treatment reduce a germination stage time with increasing the
germinated seeds percent? (iv) What is the day’s range for each secondary stage of principal stages germination?

Materials and Methods

The experiment was conducted in a growth chamber with 24 hours - constant light from 20 neon’s of
18 W at 40% humidity and 20 £ 2 °C fixed temperature. A standard germination test was performed with 100
sage seeds in 4 replications, for each treatment. The seed priming methods tested were hydropriming (H),
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clectro-priming (E), magneto-priming (M), and no seed priming as a control (C). All seeds were sterilized with
bleach and distilled water solution of 50% (v/v) before the experimental set-up (Lindsey III e# 4/, 2017; Stoian
et al., 2022). Hydropriming was done for 48 h with distilled water (Farooq ez 4/., 2006). For priming with a
homogenous electric field, the seeds were exposed 20 minutes between two plates at a distance of 15.8 cm
between them to a 25V capacitor (Radu ez 4/., 2015; Fallah ez a/., 2018). The seeds were placed for priming in
a pair of Helmholtz coils for 20 minutes. The coil was securely mounted on a wooden holder, completely devoid
of any metal components. Its alignment was set to north-south, with careful attention paid to minimizing the
angle between the coil's axis and the vertical line, aiming to closely match the orientation of the Earth's
geomagnetic field. The uniform magnetic field with the intensity of 0.22 x 107> T was created and magnetized
the seeds (Pop ez al., 2015). Daily assessments were performed during germination for 14 days. The growth
stages of germination (BBCH 0) were noted according to the BBCH scale (Meier, 2018) for each replication.
The BBCH 06 and 09 secondary stages were completed and detailed in three respectively two extra secondary
stages with the help of a decimal code (Zavareh ez 4/., 2008). The seed features of each germination secondary
stages were captured using an Optika stereomicroscope (8MP camera) to highlight the essential identification
patterns for an accurate seed’s visual assessment. Also, the representative days for passing in the following stage
was set after observations of principal stage germination.

The experimental trial was set up using a local wild variety of sage (Salvia officinalis L.). The seeds were
obtained from Mihai Viteazu County, Romania country from current production. The seeds of Salvia
officinalis L. were previously stored at 20 + 2 °C in paper bags until testing with priming techniques. A set of
germination parameters were calculated.

The GI (germination index) emphasizes the germination speed and percentage. Higher GI represents
higher germination rate and percentages (Kader, 2005).

GI = (14 x n1) + (13 x n2)+...+(1x n14) (1)

where n1-n14 represent the number of seeds germinated on first day until the 14" day and the multiply
number 1-14 represent the weights for each day.

The SRP (sub-stage repartition percentage) was proposed in this article to highlight germinated seeds
percentages of each secondary stage of BBCH scale for each day. This parameter also offers information about
the germination rate and capacity.

SRP (%) == x 100 (2)

where ns represent the number of seeds germinated on a sub-stage and nt was total number of
germinated seeds. The nt was determined on a daily basis, and ns was determined by the number of sub-stages
identified on each assessment day.

Germination peak emphasizes the accumulated number of germinated seeds, in the point of maximum
before the germination rate starts to decrease (Adams and Farrish, 1992).

The Gval (germination value) represents a combined score from germination rate and
complexity (Czabator, 1962).

Gval (%) = MDG x PV (3)

where MDG represents mean daily germination and PV is the germination peak value.
The MGT (mean germination time) highlights the speed of germination stage. Higher values represent
seeds with low germination (Kader, 2005).

(4)
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MGT (%) = zg =
where fare the seeds germinated in day x, the result represents percentages.

The CVt (coefficient of variation of the germination time) was determined by the following expression
(Ranal ez al., 2009). It is representative for the germination uniformity, and allows comparisons regardless of

the mean germination time magnitude.

St 5
CVt(%)=W x 100 (5)
where St is standard deviation of the germination time and MGT is mean germination time.

Data from the germination stage was compiled and analyzed to highlight the differences in germination
parameters induced by priming methods treatments. The RStudio software (R Studio, MA, USA) version
2022.02.3 (R Core Team, 2021) was used to compute averages and standard errors (SE). Following steps
included ANOVA and post hoc LSD test and the package used was “agricolac” (de Mendiburu, 2021).
Principal component analysis (PCA), in “vegan” package (Oksanen er al, 2019), was performed for
highlighting the distribution of each germination secondary stage to all the treatments and from the days with
most significant changes in seed germination.

Results

Sage growth according to BBCH scale for germination

The first result of this study comprises representative imagistic valuable characteristics for each
secondary stages of the germination principal stage according to BBCH scale (Figure 1). An important
observation is represented by the difficulty to differentiate the first three secondary stages respectively BBCH
00-03. Considering the fact that is harsh, difficult, and almost impossible to distinguish the germination
secondary stages from BBCH 00 to BBCH 03, these supplementary sub-stages are important to take into
consideration in assembling an updated BBCH scale for sage. The assessment following the BBCH scale is
important because it represents the newest growth scale and in time could provide a uniformity in the
phenology data. Also, further models could be developed based on data series obtained on a standardized
growth scale.

Salvia officinalis L.

06¢C

Figure 1. All germination secondary stages according to BBCH for sage (the scale represents in each picture
1 mm); Each secondary stage is described in details in Table 1
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The germination principal stage could be assessed from the BBCH 05 when the radicle starts to emerge
from seed pericarp. The seed tegument cracks and it is quite easy to observe the strong swollen emergent radicle.
The secondary stages from BBCH 06a up to BBCH 06¢ were newly added to Meier scale for sage. These sub-
stages were differentiated first by the radicle growth (06a), then by the white bushy root hair appearance
(BBCH 06b), and last for the radicle elongation from the root hair zone (06c). The second change was made
for BBCH 09 where it was newly added the emergence with folded cotyledons (09a) and at the end of
germination principal stage the completely unfolded cotyledons (09b). Only for the germination principal
stage it was added newly information in purpose of updating the BBCH scale for sage.

The sage seeds were almost spherical-shaped, dark-brown coloured, pubescent here and there with short
hair from place to place under the seed pericarp. The seed length was ranging between 2.3-2.7 (£0.05 SE) mm
and the width was between 2.0-2.3 mm (+0.06 SE). After hydropriming for 48 hours these seed sizes changed
t0 2.8-3.0 (+0.09 SE) mm for length and 2.5-2.7 mm (+0.06 SE) for width.

Starting with BBCH 00, breaking seed dormancy happens and the beginning of the seed imbibition
(Table 1). The following secondary stages are marked by the seed power to develop from its own chemical
components to an emerging seedling.

The experimental conditions enhanced seed metabolic activity in BBCH 05 in 4 days in average. The
radicle elongation appeared in 6 days. For cotyledon appearance only 8 days were needed. The end of
germination principal stage was observed after 10 days in average, then the completely unfolded cotyledons
started to open in an angle higher than 90° to make space for the first true leaves appearance and development.
After 14 days from the beginning of germination, the first true leaves appeared.

Table 1. Germination of sage according to BBCH growth scale (Sub-stages, description, and number of
days in continuous light)

BBCH Description according to Period
Code -two | BBCH general extended Additional sub-stages and description for sage dav’
digit scale [35] (ehyomengs)
gt
Principal growth stage 0: Germination
00 Dry seed Inactive seed/Seminal dormancy 1-10
01 Beginning of seed imbibition Beginning of seed imbibition ND
03 Seed imbibition complete Seed imbibition complete ND
Radicle emerged from seed
05 Radicle emerged from seed + a clear crack and white radicle top is visible on 3-5
seed
06 Elongatlox? of radicle, formation 06a Elongation of the radicle 4-5
of root hair and/or lateral roots
06b Root hair zone formation 5-6
06e Radicle continues its ?traight growth from root 7
hair zone
Hypocotyl with cotyledons or Hypocotyl with cotyledons breaking through
07 shoot breaking through seed seed coat 7-8
coat + the hypocotyl arc green zone appearance
Hypocotyl with cotyledons growing towards soil
08 Hypocotyl with cotyledons surface 8.9
growing towards soil surface + 50-80% cotyledons surface visible still kept
under seed coat
Emergence: cotyledons break Emergence: cotyledons break through soil
09 through soil surface 0%a surface o-11
+ folded cotyledons
09b + completely unfolded cotyledons 13-10

*Note: ND=could not be differentiated.
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The effect and differences induced by treatments on seed germination

All four tested treatments acted differently on the daily germination potential of Salvia officinalis, a
phenomenon visible on the germinated seeds number and the time for half and final germination (Table 2.).
In the control treatment, only 5% from the seeds were germinated after 72 hours from the beginning of the
experiment (D3). A third of the tested seeds had germinated in D5, in a significantly higher percentage
compared to D3. After 6 days from the beginning of the experiment, more than 50% of the seeds germinated,
and the final germination was achieved in D10. The increases between these two dates were not significant, and
were limited to near 10%.

Table 2. Daily limits of germination stimulated by applied treatments

C E H M

0 pr——
D3 5.33+1.33 5.33+3.52¢ 15.67+4.17¢ 4.67+1.66"
D4 17.33+11.30" 22.00+3.05" 41.67+6.83" 15.67+5.78"
D5 36.00+8.32® 54.67+7.26% 66.00+7.57* 33.33£13.1®
D6 5467352 |1 56008728 7133520 41.33+12.8"
D7 54.67+3.52° 57.33+6.35° 71.33+5.20° 51.3345.78°
D8 62.67+3.52° 57.67+6.38" 71.67+4.91°

64.00+2.30° 60.0045.29° 71.67+4.91°

*Note: Note: Mean + S.E. followed by different letters presented significant differences at p<0.05 (LSD test) among
the days within each treatment. Assessment days—D; C — Control, E - Electro-priming, H — Hydropriming, M —
Magneto-priming.

The use of electro-priming conduced to a similar result in germination after 72 h (D3), compared to
control. The first difference was observed in D4, when the seeds germinated with more than 5%. Even this
value was considered not significant compared to D3 (from control), it has more than doubled after another
24 h (D5). This treatment reached 50% of germinated seeds after 5 days, and the increases was between the
range of 2-3% at each 2 days until D10. The maximum germination percent was 64, which represented almost
2/3 of the total seeds.

Both hydro- and magneto-priming methods induced very different germination processes, with
differences between the days of the experimentation. Hydropriming was the most favorable priming treatment,
with more than 70% of germinated seeds. This treatment set the germination time to 10 days, with significant
changes between the number of germinated seeds in D2 and D3 compared to the day’s range between D6-
D10(14). It was the only treatment that stimulates the germination within the first 24 h, when 2-3% of seeds
started this physiological process. More than 15% of the seeds had germinated within the first 72 h (D3), a
value which was completed by another 25% of seeds in D4. Another 25% increase in germinated seeds was
observed in DS, when 2/3 of seeds started this process. Magnetic field acts differently on sage germination, with
faster germination rates but an overall lower germination potential. The value recorded after 72 h (D3) and 96
h (D4) was similar to the control and the electric treatment. After another 24 h (D5), the number of
germinated seeds doubled, and starting with this point the increase was within 8-10% until the end of
germination which took place on day D8 of experimentation.
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treatments showed multiple differences (Table 3).

Table 3. Differences in germination parameters induced by treatments

P/Treat C E H M

D5 36+8.32ab 54.66+7.26ab 66+7.57a 33.33+13.1b
D6 54.66+3.52ab 56+7.23ab 71.33+5.20a 41.33+12.8b
D8 62.66+3.52a 57.66+6.38a 71.66+4.91a 58+1.52a

D10 65.33+2.66a 64.33+8.68a 72+4.61a 58+1.52a

GI 16.52+1.30b 17.9242.30ab 25.06+3.47a 14.63+1.35b
Peak 11.64+1.09b 13.66+1.81ab 17.44+1.28a 10.52+1.30b
Gval 58.17+£3.99b 71.98+17.0ab 97.37£13.0a 46.95+6.07b
MGT 0.23+0.03b 0.29+0.01b 0.31+0.02a 0.23+0.03b
CVt 32.55+4.09ab 47.30+7.43a 31.91+3.40b 24.66+1.75b

*Note: Mean + S.E. followed by different letters presented significant differences at p<0.05 (LSD test) among the
treatments within each table line. Legend: D — Assessment days, C — Control, E - Electro-priming, H - Hydropriming,
M - Magneto priming. GI - germination index, Peak — germination peak, Gval — germination value, MGT — mean
germination time, CVt — coefficient of variation of the germination time.

The hydropriming was the first treatment that reached more than 50% of germinated seeds from the
total seed pool after 5 days of experimentation. This treatment differs significantly compared to magneto-
priming, while both control and electro-priming were assessed as non-significant. After 24 h (D6), only
magneto-priming registered less than 50% of germinated seeds, significantly lower compared to hydropriming,
This last treatment reached 71% of germinated seeds, with more than 15-17% seeds compared to the control
and electro-priming treatments. Both D8 and D10 represent the final of the germination principal stage, D8
for magneto-priming and D10 for the rest of the treatments. For both days, there were not identified any
significant differences between the applied treatments.

Based on the germination pattern identified within the entire experiment, only a reduced number of
germination parameters presented significant differences. The mean germination rate (MGR) was set in a range
of 0.23-0.31 day™', with the highest value in the hydropriming treatment. The differences between control,
electro- and magneto-priming for this parameter were non-significant, which indicates a similar potential of
activating the seeds that can germinate. A different phenomenon was observed for the coefficient of variation
(CVt), which reaches the highest value in the electro-priming treatment. The maximum value observed in this
treatment doubled compared to magneto-priming, and with more than 15% higher compared to the control
and hydropriming. Both of these two last treatments exhibited similar values for CVt, which indicates similar
percent of germinated seeds daily, from the total number of germinated seeds. The germination index (GI),
which presents the possible number of days necessary for 100% germination, shows significant differences
between treatments. The fastest treatment was considered magneto-priming, with less than 15 days necessary
to complete seeds germination. A similar value was recorded in the control treatment, and a slightly one (17.92)
for the electric treatment. Both of these treatments showed no significant differences compared to magneto-
priming. The longest period for a complete germination was associated with hydropriming, significantly higher
than control and magneto-priming treatments.

Both Peak and Germination values presented highly significant differences between treatments. The
peak value was recorded in hydropriming, with 4-7 days longer than the other three treatments. As a similar
trend was visible for germination value, with more than 97 units for hydropriming, significantly higher
compared to control (less than 60 units) and magneto-priming (less than 50 units).
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Pattern of BBCH stages shaped by applied treatments

The information on embryos growth and development which was provided by the analysis of BBCH
sub-stages in completed when the numerical approach is also assessed (Figure 2).

The germination is not a homogenous process, having a gradual development of seeds in different sub-
stages during the period of 14 days of experimentation. This context reveals the importance of recording each
seed from a pool in its specific germination sub-stage to have a realistic idea of the entire process flow. The use
of a matrix for recording sub-stages ensures a good methodological system, that provides a daily image of seed
number in each of the sub-stages of germination. Several benefits are achieved through this approach:

a) the matrix shows the number of seeds that did not start the germination;

b) each substage is visible and the number of days necessary for a number of seeds to reach a
specific sub-stage is recorded;

c) significant changes between days in terms of sub-stages are clearly visible in the records matrix;

d) the number of seeds that remain in lower sub-stages when more than 50% seeds are
germinated is clear and provide a useful information regarding the homogeneity of this
process;

e) as a practical approach, the matrix of sub-stage recording act as a tool for scheduling the
germination for the production of fresh plants, based on the seed pool germination potential.

(a) (c)

Date  Sos Soba  So6b  Sobc  Soy So8 Soga  Soob Date  Sos Soba  Sobb  Sobc  So7 So8 Sooa  Sogb
Dz D=
D3 D3y
Dy Dy
Ds 15* Ds
D6 12* 24 Dé
D7 23" D7
D8 4 D8
Dg Dg
Do 2 Do
Dn Du
Dz Dz
) Dy
Dy Dig
(b) (CY
Date  Sos Sofa  So6b  Sobc  Soy So8 Soga  Sogb Date  Sos Soba  Sobb  Sobc  So7 So8 Soga  Sogb
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Figure 2. Daily percent of germinated sage seeds in $05-S09 sub-stages according to BBCH scale (a-
control-color green; b-electro-priming-color red; c-hydropriming-color blue; d-magneto priming-color
magenta); Legend: * - indicates significant differences at p<0.05; color codes: darkest >50%; intensity color
25-50%; low intensity colors 10-25%; and light colors <10%

The observations on BBCH scale, related to the number of germinated seeds in each experimental day
showed a different pattern for each treatment (Figure 2 a-d).

In D2, only hydropriming present germinated seeds, located in BBCH 05 and 06a, the rest of the
treatments did not show any germination in this day. Starting with D3, both control, electro- and magneto-
priming had all seeds in BBCH 05, with 24 h lag compared to hydropriming. For this last treatment, seeds
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germinated in D2 reached BBCH 06a and 06b, while a new set of seeds entered in BBCH 05. During D4 of
the experiment, was observed that most of the control seeds were in an advanced stage (BBCH 06a) compared
to electric and magnetic field, while hydropriming showed a constant activation of seeds and a balanced
placement in sub-stages. During D5, none of the treatments showed more of 50% germinated seeds in one
BBCH sub-stage. In this day, the control seeds were in the sub-stage range BBCH 05-07, up to BBCH 08 in
hydropriming and restricted to BBCH 06¢ in electric and magneto-priming. This showed the slower
germination process in the last two treatments. Starting with D6, the differences in the sub-stage pattern
between treatments were more visible. Control presented more than 50% seeds in one sub-stage only in the last
two days of the experiment. The D7 was the first day when BBCH 05 was not recorded in this treatment. The
general pattern of sub-stages showed a one (maximum two) sub-stages rate of increase in 24 h up to D12, when
only BBCH 08, 09a and 09b were recorded. Two exceptions were visible in this variant, in D10, when 2% of
the total daily germinated seeds were recorded directly in the BBCH 06a, which advanced two sub-stages in 24
h.

Electro-priming treatment presented a two days’ lag in the new seed’s germination, starting with D6. In
this day, 1% of the total germinated seeds were in BBCH 05, a phenomenon replicated with the same percent
in D7 and D9 (where the lag was observed). These seeds advanced in the next sub-stage within 24 h, but after
this period the advance consisted in multiple sub-stages in 24 h. The peak for BBCH 08 was achieved in D8,
while for BBCH 092 in D10. Both seeds sub-stages were present between 4-5% in the last day of the experiment.

For hydropriming treatment, both D6 and D7 represent the last days when BBCH 05 was recorded,
with less than 5% of the total daily germinated seeds present in this sub-stage. Starting with D8 until D11, all
the newly germinated seeds entered directly in BBCH 064, followed by a high advance from this sub-stage up
to BBCH 07 and 08 sub-stages within the next 24 h. The BBCH 08 was visible until the end of the experiment,
in less than 5% of the germinated seeds. This treatment presented the highest share of seeds in BBCH 09b,
which sustain the unitary ending character of the germination process.

The most interesting treatment was magneto-priming, with the lowest number of germinated seeds and
the highest germination speed. In both D6 and D7, a similar pattern of germinated seeds and sub-stages
allocation was observed. The values recorded for BBCH 05 were 3 times higher than hydropriming in these
days. For D9 and D11, a pattern similar with electric field was observed, but with a forced advance from one
sub-stage to another within 24 h. During D6-D12, in magneto-priming no peak higher than 50% share of daily
germinated seeds was visible for only one sub-stage. Only in the last two days of the experiment, more than 55%
of germinated seeds were placed in the final sub-stage (BBCH 09b) of this process, while in D14 this value
increased with 23%.

Significant differences between the applied treatments, in the number of seeds in each sub-stage, were
recorded only in a reduced number of sub-stages. Middle germination interval sub-stages (BBCH 06b and 06¢)
presented significant differences in D5 and D7, while for the advanced sub-stages, these differences occurred
gradually. For BBCH 08 in D7 were the highest differences between treatments, while in the next 24 and 48 h
these differences were visible in the number of seeds that entered in BBCH 09a. The last two days (D13 and
D14) exhibited the highest differences within the entire experiment, with large ranges between seeds that
entered in the final sub-stage (BBCH 09b). These last differences, were due to the number of activated seeds
by each treatment, which also induced a different development pattern.

Key-moments in sage geymination

The extraction of the key-moments in the germination process permitted the assessment of both sub-
stages pattern and total number of germinated seed in one PCA ordination for cach treatment (Figure 3 a-d).
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Figure 3. PCA for all treatments in selected significant days respectively (D5, D6, D8 and D10) and the
germination secondary stages observed
(a) —Control [variance explained by axis: Axis 1=52.53%; Axis 2=23.21%]; (b)- Electro-priming [variance explained
by axis: Axis 1=62.05%; Axis 2=18.97%]; (c)- Hydropriming [variance explained by axis: Axis 1=68.45%; Axis
2=18.37%]; (d) Magneto-priming [variance explained by axis: Axis 1=56.18%; Axis 2=18.02%]. Isolines represent

seed percentages for each secondary stage of all treatments.

The selection of D5 and D10 was done for their first 50% of germination and the final value of
germination. Additional, D6 was considered the control 50% germination and D8 the final of germination for
magneto-priming,

For these days, in the control variant (Figure 3a), the number of germinated seeds was in the range of
35-65%, with a more pronounced presence of BBCH 05 and 06a in D5. The sub-stage patterns in this day
indicates a stability of germination process, while the position of BBCH 06c¢ vector indicates the possibility of
a great change in the lower sub-stages until D6, with the activation of new seeds. In D8 and D10, there was
visible a high fluctuation of sub-stage patterns, with BBCH 08 vector oriented between D8 points,and BBCH
09a vector oriented inside the D10 points. This indicated a continuous presence of BBCH 08 sub-stage while
the germination process advance, and a continuous change in the number of seeds that entered in the final
germination sub-stage (BBCH 09a).

The absence of BBCH 06b and 09b vectors indicates the short-term character of the first sub-stage, and
the low number of seeds that can enter BBCH 09b within the first 10 days from the germination beginning,
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Electric field showed a different PCA projection, with the absence of BBCH 06 and 06a vectors (Figure
3b). A circular isoline projection is visible for the total number of germinated seeds, with a clear separation
between D5 and D6, respectively D8 and D10. Both D5 and D6 are located in the left part of the ordination,
in a reduced area and BBCH 06b and 06¢ vectors are oriented within this group of points. This indicates a 24
h change within these two sub-stages due to the application of electric field. At the opposite, D8 point are
located in the ++4 quadrat of the ordination, in a condensed area and within the angle described by BBCH 07
and 08 vectors. The vectors position indicates a seed advance potential in this day to one or another from these
sub-stages. Both BBCH 09a and 09b vectors are oriented inside the D10 group of points, which indicates the
presence and the continuous seeds advance to the final germination process.

Hydropriming treatment (Figure 3c) implies a more stable ordination compared to electric treatment.
The first two days are located in the same area, with all BBCH 06 vectors oriented within this group. This
indicates a similar flow of seeds that enter in BBCH 06 secondary-stage until D6 and the presence of all phases
(BBCH 06 a, b and ¢). The angle formed by BBCH 08 vector with the 09a and 09b vectors is larger than in
electric field, and indicates a higher difference in terms of the time between D8-D10. The differences between
the position of points on isolines is moderate in terms of the PCA ordination, indicating a slight difference in
the sub-stage allocation patterns in the last two days. Starting with D10, a visible change is in seeds that enter
cither BBCH 09a or 09b, indicating a potential pause of more than 24 h of seeds in these sub-stages.

The magnetic field produced a high variation within daily sub-stage pattern (Figure 3d) of germinated
seeds. The BBCH 06¢ and 07 vectors are not significant for the ordination, both D5 and D6 being positioned
at high distances on isolines. The semi-circular shape of isolines sustain the opposite character of daily recorded
sub-stage patterns. The position of D8 points indicates a transient sub-stage pattern, with additional specific
sub-stage features, positioned outside of the connective isolines between D5, D6 and D10. The presence of
BBCH 08 vector indicates a high change potential of this sub-stage in D8. Both BBCH 092 and 09b vectors
are oriented toward D10 points, indicating that seeds that complete this germination time reach the final sub-
stages of this process. The difference in the position of each point from D10 indicates a potential different
pattern of seeds in lower sub-stages (BBCH 05-08) at 10 days from the beginning of germination.

Discussion

The effects of priming treatment on sage seeds and thus on the germination process has been little
investigated (Sharma ez 4/., 2019). It was observed after this experiment that sage seeds could be considered as
a part of four different categories based on daily registered germination percentages: 2 —seeds with a rapid
germination potential, which activates this process within the first 2 days; & — seeds with a medium range time
for germination, which are visible within the first 6 days; ¢ — seeds with a lower germination time, that require
10 days for starting this process; d — inactive seeds, which cannot break their dormancy. The phenomenon
could be explained by the control treatment that showed a rapid germination potential within the first 6 days
of the experiment when more than 50% of the seed pool started this process. The final germination value was
set to almost 2/3 of the seeds, but the increase is of only 10% of seeds. In literature were proposed five dormancy
classes respectively physiological type, morphological type, morpho-physiological, physical and combinational.
The most common type is represented by the physiological dormancy, all further types have different levels and
types except physical dormancy (Beweley, 1997). All the seeds shortly after seed imbibition, exhibit the
dormancy resume with promoting organelles changes from the embryo cells (Kozlowski and Pallardy, 1997).
The embryo self-supports the nutritional requirements and the seedling are developing from the endosperm
reserve materials like starch, proteins and lipids by translocating directly to the active growth areas (Khajeh-
Hosseini et 4l., 2010).

Hydropriming technique determine different seeds germination percentages and therefore other
germination-based categories. More than 15% of seeds had a rapid-range germination potential, and another
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46% a mid-range. This treatment is good to rapidly activating the germination process in sage seeds, with more
the 72% of seeds germinating within first ten days. Usually, emergence of the radicle is the criterion for
germination in general (Heslop-Harrison, 1972). The entire process is fully developed when the embryo has
cotyledons, radicle and a relatively small amount of endosperm (Khajeh-Hosscini ez /., 2010). Once the seeds
germinate, the root formation happens, and the next step is to develop the young seedling (Berger et al., 2006).
In some condition, like in this experiment, at a point, the germination—seedling stage has a pause indicated by
decreasing of germination parameters (Baskin and Baskin, 2004). The recent studies highlight the beneficial
effect of hydropriming on sage seed germination and seedling growth and development (Sharma ez 4/, 2019;
Ozden et al.,2017; Tahaei et al., 2016).

The magnetic field cause a fastest germination process, only 8 days were necessary for this process to be
completed. More than 40% of seeds were considered rapid- and medium-range seeds. The disadvantage of this
treatment is that activates with 15% less seeds than hydropriming and even 7% less seeds compared to control.
It is a treatment that speed the germination process, but for less than 2/3 of seeds, which makes it the least
favorable treatment. The endorsperm growth is influenced by the seed integuments, the latter ones regulate the
growth by a sporophytic effect (Berger ez al., 2006). Between these two constituents existed a mechanistic
conexion more likely being affected by biophysical forces. Hereby the endosperm could be affected by internal
mechanical tensions and the magnetic field applied to seeds (Berger ez al, 2006). The seed germination
represents principal physiological processes influenced by the magnetic field (Abdani Nasiri ez al., 2018). The
seed’s reaction to the magneto priming may differ depending on the field intensity, also to the subjected
treatment exposure time. The enzymatic intense activity induced by the magnetic field affects the mitotic cycle
and promotes seed physiological activity (Abdani Nasiri ez 4/., 2018). Therefore, the scientific perspective offers
the response of magneto-priming advantages upon seed germination and seedling growth up to a certainly
degree of field intensity. This advantage could also have a turn back opposite effect with affecting seed integrity
and embryo damage (Morillo-Coronado ez a/., 2022), resulting in decreased germination rates.

The electric treatment set the number of seeds in the category 4 to 22%, and the medium-range ones to
34%. Based on these two values, this treatment is able to activate more than half of the seeds within the first 6
days of germination. Low-range seeds are less than 8% from the total pool, which indicates the potential of
electric field to activate the sage seeds. Another study found that the optimal electrostatic field for tomato was
2Kv/MM for 20 seconds exposure time with enhancing seed germination and vigour (Gandhare and
Patwardhan, 2014). The electric application on seed act toward stimulating dipole-dipole interactions in the
embryo. In general, the principal consequence could be seen in different physiological changes as water content
availability, biochemical changes including respiration (Dymek ¢ /., 2012; Mahajan and Pandey, 2014; Rifna
etal.,2019).

The difference between treatments was visible in D5-D10 range, with one or two days between halfand
final germination. There was observed a double number of germinated seeds between hydro- and magneto-
priming treatments. The DS indicated a very reduced potential for activating sage seeds by applying a magnetic
field. However, after 24 h (D6), the number of newly germinated seeds doubled in magneto-priming compared
to hydropriming treatment. Similar results were found on a sage seed germination test where was stated that
sage could germinate in five days depending on temperature and light regime (Paiva ez 4/, 2016).

The highest value of new germinated seeds in 24 h was visible in the control treatment, when the increase
was almost 20%, 2 to 10 times higher than in other treatments (D5 to D6). The absence of significant
differences between treatments was visible starting with D8, when the germinated seeds was close to the final
value. In this day, magneto-priming reaches the final germination value, similar to electric treatment. After
another 48 h (D10), electro-priming activates another 7% of seeds, which set the final germination value to
64%. A selection of germination parameters showed that sage had a lower value under a 125 mT stationary
magnetic field treatment compared to the control. The mean germination time was significantly lower (Florez
et al.,2012). In the same way, as the magnetic influence, the electric field could improve the seed germination
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on a very set threshold. The strength of electric field could act toward changing the seed polarity by producing
discharges which induce seed ionization (Schmiedchen ez 4/., 2018).

The values of MGT indicates a range of 3-4 days for a sage seed to germinate, this value being higher in
hydropriming, due to the increased potential for activating this process. The embryo turgor degree induces the
mean germination rate toward different patterns. Usually, this parameter is higher correlated with seeds age
(Mavi ez al., 2010) and it is a measure of frequency.

An interesting case is the control, which presented slightly higher values compared to magneto-priming
treatment. The CVt recorded in the experiment indicates almost 50% of this parameter in the electric
treatment. Based on this value, a two-time number of germinated seeds can be achieved within 24 h in the entire
period necessary for this process. The low number of germinated seeds in magneto-priming treatment was
observed in the CVt value, which indicates more than 96 h necessary for obtaining significant difference. The
dispersion of germination over time could be explained by the coefficient of variation and also gives important
information about germination uniformity. The physiological quality to overcome dormancy presents
sensitiveness upon different treatments, genetic stock and environmental conditions (Ribeiro-Oliveira and
Ranal, 2016).

The most interesting case was the variation in GI, which set magneto-priming as the fastest treatment
for a complete seed’s germination. This value was at opposite with its potential of seed activation, which was
lower than 60%. Based on the intersection of both information, magneto-priming represents a good treatment
in large pool seeds available (Thakur ez 4/, 2022), when the time is more important than the number of
germinated seeds. As an alternative to magneto-priming, both control and electro-priming can be used. If we
rank the treatments according to the efficiency of the interaction on sage seeds, the electro and no priming
treatments shows a medium to low efficiency on the germination process. These treatments increase the time
necessary for complete germination within 2-3 days, but also increase the final number of germinated seeds
with 6-7% compared to magneto-priming. In same terms of treatment efficiency, magneto-priming could be
classified by time efficiency due to the small number of seeds germinated during the experiment period in a
short period of time. This method still could have the advantage of several adaptive changes in the
morphological and structural characteristics, metabolites accumulation and sometimes even by gene expression
changes (Thakur ez 4/., 2022). Hydropriming can be considered the most performant treatment based on the
final value of germinated seeds, but the time necessary for a 100% germination was with 7-10 days, longer than
the other treatments. The obtained results could be because of the sufficient time allocated to seeds in the
priming period and because of the slow water uptake necessary for the activation of all germination process
(Dastanpoor ez al.,2013). It is highlighted that in terms of time treatment efficiency this is the best seed priming
method. This treatment is very useful when the sufficient germination time is available and it is required a high
number of germinated seeds from the seed pool.

Conclusions

Priming methods has great potential for practical application towards improved germination process of
sage seeds. In the present experiment, the treatments were raked as following: hydropriming, electro-priming,
control and magneto-priming. Germination parameters respectively GI, Germination Peak, Gval registered the
highest values in hydropriming treatments. The dispersion of germination CVt was the highest in electro-
priming. The results have shown that all the priming tested methods could be also classified as follows:
hydropriming with maximum efficiency in terms of seed germinated percentage at the end; magneto-priming
was temporal efficient because of the lowest days” number needed to complete seed germination, and electro-
priming with medium-low efficiency because of decreased seed germination percentage at the end compared
with the control. The updates in the BBCH scale for germination are important for the better description of
this process for sage and the detection of physiological characteristics of seeds from this species. The use of a
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matrix system for recording daily changes in sub-stages enables the complete description of germination in
separate and comparable sequences.
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