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ABSTRACT

Enhancing herbal plant germination through biological priming is crucial under water stress conditions. This study
investigated the effects of different biopriming techniques on the physiological and biochemical attributes.of two lavender
genotypes (English and French) under water stress induced by PEG-6000 (-1, -0.5, -0.25, and 0'MPa).during 2022. Results
indicated that the English genotype outperformed the French genotype regarding germination parameters and photosynthetic
pigment content, while the French genotype exhibited higher activity levels of antioxidant enzymes. Under well-watered
conditions, hydropriming (HP) and Azetobacter + Pseudomonas (AzPs) treatments led.to the most excellent germination
percentages and tallest seedlings in the English genotype. Hydropriming and AzPs treatments resulted in the most elevated
levels of chlorophyll a, b, and total. Additionally, when subjected to water stress,.the AzPs’treatment showed the highest
chlorophyll b and total. Proline content was found to vary between genotypes.and\treatments, with the highest mean
associated with the English genotype and seed priming with AzPs + Arbuscular mycorrhizal fungi (AMF) under the highest
level of water stress. The study suggests that bio-priming with biofertilizers and hydropriming can improve germination
parameters and physiological characteristics, with individual biofertilizers being more effective than their combined
application. Moreover, the English genotype exhibited superiorfeatures.to the French genotype, and using of AMF and AzPs
alone can enhance seed germination and improve the biochemical characteristics of lavender under water stress conditions.
Keyword: Antioxidant enzymes, Arbuscular mycorrhizal fungi, ‘Hydropriming; PEG-6000, Photosynthetic pigment
content, Proline content.

INTRODUCTION

Lavender (Lavandula spp.), belonging to the Lamiaceae family, is a renowned genus of flowering plants. It is
often grouped alongside fragrant herbs like mint, basil, and thyme. This perennial plant is indigenous to the
Mediterranean region but has gained popularity worldwide due to its varied uses in horticulture, medicine, and
gastronomy [1, 2]. There are several species of lavender, but two of the most commonly cultivated and
commercially important species-are Lavandula angustifolia (English lavender) and Lavandula stoechas (French
lavender) [3]. English lavender is native to the Mediterranean region and is widely cultivated for its fragrant
flowers and essential oil."French lavender is found in some areas of Southern Europe and North Africa. It is also
known as Spanish.lavender or butterfly lavender. The name "French lavender" may be due to its popularity in
French gardens and-its use in French perfumes and soaps. However, it is important to note that French lavender
is different from the species of lavender native to France, which is Lavandula angustifolia [3, 4, 5].

Lavender, known for its versatility and pleasant fragrance, is widely used in aromatherapy, perfumes, cosmetics,
and Mediterranean cuisine. Its medicinal properties have been historically utilized in herbal medicine for treating
conditions such as anxiety, insomnia, and headaches [6, 7]. Due to its numerous benefits, lavender has recently
become a popular research subject. Scientists have investigated its chemical makeup, biological activities, and
potential therapeutic uses. On the other hand, a low percentage and slow germination rate are some of the
problems in cultivating lavender [8]. It seems that studying the improvement of germination indices using various
techniques could be a fascinating area for research. Methods such as seed priming with biofertilizers and exposure
to salinity, and drought stresses have been studied [9, 10, 11]. Under drought-stress conditions in plants, seed
priming with biofertilizers, growth hormones, and micronutrients is beneficial for inducing drought stress [12].
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Seed priming, a method in which seeds are hydrated to activate metabolic processes without actual germination
and then dried, enhances germination, stand establishment, and stress tolerance in various crops. Biopriming,
which involves applying plant growth-promoting rhizobacteria to seeds, accelerates and evens out germination,
ensuring rapid, uniform crop establishment and ultimately enhancing harvest quality and yield. This technique
enables bacteria to adhere to seeds and adapt to prevailing conditions [13]. Seed priming with biofertilizers is an
important technique studied in recent years for its potential to enhance the germination and growth of various
medicinal plants, including Calendula officinalis L. [14] and Melissa officinalis L. [15]. Biofertilizers are natural
fertilizers that contain living microorganisms, such as bacteria, fungi, and algae. These microorganisms interact
with the plant's root system and soil, improving nutrient uptake and promoting plant growth [16]. Seed priming
with biofertilizers involves soaking the seeds in a solution containing beneficial microorganisms before planting.
This process enhances the seed's ability to absorb water and nutrients and stimulates the growth of beneficial
microorganisms in the soil. As a result, seed priming with biofertilizers can lead to faster germination, higher
germination rates, and better plant growth [11]. Seed priming with biofertilizers has improved seed germination,
seedling emergence, and alteration of physiological and biochemical traits [17, 18].

Biochar, a carbon-rich organic material produced through the pyrolysis of biomass, has garnered attention for its
unique structure and characteristics. It has demonstrated potential in enhancing soil fertility; boosting crop
productivity, and promoting carbon sequestration [19, 20]. Some studies have reported-positive.effects on seed
germination and seedling growth [21], while others have reported adverse or no significant impact [22]. Although
the biochar derived from high-temperature biochar hindered rice seed germination, they.all positively influenced
rice seedlings' growth, leading to a notable increase in both root and shoot length.[23]. Given the importance of
the herbal plant lavender, its industrial utilization, and the growing global water stress, conducting the present
study becomes imperative. Considering the factors mentioned above, we experimented to explore the impact of
seed priming with biofertilizers and biochar on the germination, ,growth; physiological, and biochemical
responses of two Lavender species (English and French) under water'stress conditions.

MATERIALS AND METHODS

Experimental Design and Plant Material

This experiment was conducted three factorial experiments using a completely randomized design (CRD) with
three replications to evaluate the impact of different seed priming techniques (including unprimed seed as control,
hydropriming (HP), Azetobacter and Pseudomonas(AzPs), Biochar (Bi), AzPs + Arbuscular mycorrhizal fungi
(AMF), AzPs + Bi, AMF + Bi, and AzPs + AMF + Bi) on the germination and growth parameters, as well as
physiological and biochemical characteristics of seedlings from two lavender genotypes (English and French)
under water stress (induced by polyethylene glycol 6000: PEG-6000) at different osmotic potentials -1, -0.5, -
0.25, and 0 MPa. This setup achieved the desired osmotic potentials by irrigating the respective Petri dishes.

In June 2018, mature seeds of English-lavender were gathered from Zargiyah Farms in Firuzabad County, Fars
Province, Iran, located at 34° 37°.°N, 54 ° 45> E, at an altitude of 1790 m. The seeds were freshly collected for
production purposes. Additionally, French lavender seeds were procured from Pakan Bazar Company in Isfahan,
Iran. The average.dry weight of 1000 seeds was 1 + 0.15 g, and the seed moisture ranged around 11.2%.

Germination Test and Measurement of Germination Traits

Biopriming was conducted utilizing Azetobacter chroococcum strain 5 and Pseudomonas fluorescens strain 186.
These native soil bacteria were obtained from the Soil and Water Research Institute in Karaj, Iran. In the process
of seed inoculation, a blend comprising 7 g of bacterial inoculant was applied, with each gram housing 107 viable
and dynamic bacterial cells. Furthermore, Arabic gum was integrated at a weight ratio of 10% to enhance the
adherence of the inoculant to the seeds. All inoculation operations were conducted in a shaded environment, away
from direct sunlight, and after the seeds had dried, they were sown [24]. The mycorrhizal fungal species used
was Funneliformis mosseae, which is native to the country and was sourced from the Biological Research
Division of the Soil and Water Research Institute in Karaj, Iran. For inoculating arbuscular mycorrhizal fungi, a
quantity of 30 g of inoculant mixture was prepared, containing spores (10 to 12 spores per gram), hyphae, and
crushed colonized vesicles (75 to 85%) along with uncolonized root fragments, all mixed with seeds in a



container. This mixture was maintained under ambient conditions for 24 h to ensure complete inoculation [25].
The biochar was sourced from Fasle Pajam Company, Iran. Seed priming was carried out using a 10% solution
(as recommended by the manufacturer) of this mixture, and seed priming was conducted for 24 hours.

After applying all priming treatments, the seeds were kept at room temperature for 24 hours for storage and
drying. Before performing the seed experiment, the seeds were subjected to a disinfection process. This involved
using 70% ethanol for one minute, followed by a 5% sodium hypochlorite solution for 30 seconds. Finally, the
seeds were washed thrice with sterile distilled water to ensure cleanliness [9].

The experiment involved placing 50 seeds on Whatman paper No.1 in each Petri dish (10 x 1.5 cm), then adding
7 mL of PEG-6000 solution with the required concentration for each dry treatment. To prevent water evaporation,
the dishes were covered with paraffin and moved to a germinator, where they were subjected to a temperature of
23 + 2 °C, relative humidity of 75 £ 5%, 16 h of light, and 8 h of darkness. The final germination count (normal
seedlings) was conducted on the 10" day of the experiment, and after three consecutive days, no further increase
in germination was observed. The Michel and Kaufmann [26] equation was used with PEG-6000 to replicate the
water stress conditions in the growth chamber. In this equation, ¥'s represents the osmotic potential in.MPa, C
represents the concentration of PEG-6000 in g per liter of water, and T represents the temperature 'of the
experiment in °C (which was 23 °C in this experiment). The equation is as follows:

Ws=—(1.18 x10?) x C — (1.18x10™*) x C2+ (2.67x10*) x CT+ (8.39x107) x C?T.

After the 10-day germination period, several parameters were measured, including seed.germination percentage
(GP), germination rate (GR), mean germination time (MGT), seedling length (SL), Seedling vigor index (SVI),
coefficient of variation of the germination time (CVT), coefficient of uniformity.of germination (CUG), peak
value (PV), and germination value (GV). These parameters were calculated based on previous studies such as
Maguire [27], Liopa-Tsakalidi et al. [28], Aghighi Shahverdi et al. [9], Gorzi et al. [29]; Aravind et al. [30].

Measurement of Physiological and Biochemical Characteristics

Following two weeks of growth, the seedlings from each replication were-gathered and rapidly frozen in liquid
nitrogen. The frozen samples were then stored in an ultra-low freezer at -80 °C for future physiological and
biochemical characteristics. It is worth mentioning that biochemical traits were measured using the seedling (root
+ shoot) as the sample.

To measure the absorbance spectrum of chlorophyll a.(Chl-a), chlorophyll b (Chl-b), and carotenoids (Car) in the
seedlings of both lavender genotypes, the Lichtenthaler and Wellburn [31] method was employed. In this method,
1.0 g of plant material was ground in a mortar, and liquid nitrogen was added to freeze and crush it. Then, 5 mL
of 80% acetone was added to the sample and centrifuged at 5000 rpm for 10 min. The resulting extract was
transferred to a glass vial. Three mL of this solution was poured into a cuvette, and the absorbance was measured
at wavelengths of 663.2 nm and 646.8:nm.for Chl-a and Chl-b, respectively, and at a wavelength of 470 nm for
Car, using a spectrophotometer (Perkin Elmer Lambda 25, USA). The concentration of the photosynthetic
pigments was determined using the following formulas, and the results were presented as pg.g™* FW:

Chl-a= (1225 X Aesg,z) — (279 X A545,8)

Chl-b = (21.51 X A646.8) — (5.1 X A653,2)

Total-Chl = Chl-a + Chl-b

Car = (1000 x A470—1.82 x Chl-a—85.02 x Chl-b)/198

Bates et al. [32] described the method used to measure the free proline content in lavender seedlings. In this
method, 0.5 g of seedling material from each petri dish was placed in 10 mL of 3% sulfosalicylic acid, and the
resulting mixture was homogenized in a mortar. The homogenate was then centrifuged at 4000 rpm for 10 min.
The resulting extract was filtered through Whatman filter paper (no. 2). Two mL of the purified extract were
mixed with 2 mL of ninhydrin reagent and 2 mL of glacial acetic acid in a test tube. The test tubes were then
placed in a boiling water bath for one hour at 100 °C, and immediately after removal from the bath, the samples
were placed in an ice bath for a few min. In the next step, 4 mL of toluene was added to each test tube. The
proline concentration was determined using a spectrophotometer at a wavelength of 520 nm, based on the
standard proline curve. This method is commonly used to measure the proline content in seedlings.



The Chance and Maehly [33] method was used to measure the activity of catalase enzyme (CAT: EC.1.11.1.6).
For this purpose, a reaction mixture containing 0.75 mL of 100 mM potassium buffer with pH 7.0, 20 pyL of
protein solution, and 1500 pL of distilled water was added to a quartz cuvette. 750 pL of 70 mM hydrogen
peroxide (H20) was added to the reaction mixture to measure the enzyme activity. The activity of the CAT was
measured by determining the amount of hydrogen peroxide consumed over 60 seconds at 240 nm and 25 °C using
a spectrophotometer. The enzyme activity was calculated using the extinction coefficient of 39.4 per mM per cm.
The MacAdam et al. [34] method with slight modifications was used to measure the quantitative activity of the
peroxidase enzyme (POD: EC 1.11.1.7). The measurement was based on this enzyme's level of guaiacol
oxidation, which converts guaiacol to tetraguaiacol. This method mixed 50 pL of enzyme extract with 3 mL of
1.0 mM potassium phosphate buffer solution (pH 6) and 50 uL of pure guaiacol liquid (as an electron donor).
Then, 50 pL of 3% hydrogen peroxide solution (as an electron acceptor) was added to the mixture, and changes
in light absorption at a wavelength of 436 nm were immediately recorded for 3 min at 15-second intervals using
a spectrophotometer. After adding oxygenated water and guaiacol solution, the mixture turned reddish-brown.
To zero the instrument (blank), a mixture of 3 mL of 1.0 mM potassium phosphate buffer solution, 50(pL of pure
guaiacol, and 50 pL of 3% oxygenated water was used.

The superoxide dismutase activity (SOD) was measured using the method developed by ‘Beauchamp and
Fridovich [35]. To summarize, a reaction mixture consisting of 3 mL containing 0.1 mL:0f:200 mM methionine,
0.01 mL of 2.25 mM nitro blue tetrazolium, 0.1 mL of 3 mM EDTA, 1.5 mL of 100 mM potassium phosphate
buffer, 1 mL of distilled water, and 0.05 mL of the extracted enzyme was prepared in duplicate from each enzyme
sample. Two tubes without enzyme extract were also included as controls. The reaction was initiated by adding
0.1 mL of riboflavin (60 uM) and exposing the tubes to a light source of two 15 W fluerescent lamps for 15 min.
The reaction was stopped by switching off the light and covering the tubes with black cloth, and the absorbance
was measured at 560 nm. This method is commonly used to measure SOD. activity with accuracy and reliability.

Statistical Analysis

The Statistical Analysis System software (SAS Institute, Cary, NC, USA, Version 9.2) was used to conduct three-
way ANOVA analysis of the studied traits statistically after checking their normality distribution assumption
using the Kolmogorov-Smirnov and Shapiro-Wilk test. For.significant characteristics identified in the analysis
of variance, the least significant difference test (LSD) at a 5% significance level was employed. Additionally,
correlation analysis between the traits was conducted using SAS software. Furthermore, the stepwise regression
was performed using Minitab statistical software version 18. In this analysis, GP was considered the dependent
variable, while physiological and biochemical characteristics were considered independent variables. Principal
component analysis (PCA) was conducted using the mean of all data for genotype, drought stress, and priming
treatments, utilizing Minitab software.version 19.

RESULTS

Seed Germination Characteristics

The significant impact of genotype, water stress, seed priming, and their interaction on germination and growth
indices was revealed based on the results obtained from data analysis. The affected indices include the GP, GR,
MGT, SL, SVI, CVT, CUG, PV, and GV. The English lavender genotype exhibited a significant advantage over
the French genotype regarding germination and growth characteristics (excluding MGT and CUG). Most of the
germination and growth indices were affected in opposite ways by water stress and seed priming, causing a
decrease and an increase, respectively (Table 1).

In the well-watered conditions, the English genotype seeds exhibited the highest GP through various priming
treatments, including HP, Bi as well as the integrated application of AzPs, AMF, and Bi, achieving GP of 92.7%,
91.3%, 7 and 86%, respectively. Furthermore, utilizing AzPs under -0.25 MPa water stress conditions resulted in
the highest GP in the English genotype (90.7%). Under water stress conditions (-0.5 and -1 Mpa) in both
genotypes, seed priming decreased the mean GP. The French genotype exhibited the lowest GP when subjected



to combined priming treatments of AMF + Bi and AzPs + AMF + Bi under -1 MPa conditions, registering an
average of 14.67% (Table 2).

Under well-watered conditions, the English genotype showed the highest GR in both the HP and Bi treatments,
with mean values of 13.14 and 12.97 seeds per day, respectively, according to the results of the mean effect
comparison. In addition, priming seeds, compared to unprimed seeds, increased the GR at all water stress levels
and in both genotypes. The lowest mean value of this trait belonged to non-primed seeds of the French genotype
at the highest water stress level (-1 MPa), with an average of 1.18 seeds per day (Table 2).

Overall, water stress induced by PEG-6000 resulted in a significant increase in the MGT in both genotypes. The
highest MGT was observed at the highest water stress level (-1 MPa) and in the unprimed and priming with Bi-
treated French genotype, with 6.6 and 6.6 days, respectively. At this water stress level, HP, AzPs, the combination
of AzPs + AMF, and AzPs + Bi treatments in the French genotype had the highest mean value for this trait. The
lowest mean value for this trait was observed in the well-watered treatment and priming with a combination of
AzPs + AMF in the English genotype, with a mean of 3.58 days (Table 2).

The mean SL ranged from 3 to 15 cm. The tallest seedlings were observed in treating the English genotype seeds
with AMF under well-watered conditions. Additionally, HP and AzPs treatments in the same genotype and under
the same water stress level had the highest means. The unprimed seeds of the French genotype under water stress
at -1 MPa showed the shortest SL (Table 2).

The results showed that HP and AMF treatments of lavender had the highest mean SV, at\water stress levels 0
and -0.25 MPa, respectively (1232 and 1219.3, respectively). The findings indicated that the French genotype
had a weaker SV1 than the English genotype. The French unprimed seeds under severe water stress conditions (-
1 MPa) had the lowest mean for this attribute, averaging 58 (Table 2).

The results showed that HP, AzPs, AMFs, Bi treatments, as well as the combination of AzPs + AMF, had the
highest CVT under well-watered conditions in the English genotype. On'the other hand, the lowest CVT belonged
to the non-priming and Bi treatments under water stress conditions in.the.French genotype, with means of 15.16
and 15.16, respectively (Table 2).

When using Bi treatment, the French genotype had the highest:mean for CUG under well-watered conditions,
averaging 0.0516. The lowest CUG was attained by priming seeds of the English genotype using HP, AzPs,
AMF, Bi, and the combined AzPs + AMFs treatment, all conducted under well-watered conditions (Table 2).
Peak value or emergence energy is the number of seeds that have started germinating by the point on the
germination curve where the GR begins to slow.down. This value is calculated by determining the highest
guotient obtained by dividing successive cumulative GV by the corresponding incubation time. According to the
findings, when treated with HP and Bi, the English genotype had the highest mean for PV (6.89 and 6.94 %.time
1 and GV (58.08 and 57.67) under well-watered conditions. In contrast, the French genotype had the lowest mean
PV (0.41 %.time™) and GV (0.56) When.subjected to severe water stress conditions and non-priming treatment
(Table 2).



Table 1 Effect of water stress (0, -0.25, -0.5, and -1 MPa inducted by PEG-6000) and seed priming with biofertilizers on seed germination and growth parameters of lavender genotypes
(English and French)

Treatments GP R MGT (day) SL Svi CvT CUG PV . GV

(%) (seed per day) (cm) (% time™)
Genotypes
English 63.4+16.5a  7.88+2.8a 473+0.6 b 8.84+3.4a 578.8+312.7a  215#3.1a 0.026+0.004b  3.49t16a 22.14+152a
French 212450b  2.29+0.76 b 5.19+05a 6.33:1.69b  1357454.9b 19.5#2.1b 0.030+0.007a  0.73t0.24b  1.49+0.8b
LSD =0.05 1.41 0.19 0.07 0.48 313 0.29 0.0008 0.12 1.17
Water stress (MPa)
0 47.7+#314a 6.25+4.7a 468+1.0d 8.93+3.6a 506.4t4425a  22.3t45a 0.027+0.01 ¢ 3.08+2.7 a 20.8+12.2 a
-0.25 475+250a 6.01+3.4a 4.81+0.3 ¢ 7.4622.6 b 388.5+312.7b  20.9+1.4b 0.026+0.002d  2.18+1.4b 12.53+6.9 b
-0.5 40.1#19.4b  4.68+25b 5.04+0.4 b 7.28t2.0bc  305.3+188.6c  19.9t+15¢c 0.028+0.004b  1.81l.lc 8.58+5.8
-1 339+164c  3.38tl7c 5.310.3a 6.683.1¢c 228.7+1766d  18.9+1.1d 0.031+0.003a  1.35:0.8d 5.35+2.8 d
LSD =0.05 20 0.27 0.10 0.67 44.26 0.41 0.0011 0.17 1.65
Priming
Control 329+17.8c  3.67£25f 5.3+0.7a 6.662.6.C 242.142249d  19.2+2.8¢ 0.032+0.009a  151.0d 6.15%5.7
Hydropriming (HP) 454+283a  5.58+4.0ab 4.84£0.5 ¢ 7.51+3.7.abc, 392.6+315.6ab  20.9+2.8a 0.026+0.004 de  2.38+2.1a 14.99+9.7a
Azetobacter and Pseudomonas (AzPs) 45.7+265a 557+3.8ab 4.94+0.6 bc 819436 a 4553+343.7a  20.5+2.9ab 2'02&0005 b 231:19a 13713654
Arbuscular mycorrhizal fungi (AMF) 43.4£229a  5.25+3.2hc 4.88+0,5C 7.66+3.5abc  378.6+350.8bc  20.8+2.8a 0.026+0.004 de  2.15+1.8ab  11.77+4.0bc
Biochar (Bi) 46.3t269a 5.71%3.8a 4.94+0.8 be 6.76x2.3bc  320.0+246.2c  20.7+3.4a 0.028+0.009b  225+2.0ab  13.97+8.4ab
AzPs + AMF 38.6+19.8b  4.76+£3.0de 4.87+0.6¢ 8.34+22a 339.8+2458bc  20.9+3.2a 2'02710'006 b 51xr19bc 10.45+4.1 cd
AzPs + Bi 30.74222b  4.62+3.0¢e 4.97+0.6 be 7.6£22abc  323.0£227.5c  20.4+2.8ab gg;zsxo.oos 1.86£1.3 ¢ 9.2627.8d
AMF + Bi 44.4+27.1a  5.1+3.6cd 5.03+0.5 b 7.82+2.9a 37754£294.4bc  20.0+2.8b 0.028+0.004 bc ~ 2.12+17abc  12.57+4.8 abc
AzPs + AMF + Bi 44.4263a  5.47+3.7abe 4.83+0.4c¢ 7.75:32ab  386.1#312.0bc  20.9+2.4a 0.026+0.003e  229+1.9ab  13.46%5.7 ab
LSD =0.05 3.0 041 0.15 1.01 66.4 0.62 0.0016 0.26 248

Means = SD followed by the same letter in each column are not significantly different according to LSD test at 5% level. GP: Germination percentage; GR: Germination rate; MGT:
Mean germination time; SL: Seedling length; SVI: Seedling vigorindex; CVT: Coefficient of variation of the germination time; CUG: Coefficient of uniformity of germination; PV: Peak
value; GV: Germination value.



Table 2 Lavender seed germination indices (English and French genotypes) under different water stress levels (0, -0.25, -0.5, and -1 MPa inducted by PEG-6000) and priming treatments

Water
Genotype (s':/lr:s) Priming ((;)P) (see dcg;)eRr day) MGT (day) (SnI;) SVI CVvT CUG (% ;\r;e'l) GV
Unprimed seed 54.7+6.4ij 7.1+0.7Imn 4.02£0.07f-1  11.7+4b-e 652.7+301.4f-k  24.9£0.43bc  0.021+0.0004x-A  3.11+0.19f-j 15.5+2.83j-n
HP 92.7+3.1a 13.1+0.5a 3.63+0.02klI  13.3#4.2abc  1232+372.1a 27.6x0.14a 0.018+0.0001A 6.89+0.51a 58.08+5.42a
AzPs 76.7+4.6¢d 10.9+0.4bcd  3.66+0.09jkl  13.3+2.3abc  1029.3+244.8bc  27.4+0.64a 0.019+0.0004A 6+0.33bc 41.74+1.2bc
AMF 76+5.3cd 10.7+0.6b-f 3.68+0.13jkl  15+2.6a 1135.3+167.4ab  27.2+0.94a 0.019+0.0006A 6.22+0.38abc  42.95+3.18bc
0 Bi 91.3+2.3a 13+0.3a 3.62+0.02klI  8.3+£3.5f- 756.7+306.6d-h  27.6+0.17a 0.018+0.0001A 6.94+0.42a 57.67+3.89a
AzPs + AMF 74.7+4.6cde  10.8+0.5b-e 3.58+0.14l 11.7+2.1b-e  866.7+122.5cde  28+1.12a 0.018+0.0007A 6.56+0.69ab  44.44+4.58b
AzPs + Bi 70+6d-g 9.2+0.6hij 3.97+0.11h-1  10.3#2.1d-h  715.3+93e-i 25.2+0.7bc 0.02+0.0006yzA  4.25+0.43de  27.18+5efg
AMF + Bi 77.3+11.7cd  10.1+1.7d-h 4+0.12¢-1 10.7+4c-g 794+180.4def 25+0.78bc 0.02+0.0007x-A  4.67+0.8d 33.38+10.19de
AzPs+AMF+Bi 86+5.3ab 11.8+0.6b 3.79£0.05i-1  11+1b-f 943.3+56.7cd 26.4+0.32ab  0.019+0.0002zA  5.78+0.51c 45.17+4.71b
Unprimed seed 62+5.3ghi 8.2+0.6jkl 4.74+0.12c-1  8+2.6g-I 486.7£128.6k-n  21.1+0.52e-j  0.026+0.0009r-w  3.17+0.29f-i 17.94+3.21j-m
HP T4+14c-f 9.8+2.3d-h 4.84+0.19b-k  10.3+2.1d-h  780+285.3d-g 20.7+0.84f-n  0.026+0.0016m-v  3.83+1.44ef 27+15.6e-h
AzPs 90.7+11.4a 11.5+2.1bc 5.02+0.37b-i  13.3+1.5abc , 1219.3+282a 20+1.54h-q 0.028+0.0034g-u  4.33+1.44de  36.42+15.9cd
AMF 67.3t4.2e-h  8.4+0.3ijk 5.06£0.15b-h  7.3£2.5i-n 491.3+155:4k-n  19.8+0.56i-r  0.028+0.0014f-u ~ 2.83+0.29g-  17.36+2.32j-m
-0.25 Bi 74.7+£3.1cde  9.7+0.1e-h 4.8+0.13b-I 5.7+2.11-r 426.7£17391-p  20.8+0.56e-  0.026+0.00110-w  3.17+0.29f-i 21.45+1.37¢-j
AzPs + AMF 51.3+4.2jk 6.5+0.8no 5.04+0.45b-i  10.3+2.5d-h 524+90.4j-n 19.9+1.83h-q  0.028+0.0042f-t 2.39+0.67j-n  11.21+3.44m-q
AzPs + Bi 72.7+2.3c-f  9.4+0.5ghi 4.82+0.27b-1 .« 8+1g-I 580457h-I 20.8+1.15e-I  0.026+0.0024n-v  3.33+£0.29fgh  22+1.7g-j
AMF + Bi 78.7£13.3bc  10.4+2.2c-g 4.82+0.24b-1  7%2.6i-0 573.3+319h-I 20.8+1e- 0.026+0.0021n-v  4.33+1.44de  32.15+16.56def
AzPs+ AMF +Bi  63.3t4.6gh 8.4+0.6ijk 4.87+0.14b-k  8.3+0.6f-I 526+3.5j-m 20.5£0.59f-n  0.027+0.0013k-v  3.5+0.87fg 20.27+5.93g-k
Unprimed seed 39.3+3.1mn  3.8+0.2s-w 5.33+0.14b-e  5.6+0.7I-r 221.3+30.60-u 18.8+0.510-t  0.031+0.0015d-k  1.93+0.31m-q 6.88+0.990-t
HP 44.7£9.5klm  5.9+1.40pq 4.85£0.29b-k  7.8+1.3g-m  354.84£120.5m-q 20.7+1.25f-m 0.027+0.0025l-v  2.33+0.76k-0  9.85+4.56n-r
AzPs 62+5.3ghi 8+0.9kIm 4.89£0.16b-j 10.3+1.8d-h  634.7459.1f-k 20.5+0.65f-0  0.027+0.0014k-v  3+0.5g-k 17.06+4.27j-m
AMF 66+5.3fgh 8.2+0.6i- 5.1#0.03b-h  9.5+1.5d-i 623+68.5f-k 19.6£0.11j-s  0.029+0.0003f-t 3.3320.29fgh  20.09+3.24h-k
-0.5 Bi 54+2ij 6.940.5mno 4.89+0.29b-j  9.5+0.5d-i 513.7+46j-n 20.5+1.26f-0  0.027+0.0025j-v  2.5+0i-n 12.27+0.45m-p
AzPs + AMF 54+6ij 6.8+0.7no 5.140.37b-h  6.8+1.5i-0 364.2467.7m-q  19.7+1.41j-r  0.029+0.0036f-s 2.83+£0.299-1  13.91+2.16k-0
AzPs + Bi 52+7.2jk 5.2+0.8pgr 5.13+0.06b-h  6.6+1.5j-0 337+44.1n-r 19.5+0.22j-s  0.029+0.0006f-s 2.67+0.7h-m  12.8+4.42l-p
AMF + Bi 69.3+12.9d-h | 7+£1.5mno 5.13+0.13b-h  8+0.3¢g-I 555.1+107i- 19.5+0.47j-s  0.029+0.0013f-s 3.2+0.53f-i 20.58+7.39g-k
AzPs+ AMF +Bi  72+9.2c-f 9.6+1.5fgh 4.77+0.14b-1  6.5%0.5j-0 471+94.4k-0 21+0.62e-k 0.026+0.0012g-w  3.83+1.15¢f 25.7+10.13f-i
Unprimed seed 38+3.5mn 3.740.5t-x 5.36+0.2a-e  4.3+0.70-r 162.9+36.9r-u 18.7£0.69p-t  0.032+0.0023d-i 1.48+0.28p-s  5.18+1.35¢-t
é -1 HP 67:3+9.9e-h  6.9+1mno 5.02+0.15b-i  3.3#0.9pgqr  225.6+86.79-u 19.9+0.6h-q  0.028+0.0014h-u  3.13+0.42f-i 19.37+4.99i-1
L%) AzPs 41.3+4.2Im 4+0.4r-v 5.29+0.05b-e  4.3t1l0-r 176.7+28g-u 18.9+0.19n-t  0.031+0.0006d-0  1.8+0.2n-q 6.75+0.87p-t



French

AMF 48731kl 4.6+0.3rst 5.45:0.12a-d 4.8+0.4n-r  231.248.3¢-u  18.3#0.39g-u  0.033:0.0014d-h  1.620.170-r  7.11#1.220-t
Bi 61.3+42hi  6.3x05n0p  5.0420.1b-i  4.3%0.4o-r  265.7+29.7p-t  10.9+0.38h-q 0.02820.0009g-u  2.48+0.28i-n  13.91#2.51k-0
AzPs + AMF 39.3+8.1mn  4.1#lr-v 5.01#027b-i  6.5:0.5j-0  254+41.3p-t 20+1.06h-q  0.028+0.0026h-u  2.05:0.68m-p  7.664.020-S
AzPs + Bi 39.3+23mn  3.820.3tw  5.4420.1a-d  10.9+2.2b-f 425.8+64.7I-p  18.4+0.34g-u  0.032+0.0012d-h  1.42+0.18p-t  5.09+0.92q-t
AMF + Bi 5043.5)k 5.1+0.2qr 5.14+0.25b-h  12+3bcd 600£149.9g-1  19.5:0.93j-s  0.029+0.0025f-s  2.13#0.34l-p  9.63+0.96n-r
AzPs+ AMF +Bi  50.75jk 4.9205qrs  5.2620.06b-f 13.7+#21ab  690+102.2e-j  19+0.2m-s  0.03:0.0006d-q  2.47+0.5i-n  11.28+1.91m-q
Unprimed seed  14.7+23v  1.2+0.2E 6.620.09a 6.120.8l-p  89+15.3tu 15.2+0.2v 0.0520.002a 0.41%0.08v  0.5620.18t
HP 18.7+1.2r-v  18#0.1B-E  5.45:04la-d 5.9+llq 111.6425.7stu  18.4+143g-u  0.033:0.0047c-f  0.53+0.06uv  0.9+0.08st
AzPs 18+2s-v 1.8#0.3B-E  5.46:027a-d 5.7+0.4l-r  101.4+4.7stu 18.4+0.89g-u  0.033+0.0032d-g  0.57+0.06uv  0.93+0.19st
AMF 21.3+12q-v  2.4203z-D  5.042044b-i 6.1:0.8l-p  129.9+15stu 19.9+183h-q 0.028+0.004ft  0.74#0.07tuv  1.430.09st
0 Bi 147423v  1.240.2E 6.6+0.09a 6.3+0.6k-0  91.9+16.7tu 15.2+0.2v 0.052:0.002a 0.41#0.08v  0.56+0.18t
AzPs + AMF 18.7+1.2r-v  18#0.1B-E  5.45:0.4la-d 6.9+1.7i-0  128.6+265stu  18.4+1.43g-u  0.033+0.0047c-f  0.53+0.06uv  0.9:0.08st
AzPs + Bi 18+2s-v 1.840.3B-E  5.46:027a-d 6.3+0.6k-0  113.4+19.8stu  18.4+0.89g-u  0.033%0.0032d-g  0.57+0.06uv  0.93+0.19st
AMF + Bi 21.3+12¢-v  2.4203z-D  5.040.44b-i 6.3+0.9k-0  134.1%235stu  19.9+1.83h-q 0.02820.004f-t  0.74+0.07tuv  1.43+0.09st
AzPs+ AMF +Bi  153#23uv  16#0.3CDE  5.18+0.22b-h 58+0.8l-r  90.3:24.1tu 19.3:0.82k-s  0.03+0.0023e-r  0.5:0uv 0.740.1st
Unprimed seed  20#2r-v 2.120.1z-E  5.08+0.27b-h 5.6+0.4l-r 1115+185stu  19.7+1.07jr  0.029+0.0025f-t  0.67+0.08uv  1.23+0.24st
HP 224350q-v  2.4203y-D  4.820.26b-]  7#0.3i-0 153.3+17.6r-u  20.9+1.18e-l  0.026+0.00220-w  0.81x0.17s-v  1.65+0.63st
AzPs 29.3+4.60pq  3.620.4t-y 45820.14c-l  6.6£0.8j-0 . 195+46.1g-u 21.9+0.69efg  0.024%0.0011t-y  1.22+0.38g-u  3.31+1.38rst
AMF 233+31p-u  2.820.3w-B  4.65:0.23c-]  64+1dk-0% 150.5#43.2r-u  215:1.04e-h 0.025:0.0019s-x  0.93+0.35r-v  2.04xlst
-0.25 Bi 26+3.50-s  3.2405u-z  4.52+0.13d-l * 7.848.7h-m’ 210.62129.4q-u  22.2+0.6def  0.024#0.001u-z  1.03+0.29r-v  2.48+1.03st
AzPs + AMF 23.36.1p-u  2.91v-B 4.45+0.18d-1  6.5%1.4j-0  152.2+49r-u 225+093de  0.023%0.0013v-z  0.92+0.14r-v  1.98+0.75st
AzPs + Bi 31.3+2.3n0p  4.2%0r-u 4.17+0.37e<l.  6.1%0.4lp  191.4+20.1q-u  24.1+2.08cd  0.022+0.0024w-A 1.42+0.22p-t  4.02+0.47rst
AMF + Bi 20.7423r-v  2.1#02z-E  5.3+042b%e 16.840.8i-0  142.3+302stu  19+15m-s  0.031+0.0046d-  0.64+0.0duv  1.210.12st
AzPs+ AMF +Bi  253#230-s  2.8+0.1w-B /. 4.94+0.12b-i 3.2:+0.1gr  80+9.3tu 20.240.49g-p  0.027#0.001%i-v  0.75+0.08s-v  1.74+0.34st
Unprimed seed ~ 16+35tuv  1.4#04DE  60.26ab 6221-q 10053.8stu 16.7+0.73uv  0.04+0.0039b 0.53+0.06uv  0.79+0.26st
HP 24+20-t 2.7+0.3w-Ch  4.8620.34b-k 9.3+2.1d-j  226+62.4q-u 20.6+1.39f-n  0.02740.0031k-v  0.89+0.19r-v  1.94+0.46st
AzPs 26742301 2.940.2v-B. 5.12+0.19b-h  6xll-q 160+31.2r-u 19.6£0.72j-s  0.029+0.0018f-s  0.870.12r-v  2.11%0.4st
AMF 24.7¢310-s  2.9+05v-B | 4.67+037cl 57431t  134458.3stu 215+166e-i  0.025:0.003r-w  0.92+0.14r-v  2.0620.46st
05  Bi 26.7¢120-r 32+0.1u-A  474£027b-1 57421l  15051r-u 21.1#121e-j  0.026£0.0022r-w  0.87+0.12r-v  2.10.24st
AzPs + AMF 32+2n0 3.7+0.3tw  4.8120.33b-]  9tle-k 286.7+140-5 20.9+1.47e-l  0.026£0.0027n-v  0.87+0.12r-v  2.52+0.37st
AzPs + Bi 19.3+3drv  '211#0.2z-E  4.9620.4b-i  7+li-0 134+17.8stu 20.3+1.71g-p 0.028+0.0034i-v  0.72+0.1tuv  1.26+0.29st
AMF + Bi 20%2r-v 1.9+02B-E  5620.26a-d  5xlm-r 100.7425.3stu  17.9+0.86stu  0.034+0.0032cd  0.61x0.luv  1.12+0.27st
AzPs+ AMF +Bi . 103%23rv  22402z-E 47605301 6.7#2.3i-0  130.7#533stu  21.242.37e-j  0.02620.0044p-w  0.77+0.03s-v  1.350.14st



Unprimed seed 18.7+1.2r-v 1.9+0.2B-E 5.25+0.5b-f 6.1+0.51-p 113.2+13.8stu 19.2+1.81l-s  0.031+0.0055d-n  0.67+0.12uv 1.13+0.17st

HP 20+3.5r-v 2+0.2A-E 5.29+0.39b-e  3x1r 58+12.2u 19+1.41m-s 0.031+0.0041d-m  0.62+0.13uv 1.14+0.39st
AzPs 21.3+319-v  2+0.3A-E 5.55+0.31a-d  5.9+0.8l-q 126.6+25.5stu 18+0.98r-u 0.034+0.0041cde  0.69+0.1tuv 1.35+0.38st
AMF 20£2r-v 2+0.1A-E 5.35£0.33a-e  6.6%1.9j-0 133.6+51.7stu 18.8+1.130-t  0.032+0.0039d-j 0.59+0.08uv 1.08+0.26st
-1 Bi 22+409-v 2.3+0.7z-E 5.29+0.44b-e  6.6+0.5j-0 145.4+38stu 19+1.53m-s 0.031+0.005d-I 0.64+0.13uv 1.3+£0.42st
AzPs + AMF 16+4tuv 1.6+0.6CDE  5.52+0.7a-d 9xle-k 142.7+30stu 18.3+2.18g-u  0.035+0.0099cd 0.63+0.2uv 0.96+0.48st
AzPs + Bi 15.3+4.6uv 1.4+0.5DE 5.82+0.17abc  5.6+0.8l-r 87.5£35.9tu 17.2+0.4%u 0.037+0.0024bc 0.53+0.12uv  0.78+0.36st
AMF + Bi 18+2s-v 1.8+0.2B-E 5.25+0.36b-g  6.8+2.6i-0 121+45.8stu 19.1+1.3I-s 0.03+0.0038d-p 0.67+0.12uv 1.09+0.22st
AzPs+ AMF +Bi  23.35p-u 2.620.6x-D 5.09£0.32b-h  6.8+1i-0 158.1+36.7r-u 19.7£1.23j-r  0.029+0.0031f-t 0.71+0.08tuv ~ 1.49+0.2st

Means + SD followed by the same letter in each column are not significantly different according to LSD test at 5% level. Capital letters were used in sequence following the completion
of mean grouping with small letters. GP: Germination percentage; GR: Germination rate; MGT: Mean germination time; SL: Seedling length; SVI: Seedling vigor index; CVT:
Coefficient of variation of the germination time; CUG: Coefficient of uniformity of germination; PV: Peak value; GV: Germination value.



Table 3 Effect of water stress (0, -0.25, -0.5, and -1 MPa inducted by PEG-6000) and seed priming with biofertilizers on physiological and biochemical attributes of lavender seedling
(English and French genotypes)

Treatments Chl-a Chl-b Total-Chl Car Proline (Clﬁ;g ?S/qu (83519
(Mg/g FW) (Mg/g FW) (Mg/g FW) (Mg/g FW) (Hmol/g FW) protein.min) protein.min) orotein)
Genotype
English 8.78+3.3 a 4.4+18a 13.18+4.5a 1.49+0.8 a 245.4+163.9a 1.85+1.4 b 45423 Db 3.03+1.6 Db
French 8.07x6.0 b 3.39+3.2b 11.45+9.0 b 1.47+09a 103.7451.8 b 3.01+24 a 6.22+3.7 a 5.26+3.7 a
LSD =0.05 0.37 0.23 0.43 0.12 (NS) 7.66 0.35 0.55 0.43
Water stress (MPa)
0 13.32+5.3 a 5.76+3.4 a 19.08+8.3 a 2.1+1.0a 78.5+41.9 ¢ 1.3440.7 d 3.68+2.3 ¢ 2.97+19¢
-0.25 7.89+4.0 b 3.38x2.1b 11.26155b 1.45+1.0b 149.8+88.6 b 19+10c 5.26+x3.2b 3.23£2.8¢c
-0.5 6.95+3.2 ¢ 3.18+2.1b 10.13#5.1¢ 1.42+0.5b 157.7465.5 b 2.41+12b 5.39+2.3 b 4.1+3.3Db
-1 5.54+2.2 d 3.26x1.9b 8.79+4.0d 0.97+0.4 ¢ 312.3£191.3 a 4.08t2.3 a 7.193.6a 6.28£2.8 a
LSD =0.05 0.53 0.33 0.60 0.18 10.83 0.50 0.78 0.61
Priming
Unprimed seed 7.36+3.8d 3.05+1.8¢ 10.414#55¢€ 1.49+0.7 be 135.1+101.6 d 2.87+14a 6.47+2.6 a 4.61+2.8 ab
Hydropriming (HP) 9.01+7.3 ab 452+38b 13.53+10.7ab  1.04+0.4 e 161.1+142.4¢c  2.7+2.4a 5.77+3.5ab 3.92+2.7 abc
Azetobacter and Pseudomonas (AzPs) 9.39+7.1a 5.04t4.1a 14.42+11.1a 1.21#0.7 de 167.1+126.3bc  2.41+2.2a 5.29+3.7 bc 3.9+2.9 abc
Arbuscular mycorrhizal fungi (AMF) 7.75%3.6 cd 3.4+2.0¢ 11.14#55de  15+0.6 bc 188.7¢158.0a  2.77+2.3a 5.8+4.0 ab 47340 a
Biochar (Bi) 9.0445.2 ab 5.15+3.4 a 14.18+8.3a 1.35+0.8 cd 178.2+131.4ab 2.78+2.2a 5.7+3.2 ab 4.45+3.4 abc
AzPs + AMF 7.68+3.3d 3.51+1.4¢ 11.19+4.2 de 1.52+0.9 bc 189.7+165.1a  2.39+15a 5.77+3.1ab 3.76+1.8 be
AzPs + Bi 7.56x£3.0 d 3.45+16¢ 11.01t4.2 ¢ 1.45+0.6 bed 180.4+150.8ab 2.26+2.2a 5.45+3.7 abc 3.98+3.1 abc
AMF + Bi 8.53+4.3 bc 3.52+2.0c¢c 12.05+5.7 cd 1.66+1.1b 188.7£155.3 a 2.39+2.1a 4.46+1.6 cd 4.3+3.0 abc
AzPs + AMF + Bi 9.5+3.8a 3.42+15¢ 12.92+4.6 bc 2.12+1.1a 182.3+138.2ab  1.32+1.0b 3.7+1.7d 3.65+35¢
LSD =0.05 0.79 0.50 0.91 0.27 16.25 0.75 1.17 0.92

Means * SD followed by the same letter in each column are not significantly different according to LSD test at 5% level. Chl: chlorophyll; Car: carotenoid; CAT: catalase activity; POD:
peroxidase activity; SOD: superoxide dismutase.



Table 4 Lavender seedling physiological and biochemical characteristics (English and French genotypes) under different water stress levels (0, -0.25, -0.5, and -1 MPa inducted
by PEG-6000) and priming treatments

Genot Water Primin . POD
. P o g Chl-a (ugfg FW) Chi-b Total chl Car Proline CAT (Ulmg protein. SOD
(MPa) (ug/g FW) (ug/g FW) (ug/g FW)  (umol/g FW) (U/mg protein.min) min) (U/mg protein)
Unprimed
seed 13.3+0.77d-g 4.6+0.56¢-1 17.9+1.32c-f  2.63+0.28bcd 89.4+7.7u-C 1.79+0.26i-t 5.18+0.5i-u 2.07+0.3r-C
HP 11+0.04h-k 487+0.54f-1  15.87+05le-h  1.81+0.22f-i 58.7+23.5A-F 0.8+0.01p-t 2.18+0.97s-z 1.04+0.12ABC
AzPs 17.65+0.59¢ 8.93+0.79¢ 26.57+1.22b 2.58+0.38b-e 81.7+11.1v-D 1.03+0.160-t 1.87+1.24u-z 1.05+0.35ABC
AMF 13.99+1de 6.14+1.37def  20.12+1.59c 2.43+0.99b-f 80.7+30.7v-D 0.82:0.33p-t 2.08+0.53t-z 0.65+0.06C
0 Bi 6.51+0.38-2 2.49+1.040-v 9+0.660pq 0.53+0.01tuv 83.8+24.5v-D 0.93+0.130-t 0.7520.11z 1.14+0.122-C
AzPs +
AMF 5.39+1.22v-E 4.11+2.08i-n 95+3.21m-q  0.54+0.38tuv 145.9+20.6n-t 1.69+0.15k-t 3.09+0.850-7 1.8+0.67t-C
AzPs + Bi 7.02+0.89p-y 2.1620.28q-w 9.18+1opq 1.73+0.22f-j 100.7+13t-A 1.92:0.37i-t 1.28+0.63yz 2.07+1.05r-C
AMF + Bi 13.3621def 2.12+054q-w  15.47+1.03fi 4+0.37a 147+14:7n-s 2.69+0.95g-q 3.61+1.1m-z 2.85+0.64n-C
AzPs+ AMF
+Bi 11.58+2.92f-] 2.85+0.44n-t  14.43+2.89g-k  3.08+1.06b 150.2+12n-s 1.44+0.061-t 2.66+0.47r-2 1.24+0.12y-C
Unprimed
seed 3.01+1.33FGH 1.14+0.31lvw  4.15+1.63yzA  0.76+0.350-v 111.3+17.6r-x 1.01+0.020-t 2.43+0.24s-7 2.95+0.3m-C
HP 3.76+0.92C-H 1.16£0.02vw  4.92+0.93w-A  0.8+014m-v 220.2+14.8hk 1.1+0.13n-t 1.81+0.28v-z 2.54+0.210-C
AzPs 4.14+0.46A-H 1.83+0.31s-w  5.97+0.31t-z.<  0.83+0/15m-V 173.7+12.61-p 1.19+0.13m-t 2.62+0.93r-z 3.62+0.471-A
AMF 6.45+0.34q-z 2.6+1.250-u 9.04+1.590pq 1.32+0.4g-s 214.2+18 6i-I 1.01+0.140-t 3.25+1.23n-z 2.7620.39n-C
0.25 Bi 5.87+0.935-C 6.32+2.23de  12.19+2.56jkI 0.37+0.25v 213.1+7.2i-I 1.49+0.031-t 5.16+1.24i-u 4.48+0.97i-s
AzPs +
AMF 5.38+1.4v-E 2.6+0.530-U 7.98+1.50-U 0.96:£0.45k-v 201.2+4.6i-m 0.89:0.640-t 5.23+1.26i-t 3.51+0.15-A
AzPs + Bi 10.08+0.76i-n 431+0.17h-m. 14.39+¢0.93g-k  1.62+0.18g-I 269.4+26.9¢ 0.32+0.1rst 4.33+1.31j-y 1.17+0.28z-C
AMF + Bi 11.51+2.36f-] 542+1.36d-i  16.92+2.16d-g  1.18+0.88i-u 228.2+250-] 0.21:+0.02st 3.1240.110-z 1.24+0.47y-C
AzPs+ AMF
+Bi 12.2140.65¢-i 4.76+0.95f-1 . 16.97+0.98d-g  2.03+0.68c-g 357.2+67.2f 0.23+0.03st 3.23+0.17n-z 0.81:+0.09BC
Unprimed
seed 10.29+2.3i-m 4.32+0,57g‘m  14.61+2.05g-)  1.79+0.95f-i 225+62.80-j 2.38+0.32i-r 6.67+1.87e-m 1.96+0.49r-C
HP 9.47+1j-0 6.53+1.66d 16+0.79e-h 1.12+0.71i-v 176.4+26.4k-p 2.27+0.23i-s 5.43+1.06h-s 2.52:+0.140-C
05 AzPs 10.6+0.83h-1 615+2.06def  16.74+1.82d-g  1.42+0.81g-q 229+38.8g-j 1.23+0.26m-t 3.92+0.37k-z 1.78+0.08u-C
é AMF 11.69+0:79f-j 573+0.49d-g  17.42+1.24def  1.54+0.4g-m 264.4+24.7gh 2.4+0.17i-r 4.83+0.81j-w 2.21+0.08q-C
,_%” Bi 12.65+0.66e-h 569+1.74d-h  18.33+1.09cde  1.7+0.72f-k 239+8ghi 1.86:+0.16i-t 4.88+0.3i-v 2.07+0.23r-C



French

-0.25

AzPs +

AMF 8.02:£0.68n-5 3.89+0.89j-0  11.91+058kIm  1.56+0.52g-m  155.7+86.1m-r 2.37+0.94i-r 6.01+0.86g-q 4.05+0.39i-w
AzPs + Bi 8.52:+1.04l-q 345+0.48l-r  11.97+0.87klm  1.96+0.33d-h 69.3+6.8W-F 1.1+0.13n-t 6.95:+1.91d-I 4.13+1.28i-v
AMF + Bi 8.360.871-q 557+0.67d-h  13.93+1.27h-k  0.94+0.32k-v 64.5+13.7y-F 0.62+0.08q-t 5.4+1.11h-t 3.14+0.32m-C
AzPs+ AMF

+Bi 8.34+1.76l-q 352+40.6l-  11.86+1.31k-n 1.8+0.93f-i 68+12.3x-F 0.96+0.170-t 6.11+0.17g-q 3.8+0.22j-y

Unprimed

seed 7.48+0.420-v 5.44+0.49d-i  12.91#0.23i-]  1.09+0.31i-v 351.9+48.5f 3.38+0.47¢-| 6.25+1.72f-p 6.34+1.01e-j

HP 7.78+0.410-U 531+0.27d-j  13.09+0.23i-I 1.09+0.1i-v 493.8+33.1cd 6.77+2.16abc 9.49+1.77a-f 5.94+1.07f-1

AzPs 7.96+0.75n-t 502+1.27e-k  12.97+15i-I 1.45+0.57g-p 450.5+73de 3.91+1.74e-i 9.99+2.14a-e 5.05:+0.62h-0
AMF 8.18+0.52m-r 555+0.68d-h  13.73+0.16h-k  1.41+0.4g-q 547.2+26.9ab 3.22+0.25e-n 6.1+1.28g-q 5.0620.47h-0
Bi 6.37+0.33g-A 4.75+0.24f-1  11.12+0.48l-0  1.16+0.02i-u 459.7+109.2de 4.59+0.91d-h 7.02+2.57d-I 5.49+0.69f-m
AzPs +

AMF 8.02:+0.61n-5 4.98+0.56e-k  12.99+0.78i-|  1.24+0.29h-t 588.7+27.2a 3.72+0.45e-k 6.24+1.29f-p 4.38+1.29i-u
AzPs + Bi 7.3520.630-w 5.24+0.45d-k  12.59+0.89jkl  0.95+0.18k-v 524+19.9hc 2.28+1.19i-s 6.5+1.11f-n 5.49+0.63f-m
AMF + Bi 7.51+0.240-v 4.96+0.28e-k  12.47+0.42)kI  1.21+0.22h-u 558.9+54.3ab 1.36+0.28I-t 3.22+0.21n-z 4.84%0.69h-p
AzPs+ AMF

+Bi 5.43+0.39v-E 3.89+0.94k-p  9.31#1.17n-q  1.15+0.45i-u 444.4+31 8¢ 1.76+0.44j-t 4.37+1.19j-y 3.89+0.24j-x
Unprimed

seed 11.02+0.04g-k 4.84+0.54f1  15.86+0.51e-h  1.82+0.22e:i 85.7+10.3u-D 2.06+0.57i-t 9.09+1.26b-g 4.14+0.52i-v
HP 25.83+6.94a 12.75+1.74a 38.5745.43a _~10,93+0.56K-V 100.7+6.5t-A 0.87+0.370-t 7.04+2.08d-I 6.04+2.28f-

AzPs 22.99:+0.490 13.19+0.7a 36.17+0.21a . 0.71+0.16p-v 73+19.1w-F 0.66:+0.33p-t 6.14+2.12g-q 3.73+1.66j-z

AMF 9.07+1.04k-p 2.82+0.62n-t  11.88+1.34k-n 1,8+0.21f-i 32+16.5EF 0.8+0.56p-t 2.66+2.38r-2 5.23+1.38g-n
Bi 15.46+1.06¢d 10.67+0.85h 26.12+1/66b 2.39+0.43b-f 30.7+12.7EF 0.64:+0.22¢-t 2.83+1.57q-2 2.32+1.02p-C
AzPs +

AMF 13.43+1def 520+1.43d-k  1871+173cd  2.73+0.29bc 31.5+6.4EF 1.67+1.08k-t 4.97+2.23i-v 4.71+2.18i-q

AzPs + Bi 13.3+0.77def 459+0.56g-1 .17.89+1:32c-f  2.64+0.28bcd 29.4+135F 1.09+0.44n-t 3.21+1.52n-z 3.63+1.051-A
AMF + Bi 14.95+1.8d 5.12+1.4d-k 20.06+3.06¢ 2.92+0.4b 48.1+24 5B-F 2.3+1.13i-s 4.06+1.14k-z 6.09:+1.99f-1

AzPs+ AMF

+Bi 14+1de 6.11+1.37def = 20.11+1.59c 2.44+0.99b-f 45+30.7C-F 0.96:0.390-t 3.55+1.24m-z 3.58+1.31-A

Unprimed

seed 7.04+0.89p-x 2.13+0.28¢-w 9.17+1opq 1.74+0.22f-j 46+11.1B-F 5.15+0.81a-e 10.02+0.94a-d 8.77+1.89de

HP 6.53+0.380-2 2.47+1.03p-v  8.99+0.650pq  0.53+0.02tuv 53.7+7.7B-F 4.61+3.64d-h 10.21+6.22a-d 7.4+4.68d-h

AzPs 6.01+1.72r-C 2.47+0.630-v  8.48+2.27p-t  1.35+0.23g-r 42.9+2.9DEF 5.24+3.17a-e 8.65:+3.84b-h 7.84+5.23d-g
AMF 5.59+1.26u-D 1.78+0.28s-w  7.37+1.38q-w  1.42+0.49g-q 65.1+13y-F 1.49+1.591-t 4.4622.83j-y 1.96+1.11r-C
Bi 17.6820,59¢ 8.9+0.78¢ 26.57+¢1.22b  2.59+0.37bcd 91.8+13.4u-B 2.97+2.16f-0 8.16+3.25b-i 3.67+0.44k-z
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6.05+0.87r-B
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4.39+0.86z-H
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4.43+1.58z-H

4.77+1.14y-G

2.42+1.06H
3.32+0.37E-H
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2.89+1.21GH
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1.34+0.66uvw
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1.01+0.25w

2.07+0.42r-w
2.05+1r-w
0.86+0.08w

2.6+0.540-u

14.42+2 89g-k
10.9+2.191-p
8.85+1.850-

15.46x1.02f-i

5.39+0.87v-A
6+1.00t-z
357+1.1zA
5.11+1.61v-A
6.26+1.47t-y

7.6%1.37g-v
3.91+0.94yzA
5.46+1.25u-A

6.28+1.37s-y

3.31+1.31A
4.76+0.26x-A
4.88£2.4W-A
4.49+1.62yzA
3.9+1.46yZA

6:38+1.21r-y
7.22+1.279-x
3.24+0.66A

8.93+2.560-r

3.09+1.06b
0.45:0.18uv
0.99+0.12j-v

4.01+0.37a

1.49+0.14g-0
1.34+0.25g-r
0.69+0.24p-v
1.4+0.31g-q
1.37+£0.91g-r

1.28+0.37g-t
1.1540.2i-u
1.48+0.49g-0

1.5340.29g-n

0.61+0.28r-v
0.68+0.12q-v
0.68+0.4p-v
0.69+0.3p-v
0.69+0.28p-v

0.77+0.36n-v
1.06£0.32i-v
0.56+0.17s-v

0.91+0.84l-v

75.6£17.6w-E
107.4+8.8s-z
114.5+12r-w

111.3+14.7r-x

61.6+15.1z-F
138+12.60-t
155.5£9.1m-r
166+10.5m-q
165.5+4.6m-q

177.4+7.2k-0
178.5£18.6k-0
184.5+14.8j-n

121:616.3¢-v

110.3+20.6r-y
47.6+19.2B-F
130.9+17.5p-u
140.445.7n-t
1429 4n-t

141.5+6.5n-t
165.245.8m-q
163.946.7m-q

161+16.3m-q

1.64+1.09k-t
2.28+1.46i-s
3.29£1.47e-m

0.03+0.01t

2.52+0.53h-q
1.33+0.341-t
1.42+0.241-t
7.15+0.49
7+1.78ab

2.13+0.51i-t
2.24+0.11i-s
2.53+0.52h-q

1.84+0.3i-t

4.67+0.57c-g
3.86+0.57€-j
4.65+3.17c-h
5.23+1.99a-e
2.79+0.55g-p

5+2.44b-f
6.86+3.78ab
6.1+5.56a-d

3.3+1.15e-m

5.22+3.5i-t
6.32+3.33f-0
5.77+1.4g-r

4.72+3.46)-x

4.6+1.28j-y

5.24+0.6i-t
1.53+0.41w-z
10.49+1.22abc

9.57+2.9a-f

2.93+0.78p-z
3.82+0.68I-z
5.15+1.19i-u

3.5+£0.67m-z

7.53+1.98¢
4.8+1.39j-x
7.624.45¢]
12.56+4.12a
7.2+2.45¢-k

12.49+1.45a
11.16+6.53ab
5.32+3.4h-t

1.47+0.91xyz

1.46+0.89w-C
1.32+0.77x-C
1.87+1.12s-C

0.76+0.24BC

2.68+0.49n-C
1.58+0.46v-C
2.1620.3g-C
13.67£1.29a
12.25+2.12ab

3.57+1.011-A
4.5+0.33i-r
4.42+0.83i-t

3.28+0.36m-B

7.96+3.36def
4.27+0.6i-u
5.99+3.43f-|
6.28+2.02e-k
4.17+0.85i-v

6.59+1.41e-i
9.5+5.89cd
9.92+4.23bcd

11.86+2.46abc

Means = SD followed by the same letter in each column are not significantly different according to LSD test at 5% level. Capital letters were used in sequence following the

completion of mean grouping with small letters. Chl: chlorophyll; Car: carotenoid; CAT: catalase activity; POD: peroxidase activity; SOD: superoxide dismutase.



Table 5 Simple correlation coefficients (Pearson) between seed germination indices and seedling growth, physiological, and biochemical attributes of lavender genotypes under the
influence of water stress and priming treatments

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
2
3
4
5
6
7
8
9
10 0.07 0.09 -0.07 0.1 0.12 0.11 -0.01 0.12 0.12
11 0.1 0.08 0.07 0.07 0.09 -0.02 0.13 0.11 0.09
12 0.08 0.09 -0.02 0.1 0.11 0.07 0.04 0.12 0.11
13 0.05 0.08 -0.19 0.11 0.12 0.22 -0.13 0.11 0.1 0.43
14 0.24 0.13 0.13 0.03 0.09 -0.18 0.04 0.09 0.03 -0.16 0.09 -0.07 -0.22
15 -0.38 -0.41 0.19 -0.38 -0.43 -0.21 0.14 -0.38 -0.38 -0.43 -0.34 -0.41 -0.29 0.17
16 -0.4 0.33 -0.14 -0.06 -0.12 -0.21 0.1
17 -0.35 0.24 -0.3 -0.23 -0.28 -0.29 0.07

-o.4| -o.3| -0.2\ -0.1\ o\ 0.1| 0.2| o.3| 0.4

Non-correlation High positive correlation

[
»

1. Germination percentage; 2. Germination rate; 3. Mean germination time; 4. Seedling length; 5. Seedling vigor index; 6. CVT; 7. CUG,; 8. PV; 9. GV; 10. Chlorophyll a; 11. Chlorophyll
b; 12. Total chlorophyll; 13. Carotenoids; 14. Proline; 15-CAT activity; 16. POD activity; 17. SOD activity



Seedling Physiological and Biochemical Attributes

The physiological and biochemical data analysis indicated that the content of Chl-a, -b, and total, proline and the
activity of antioxidant enzymes CAT, POD, and SOD were significantly affected by the genotype, water stress,
and various priming treatments (Table 3). Furthermore, all measured physiological and biochemical traits
demonstrated significant interactive effects of genotype, water stress, and priming (Table 4). The results showed
that photosynthetic pigments and proline content were higher in the English genotype than in the French
genotype. On the other hand, the activity of antioxidant enzymes was higher in the French genotype (Table 3).
The data revealed that HP seeds from the English genotype under non-water stress conditions led to the highest
average levels of Chl-a, -b, and total (25.83, 12.75, and 38.57 ug.g™* FW, respectively). Priming these seeds with
AzPs also produced the highest average levels of Chl-b and total (13.19 and 36.17 pg.g* FW, respectively) under
non-water stress conditions. Conversely, the French genotype demonstrated the lowest mean levels of
photosynthetic pigments, including Chl-a, -b, and total, under severe water stress conditions when the seeds were
not primed (2.42, 0.89, and 3.31 pug.g™* FW, respectively) or when they were primed with a combination of AMF
+ Bi (2.37, 0.86, and 3.24 ug.g* FW, respectively) (Table 4).

The Car content in the seedlings ranged from 0.37 to 4 pg.g™ FW and varied across different treatments. The
French genotype exhibited the highest mean Car content under well-watered conditions when'the_seeds were
primed with fungi and Bi (AMF + Bi). On the other hand, the French genotype showed the lowest mean Car
content under the highest level of water stress without any seed priming treatment (Table 4).

The mean comparison revealed that the proline content demonstrated variability, ranging.from 29.3 to 588.7
umol.g* FW. Water stress induced by PEG-6000 increased proline content, with.the highest mean of this trait
associated with the highest level of water stress (-1 MPa) and seed priming of the-English genotype with a
combination of AzPs + AMF. Moreover, priming these same seeds with fungi alone or combined with Bi (AMF
+ Bi) resulted in the highest mean proline content. The lowest proline content was observed in the priming of
French seeds with AzPs + Bi under well-watered conditions (Table 4).

The results showed a significant increase in the activity of antioxidant enzymes with the increasing severity of
water stress. The highest CAT activity (7.15 U.mg proteint.min). was-associated with the water stress level of -1
MPa and non-priming treatment of seeds from the French genotype. Moreover, priming these same seeds at the
same level of water stress with HP, AMF, a combination of/AzPs + Bi, and AMF + Bi also resulted in the highest
mean activity of this enzyme. On the other hand, the lowest mean activity was observed in the priming of seeds
from the French genotype with a combination of AzPs+AMF+Bi under a water stress level of -0.25 MPa, with a
mean of 0.03 U.mg proteint.min.

According to the results, the highest activity of the POD was observed under the most severe water stress
conditions when the seeds of the French.genotype were primed with fungi alone (AMF) or in combination with
bacteria (AzPs + AMF) with average values of 12.56 and 12.49 U.mg proteint.min, respectively. Conversely,
the lowest activity of this enzyme was associated with seed priming of the English genotype with Bi under non-
stressed treatment, with an average'of 0.75 U.mg protein™t.min (Table 4).

Like the other two enzymes, the activity of the SOD significantly increased under water stress conditions. The
highest activity was found in the French genotype with non-priming treatment under the highest level of water
stress, with an average of 13.67 U.mg protein™. At the same stress level, HP of seeds also resulted in the most
increased activity of the SOD enzyme. In contrast, the priming of seeds from the English genotype under non-
stress conditions had the lowest activity of this enzyme, with an average of 0.65 U.mg protein™ (Table 4).

Correlation, Regression, and PCA Analysis

Table 5 presents the results of a simple correlation analysis, which examines the relationships between
germination traits, seedling growth, and physiological and biochemical traits. The study revealed significant and
non-significant negative and positive correlations between these traits. The GP positively and significantly
correlated with GR, SL, SVI, CVT, PV, and GV traits. However, it had a negative and significant correlation
with average MGT, CUG, and the activity of antioxidant enzymes such as CAT, POD, and SOD.

A stepwise regression analysis was performed to determine the most influential physiological and biochemical
traits on GP, and the outcomes are illustrated in Table 6. The results indicated that three characteristics, namely



proline content and the activity levels of SOD and POD enzymes, were included in the regression model. These
three traits explained 34.8% of the variation in seed GP.

PCA analysis for the mean data obtained from studying 17 germination, growth, and biochemical traits is
presented in Fig. 1. According to the results, the first and second components justified 46.8% and 19.6% of the
variations, respectively. In the first component, the most influential traits included GP, GR, SVI, PV, and GV. In
contrast, in the second component, the content of photosynthetic pigments, including chlorophyll a, b, and total,
had a significant impact.

Table 6 Stepwise regression for lavender seed germination percentage as the dependent variable and other
physiological and biochemical characteristics as the independent variable

Term Coef SE Coef T-Value P-Value
Constant 58.70 5.85 10.03 0.000
Proline (X1) 0.0512 0.0170 3.01 0.004
POD activity (X2) -2.67 1.06 -2.51 0.014
SOD activity (X3) -2.46 1.04 -2.55 0.013

R-sq= 34.89%
Y =58.70 +0.0512 (X1) - 2.67 (X2) — 2.64 (X3)
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Fig. 1 Principal component analysis (PCA) of germination, growth, physiological, and biochemical attributes of lavender
seedling (English and French genotypes) under water stress and priming treatments

DISCUSSION

The present study evaluated the germination, growth, physiological, and biochemical responses of two lavender
genotypes (English and French) to different priming treatments with biofertilizers under water stress conditions.
Additionally, the study aimed to evaluate biofertilizers efficacy in separate or combined applications. According
to the results, the presence of water stress caused a significant reduction in the seed germination parameters and
seedling growth (GP, GR, SL, SVI, CVT, PV, and GV), especially at the levels of -0.5 and -1 MPa of water stress
(Table 1). Gorzi et al. [29] on Stevia rebaudiana, Afshari et al. [36] on Stevia rebaudiana, and Saha et al. [37]
reported that the main reasons for the decrease in seed germination indices under water stress induced by PEG-
6000 were the reduction in water potential, accumulation of reactive oxygen species due to oxidative stress, and



disruption of metabolic processes and energy supply to the germinating seeds. The researchers reported similar
results showing the adverse effects of water stress on the germination indices of the medicinal plant.

When seeds experience higher levels of water stress, their ability to take up water decreases, reducing
their hydraulic conductivity. This reduction impacts the physiological and metabolic processes involved in seed
germination, causing a decrease in their rate or intensity. Suppose water absorption by the seed is disrupted or
slow. In that case, the metabolic activities of germination will also occur at a slower pace, resulting in a longer
time required for radical emergence and a slower GP [36, 38]. It has been reported that PEG has caused a decrease
in the GR. The molecules of PEG restrict the passage of oxygen through the cell walls and disrupt the oxygen
supply to the roots [39].

As water stress increases, the SVI decreases in inoculated and control seeds, with a more significant reduction
observed in control seeds. Water stress leads to decreased GP, resulting in a reduced number of germinated seeds.
This decrease in the number of normally germinated seeds also leads to a reduction in the SVI. The SVI is
generally considered one of the crucial parameters for determining seed germination, as it directly relates to seed
quality and viability. In other words, better seed quality results in a higher GP and more germinated seeds; leading
to a higher SVI [9]. Other researchers in this field have also reported similar findings on Stevia rebaudiana seeds
[29].

The mean comparison of datarevealed that in the majority of seed ‘germinationand seedling
growth characteristics, the use of biofertilizer included AzPs, AMF, and Bi in combination with HP (either
separately or together) resulted in an increase in the average traits compared to the'control treatment. Furthermore,
the results indicated that the HP had a significant advantage over other treatments regarding seed germination
traits and plant growth parameters. Seed priming or pre-treatment is a method by which injecting moisture and
nutrients into the seed improves germination and seedling growth, reduces the time required for seedling
development, increases tolerance to stress conditions, boosts yield, and reduces production costs. Additionally,
seed priming increases rooting and nutrient absorption, reduces the risk of diseases, and increases resistance to
unfavorable environmental conditions and diseases. Seed priming methods include controlled water supply,
chemical and physical priming, growth-stimulating bacteria; and plant extracts, which are used based on plant
requirements [9, 36]. Hydropriming with water is one of the seed priming methods in which seeds are soaked in
water to improve germination and seedling growth. The benefits of HP include improving germination speed,
reducing the time required for seedling growth, increasing tolerance to stress conditions, boosting yield, reducing
production costs, and reducing seed loss:[40]. Although using biofertilizers improved certain traits, as the
difference was insignificant compared to HP, farmers tend to choose the easiest and most cost-effective method.
Similarly, other researchers have highlighted seed hydropriming's advantages in improving seed
germination and seedling growth parameters of bitter gourd (Momordica charantia) [41]. Reduced seed
germination under water stress may be associated with decreased water uptake by seeds. In this regard, Salleh et
al. [42] reported an improvement.in‘Oryza sativa L. seed germination of HP seeds under water stress.

The present study's findings.demonstrated that the application of AMFs had positive and beneficial impacts on
seed germination traits and,.physiological and biochemical parameters. This could be attributed to the effect of
beneficial bacteria interacting with spores or mycelium, which subsequently contribute to the formation of the
mycorrhizosphere in.the soil. This interaction promotes the growth and development of both AMFs and the host
plant. Mycorrhizal fungi are among the most significant microorganisms that establish a symbiotic relationship
with a diverse range of plants in three forms, including ectomycorrhizae, endomycorrhizae, and
ectendomycorrhizae, thereby enhancing plant nutrient uptake. According to the researchers, mycorrhizal fungi
directly improve plant nutrition by increasing nutrient and water uptake while indirectly mitigating the adverse
effects of biotic and abiotic stresses (such as drought and salinity) [43].

Using bacterial fertilizers (AzPs) for seed inoculation can lead to improved plant growth, accelerated seed
germination, and enhanced seedling development in response to external stressors. Saadaoui et al. [44] conducted
a study investigating the effects of various priming methods (biopriming, bio-osmo priming, osmo-priming, and
non-primed) on wheat seed germination and SVI. The researchers reported that biopriming significantly increased
seed germination and SVI compared to non-primed seeds.



The current study's findings revealed that the mean content of photosynthetic pigments, such as Chl-a, -b, and
total, was significantly higher under the AzPs treatment (Table 3). Growth-promoting bacteria, such as
Pseudomonas and Azotobacter, can significantly improve the content of photosynthetic pigments under water
stress conditions. Studies have shown that these bacteria can considerably enhance the content of Chl-a, -b, and
total for seedlings under water stress [36]. As photosynthetic pigments play a significant role in photosynthesis,
increasing their content can improve plant performance and resilience to environmental stressors. Therefore,
using growth-promoting bacteria can be an effective strategy to mitigate the negative impacts of water stress on
plant growth and development. Moreover, water stress led to a significant reduction in the content of
photosynthetic pigments. The damage to mesophyll chloroplasts resulting in a lower rate of photosynthesis under
stress has been associated with a loss of Chl in previous research [9, 29]. This reduction in Chl content is a typical
symptom of oxidative stress and can be attributed to pigment photo-oxidation and Chl degradation. Moreover,
studies have shown that water stress can decrease photosynthetic pigments such as Chl-a, -b, and total, as well as
carotenoids in safflower [45].

Previous studies have demonstrated that water stress increases proline content in seedlings of Stevia rebaudiana
[36]. Proline aids in improving plant resilience to water stress by facilitating osmotic adjustment, preventing
enzyme damage, and scavenging hydroxyl radicals. Other researchers have also reported. increased proline
content in stressed plants following seed priming [29, 45]. Furthermore, biofertilizers shave been shown to
enhance proline content and modulate phytohormone levels, nutrient absorption, redox potential, ion balance,
photosynthetic efficiency, and the expression of stress-related genes, positively correlating with heightened water
shortage resistance [46]. Proline also plays a crucial role in safeguarding enzymes, preventing macromolecule
degradation, and upholding cell wall strength during environmental stress. Hence, applying AMF and AzPs,
which boost proline levels, seems to amplify this effect, thereby enhancing the plant's resilience to water stress
[47].

Lavender seedlings increase the activity of antioxidant enzymes, including CAT, POD, and SOD, in response to
water stress to mitigate oxidative stress effects. Based on the data analysis and stepwise regression results, the
high activity level of these enzymes significantly influencedthe percentage and rate of germination. The findings
imply that the increased enzyme activity in the seedlings likely reduced cellular damage in the plant by
eliminating excess free radical oxygen produced under drought stress conditions. Indeed, the elevation in
antioxidant enzyme activity under water stress conditions could be attributed to the synergistic presence of AMFs
or bacterial fertilizers application, combined or individually, in contrast to their absence. The utilization of
biofertilizers enhances nutrient uptake, consequently boosting antioxidant enzyme performance. Prior research
has highlighted the significant impact of. AMFs and biological fertilizer treatments on enzymatic antioxidant
responses during environmental stresses [48].

CONCLUSION

Results indicated that biopriming with biofertilizers and HP improved germination parameters and physiological
characteristics. Individual ‘application of biofertilizers was more effective than the combined application of
fungus and bacteria (AzPs + AMF). Additionally, the English genotype exhibited superior characteristics
compared to the French genotype. These findings suggest that seed HP and using AMF and AzPs alone can
enhance seed germination attributes and improve the biochemical characteristics of lavender under water stress
conditions.

Conflict of Interest
The authors have not declared any conflict of interests.

REFERENCES
1. Uritu C.M,, Mihai C.T., Stanciu G.D., Dodi G., Alexa Stratulat T., Luca A., Leon Constantin M.M., Stefanescu R., Bild
V., Melnic S. Medicinal plants of the family Lamiaceae in pain therapy: A review. Pain Research and Management.
2018; 8:1-44.
2. Ozseving A., Alkan C. Polyurethane shell medicinal lavender release microcapsules for textile materials: An
environmentally friendly preparation. Industrial Crops and Products. 2023; 192:116131.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

Pokajewicz K., Biaton M., Svydenko L., Fedin R., Hudz N. Chemical composition of the essential oil of the new cultivars
of Lavandula angustifolia Mill. Bred in Ukraine. Molecules. 2021; 26:5681.

Radu D., Alexe P., Stanciuc N. Overview on the potential role of phytochemicals from lavender as functional ingredients.
The Annals of the University Dunarea de Jos of Galati. Fascicle VI-Food Technology. 2020; 44:173-188.

Peganha D.A., Freitas M.S.M., Cunha J.M., Vieira M.E., de Jesus A.C. Mineral composition, biomass and essential oil
yield of french lavender grown under two sources of increasing potassium fertilization. Journal of Plant Nutrition. 2023;
46:344-355.

Lis-Balchin M. Lavender." in, Handbook of herbs and spices (Elsevier). 2012. pp.85-87.

Naiel B., Fawzy M., Halmy M.W.A., Mahmoud A.E.D. Green synthesis of zinc oxide nanoparticles using Sea Lavender
(Limonium pruinosum L. Chaz.) extract: characterization, evaluation of anti-skin cancer, antimicrobial and antioxidant
potentials. Scientific Reports. 2022; 12:20370.

Hakimi Y., Fatahi R., Shokrpour M., Naghavi M.R. Investigation of germination characteristics of four medicinal plants
seed (lavender, hyssop, black cumin and Scrophularia) under interaction between salinity stress and temperature levels.
Journal of Genetic Resources. 2022; 8:35-45.

Aghighi Shahverdi M., Omidi H., Tabatabaei S.J. Effect of nutri-priming on germination indices and. physiological
characteristics of stevia seedling under salinity stress. Journal of Seed Science. 2017; 39:353-362.

10.Devika O.S., Singh S., Sarkar D., Barnwal P., Suman J., Rakshit A. Seed priming: a potential supplementin integrated
resource management under fragile intensive ecosystems. Frontiers in Sustainable Food Systems. 2021; 5:654001.
Hamidi M., Moghadam H.T., Nasri M., Kasraie P., Larijani H. The effect of ascorbic acid and bio fertilizers on basil
under drought stress. Brazilian Journal of Biology. 2022; 84:1-7.

12.Seleiman M.F., Al-Suhaibani N., Ali N., Akmal M., Alotaibi M., Refay Y., .Dindaroglu T., Abdul-Wajid H.H.,
Battaglia M.L. Drought stress impacts on plants and different approaches to alleviate.its adverse effects. Plants. 2021;
10:259.

Mahmood A., Turgay O.C,. Faroog M., Hayat R. Seed biopriming with plant growth promoting rhizobacteria: a review.
FEMS Microbiology Ecology. 2016; 92:101-112.

Hasanzadehghyrt Tapeh A., Heydarzadeh S., Ghaderi N. Evaluation of quantitative and qualitative characteristics of
Calendula officinalis L. in different treatments of seed priming and biofertilizer. Journal of Crop Production. 2021;
14:123-139.

Hatami M., Khanizadeh P., Bovand F., Aghaee A. Silicon nanoparticle-mediated seed priming and Pseudomonas spp.
inoculation augment growth, physiology and antioxidant metabolic status in Melissa officinalis L. plants. Industrial Crops
and Products. 2021; 162:113238.

Riaz U., Mehdi S.M., Igbal S., Khalid H.I., Qadir A.A., Anum W., Ahmad M., Murtaza G. Bio-fertilizers: eco-friendly
approach for plant and soil environment. /Bioremediation and Biotechnology: Sustainable Approaches to Pollution
Degradation. 2020; 1:189-213.

Kanjevac M., Bojovi¢ B., Ciri¢ A., Stankovié:M., Jakovljevié D. Seed priming improves biochemical and physiological
performance of wheat seedlings under low-temperature conditions. Agriculture. 2022; 13:2-8.

18. Zhang H., Zhang X., Gao G., Ali.l., Wu X., Tang M., Chen L., Jiang L., Liang T. Effects of various seed priming on
morphological, physiological, and biochemical traits of rice under chilling stress. Frontiers in Plant Science. 2023; 12:14-
19.

Borthakur P., Bhattacharyya R:;“Das ‘U. Biochar in organic farming. Organic Farming: New Advances Towards
Sustainable Agricultural Systems. 2019; 1: 109-134.

Zhang K., Khan Z., Yu Q., Qu Z., Liu J., Luo T., Zhu K., Bi J., Hu L., Luo L. Biochar coating is a sustainable and
economical approach.to promote seed coating technology, seed germination, plant performance, and soil health. Plants.
2022; 11:2864.

Zhang P., Yang F:, Zhang H., Liu L., Liu X., Chen J., Wang X., Wang Y., Li C. Beneficial effects of biochar-based
organic fertilizer on nitrogen assimilation, antioxidant capacities, and photosynthesis of sugar beet (Beta vulgaris L.)
under saline-alkaline stress. Agronomy. 2020b; 10:1562.

Brtnicky M., Datta R., Holatko J., Bielska L., Gusiatin Z.M., Kucerik J., Hammerschmiedt T., Danish S., Radziemska
M., Mravcova L. A critical review of the possible adverse effects of biochar in the soil environment. Science of The
Total Environment. 2021; 796:148756.

Zhang K., Wang Y., Mao J., Chen B. Effects of biochar nanoparticles on seed germination and seedling growth.
Environmental Pollution. 2020a; 256:113409.

Seyed Sharifi R., Khavazi K. Effect of seed inoculation with plant growth promoting rhizobacteria (PGPR) on
germination components and seedling growth of corn (Zea mays L.). Journal of Agroecology. 2011; 3:506-513.



25.

26.
27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Afkari A. The effect of seed inoculation with arbuscular mycorrhizal fungi on some chemical characteristics and seed
germination of corn (SC704) under drought stress. Iranian Journal of Seed Science and Technology. 2019; 8:253-264.
Michel B.E., Kaufmann M.R. The osmotic potential of polyethylene glycol 6000. Plant Physiology. 1973; 51:914-916.
Maguire J.D. Speed of germination-aid in selection and evaluation for seedling emergence and vigor. Crop Science.
1962; 2:176-177.

Liopa-Tsakalidi A., Kaspiris G., Salahas G., Barouchas P. Effect of salicylic acid (SA) and gibberellic acid (GAs) pre-
soaking on seed germination of stevia (Stevia rebaudiana) under salt stress. Journal of Medicinal Plants Research. 2012;
6:416-423.

Gorzi A., Omidi H., Bostani A. Morpho-physiological responses of Stevia (Stevia rebaudiana Bertoni) to various priming
treatments under drought stress. Applied Ecology and Environmental Research. 2017; 16:4753-4771.

Aravind J., Vimala D., Radharani J., Jacob S., Srinivasa K. The germinationmetrics package: A brief introduction. New
Delhi, India: ICAR-National Bureau of Plant Genetic Resources. 2019:1-219.

Lichtenthaler H.K., Wellburn A.R. Determinations of total carotenoids and chlorophylls a and b of leaf extracts in
different solvents. In.: Portland Press Ltd. 1983. pp.105-108.

Bates L.S., Waldren R.P., Teare |. Rapid determination of free proline for water-stress studies. Plant and-soil. 1973;
39:205-207.

Chance B., Maehly A. Assay of catalase and peroxidase. Methods in Enzymology, Academic Press,, New York. 1995;
2:764-775.

MacAdam J.W., Nelson C.J., Sharp R.E. Peroxidase activity in the leaf elongation zone of tall fescue: I. Spatial
distribution of ionically bound peroxidase activity in genotypes differing in length of the elongation zone. Plant
Physiology. 1992; 99:872-878.

Beauchamp C., Fridovich I. Superoxide dismutase: improved assays and an assay.-applicable to acrylamide gels.
Analytical biochemistry. 1971; 44:276-287.

Afshari F., Nakhaei F., Mosavi S., Seghatoleslami M. Physiological and biochemical responses of Stevia rebaudiana
Bertoni to nutri-priming and foliar nutrition under water supply restrictions..Industrial Crops and Products. 2022;
176:114399.

Saha D., Choyal P., Mishra U.N., Dey P., Bose B., Prathibha M., Gupta:N.K., Mehta B.K., Kumar P., Pandey S. Drought
stress responses and inducing tolerance by seed priming approach.in plants: Plant Stress. 2022; 100066.

Rajora N., Vats S., Raturi G., Thakral V., Kaur S., Rachappanavar V.,’Kumar M., Kesarwani A.K., Sonah H., Sharma
T.R. Seed priming with melatonin: A promising approach to.combat abiotic stress in plants. Plant Stress. 2022; 4:100071.
Jain M., Kataria S., Hirve M., Prajapati R. Water deficit stress effects and responses in maize. Plant Abiotic Stress
Tolerance: Agronomic, Molecular and Biotechnological Approaches. 2019: 129-151.

Johnson R., Puthur J.T. Seed priming as a cost effective:technique for developing plants with cross tolerance to salinity
stress. Plant Physiology and Biochemistry. 2021; 162:247-257.

Adhikari B., Dhital P.R., Ranabhat S., Poudel H. Effect of seed hydro-priming durations on germination and seedling
growth of bitter gourd (Momordica charantia). PLoS One. 2021; 16:0255258.

Salleh M.S., Nordin M.S., Puteh A.;Shahari'R., Zainuddin Z., Ghaffar M., Noraziyah A. Response of primed rice (Oryza
sativa L.) seeds towards reproductive stage drought stress. Sains Malaysiana. 2021; 50:2913-2921.

Monika N., Yadav N., Mamta Kumar N., Kumar A., Devi S., Kaur V., Kumar S., Arya S. Arbuscular mycorrhizal fungi:
A potential candidate for/nitrogen fixation.' in, Plant Stress Mitigators: Action and Application (Springer). 2022; pp.
201-253.

Saadaoui N., Silini Ay, Cherif-Silini H., Bouket A.C., Alenezi F.N., Luptakova L., Boulahouat S., Belbahri L. Semi-
Avrid-Habitat-adapted plant-growth-promoting rhizobacteria allows efficient wheat growth promotion. Agronomy. 2022;
12:2221.

Zafari M., Ebadi A., Jahanbakhsh S., Sedghi M. Safflower (Carthamus tinctorius) biochemical properties, yield and oil
content affected by 24-epibrassinosteroid and genotype under drought stress. Journal of Agricultural and Food
Chemistry. 2020; 68:22.

Kumar S., Sindhu S.S., Kumar R. Biofertilizers: An ecofriendly technology for nutrient recycling and environmental
sustainability. Current Research in Microbial Sciences. 2022; 3:100094.

Chauhan S., Mahawar S., Jain D., Udpadhay S.K., Mohanty S.R., Singh A., Maharjan E. Boosting sustainable agriculture
by arbuscular mycorrhiza under stress condition: Mechanism and future prospective. BioMed Research International.
2022; Article ID 5275449, 28.

Ahmadi-Nouraldinvand F., Sharifi R.S., Siadat S.A., Khalilzadeh R. Reduction of salinity stress in wheat through seed
bio-priming with mycorrhiza and growth-promoting bacteria and its effect on physiological traits and plant antioxidant
activity with silicon nanoparticles application. Silicon. 2023; 2:1-12.



