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Abstract Brassica oleracea var. kale is a green leafy vegetable used in various dishes, salads, and sandwiches due to its high
nutritive values. The current study aimed to assess physico-chemical parameters affecting seed biopriming and to study biopriming
effect on the growth via evaluating various growth parameters such as germination percentage (GP), average shoot length and
average root length of seedlings (ASL and ARL), seed vigour index (SVI), seed metabolic efficiency (SME), relative water content
(RWC) at the seedling stage, and further observation of biomass, number of leaves, stem and root length at certain developmental
stage. Among the optimized physico-chemical parameters, 4zotobacter spp. at a concentration 10° CFU/mL suspended in 1% NaCl
solution of pH 7 were used for inoculation of kale seeds up to 16 hours at 20°C to obtained the maximum growth. Following these
optimized conditions, seed biopriming was performed using Azotobacter spp, Rhizobium spp. and a combined application of both
the microbes. The results showed that the biopriming of kale seeds with combined application of Azotobacter spp. and Rhizobium
spp. led to the highest growth parameters followed by the individual application of Azotobacter spp or Rhizobium spp. compared to
untreated control seeds. Overall, biopriming with combination of Azotobacter spp. and Rhizobium spp. is a viable strategy for
improving crop productivity and resilience, contributing to sustainable agriculture and global food security.
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INTRODUCTION

Currently, the global population has been surging
continuously and projected to reach approximately 9.7
billion in the upcoming year 2050 [46]. India, the most
populous nation of the world, which estimated to have
a population of approximately 1.65 billion in 2050 and
it has estimated that this rising population requires
nearly 400 million tonnes of food grains production
along with approximately 650 million tonnes
production of fruit and vegetables in 2050 [19]. So, the
need of the hour is sustainable higher production of
food that is highly nutritious and easily available to
fulfil the daily requirement of everyone. In recent
years, significantly higher production of cereals,
leguminous and non-leguminous crops is observed
globally and similar with fruits and vegetable crops due
to various reasons such as improved varieties and
production technologies. In this context, we are
focusing on green leafy vegetables. In India,
approximately 723 species of green leafy vegetables
were grown and consumed in different regions [47].
Leafy vegetables are low cost and easy to afford and
could be grown outdoors (in the field) and indoors
(pots) with smaller space requirements. Mostly, the
leafy vegetables distributed all over the world belong
to the Brassicaceae family [31]. Brassicaceae family
include a wide range of vegetables such as arugula,
bittercress, brussels sprouts, cabbage, canola,
cauliflower, charlock, collard green, horseradish, kale,
kohlrabi, mustard, napa cabbage, rutabaga, shepherd’s
purse, turnip, wasabi, woad, boy choy, and Chinese
cabbage [1]. Most of these species provide edible roots,
leaves, stems, buds, flowers and seeds which can be
used for different purposes such as oil production,
condiments, vegetable and bio-fuel production etc.
[29].
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Kale belong to brassica family and it is cultivated
for their dark green leaves which is the powerhouse/
rich source of dietary fibre, carbohydrates, vitamins
(vitamin A, vitamin C, several vitamins of the B
complex, vitamin E, vitamin U or S-
methylmethionine), flavonoids (quercetin, kaempferol),
phenolic compounds, tannins, phytate and nitrogen
compounds [7, 24, 38, 52]. Its leafy part could be eaten
in different ways such as raw, cooked (boiled or
steamed), chips etc. and also used as hot infusion (tea),
powder (added to culinary dishes), poultice, capsule
and tincture, for various health benefits [54].

The kale is included in the broad leafy vegetable
category and its popularity in consumption has grown
up with 40% of the leafy green vegetables market [13].
Kale is under limited cultivation because of various
growth restraining factors that are associated with soil
composition, pH, temperature, and water along with
various soil borne diseases that occur from the seed to
plant level and thus decrease the germination and yield
of the crop.

To overcome the constraints in growth of the
plants, at present seeds are treated with fungicides and
pesticides as well as heavily supplied with synthetic
fertilizers or other chemicals that adversely affect the
human health. As an alternate recently, bio-priming
which is a safer and economical approach gain much
importance in crop enhancement for its role in
activation of physiological processes without the
emergence of the radicle of seed and used as uniform
seed germination with better stand establishment [17,
32]. It has reported that bio-priming enhances the
germination percentage, seedling length, seedling
vigour index, dry matter production, seed metabolic
efficiency, fresh weight and dry weight, micronutrient
uptake, grain yield, chlorophyll content, lignin
deposition, antioxidant activity, other morphological
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characteristics, and moreover stand up against abiotic
stress and decrease the disease severity caused by
various pathogens [14, 27]. Bio-priming approach has
been explored in diverse crops such as finger millet
[42], maize [4], beans [33], sorghum [28], tomato [§]
and okra [44] so on. Biopriming has also demonstrated
significant benefit in Brassicaceae family crops such as
cabbage, red cabbage, canola, lettuce, mustard, radish,
and rapeseed etc [51, 58, 60, 61]. In kale, till to date
there is only one report of exploration of bio-priming
[36]. But it has been restricted to seed germination and
seedling emergence study only and not much focused
on the factors affecting biopriming, growth parameters
and other agronomic characteristics. So, keeping these
things in mind in the present report physico-chemical
parameters were standardized for seed biopriming and
studied the impact of biopriming at the seedling and
plant level.

MATERIALS AND METHODS

Seeds of Brassica oleracea variety kale was
procured from the local market of Kurukshetra.
Azoteeka™ (Azotobacter spp.) and Rhizotecka™
(Rhizobium spp.) were procured from the Centre for
Bio-Fertilizer production and technology, Department
of Microbiology, Chaudhary Charan Singh Haryana
Agriculture University, Hisar, India. The cultures of
Azotobacter spp. and Rhizobium spp. were maintained
on the Burk’s media and Nutrient Agar, respectively, at
37° C, and stored in a refrigerator at 8 - 10° C.

Seed sterilization and preparation of bacterial cell
suspension cultures

Initially, healthy seeds were segregated and
disinfected with 70% ethyl alcohol for 1-2 minutes,
followed by 0.2% mercuric chloride (4-5 minutes). The
seeds were washed four to five times with autoclaved
distilled water for 30-60 seconds each time in aseptic
conditions under a laminar air flow cabinet, following
the procedure of Mehta et al. (2022) [30]. A total of
sixty sterilized seeds in three replicates (20 seeds per
replicate) were taken for each bacterial treatment.

To prepare the bacterial cell suspension cultures,
Azotobacter spp. and Rhizobium spp. were grown
individually in the flask containing 50 mL of Burk’s
media and Nutrient Broth respectively, incubated the
cultures at 3742 °C with continuous shaking overnight
using orbital incubator shaker. The bacterial pellets
were harvested by centrifugation at 5000 rpm for 10
min at 4°C and adjusted the concentration 1x10°
1x107, 1x10%, 1x10° and 1x10" CFU/mL via
resuspension of pelleted bacteria using the fresh liquid
Burk’s media and measurement of OD at 600nm.
Standardization of physico-chemical parameters
affecting seed biopriming

Various physico-chemical parameters affecting
seed biopriming were standardized using Azotobacter
cultures. The sterilized seeds were treated with
different concentrations (1x10°, 1x107, 1x10%, 1x10°
and 1x10'° CFU/mL) of Azotobacter spp. and kept in
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incubator shaker at 150 rpm for a range of time periods
(4, 8, 12, 16, 20 and 24 hours) and temperature range
of (15°C, 20°C, 25°C and 30°C). Among the other
variable parameters, various priming solutions (Burk's
media or 1% NaCl saline or Hoagland's solution) used
for bacterial cells suspension preparation and a range
of pH levels (5.5, 6, 6.5, 7, 7.5, 8, and 8.5) was also
tested. After incubation of seeds with bacterial
suspension for each treatment, seeds were dried on a
blotting paper and sown in a potting mix consisting of
sand, cocopeat, and vermicompost in 1:2:1 ratio. After
10" day of seed sowing, recorded the data and
concluded at which parameters highest seed
germination and seedling growth occurs, which was
used for further analysis.

After standardization of the parameters with
Azotobacter spp. the optimized protocol was also
applied to Rhizobium spp. either alone or in
combination with Azotobacter spp. In both the cases of
bacterial treatment, on the 10" day of seed sowing,
different parameters such as germination percentage
(GP), average shoot and root length (ASL and ARL) of
seedlings, seed vigour index (SVI), seed metabolic
efficiency (SME), and relative water content (RWC)
were analyzed. Around the 40" day of seed sowing,
parameters such as biomass, number of leaves, shoot
and root length were observed to evaluate the effect of
the biopriming.

Evaluation methods

Germination percentage (GP) — The number of
germinated seeds (seedlings) were counted from the
total number of seeds used for germination in each
experiment. Germination percentage was calculated as
follows and determined the average value of GP from
the data of experiments done in triplicate:

GP = (Total number of seedlings/total number of

seeds) x100.

Average shoot and root length of seedling (ASL
and ARL) — After seed germination, the shoot and root
length of all the seedlings was measured via scale in
centimeter (cm) for each treatment. The average values
of the data were used for further analysis of seedling
vigour index and seed stamina index.

Seed vigour index (SVI) — Seed vigour index also
called seed viability or power of seed for germination.
It is the ability of seedling emergence from the soil. It
was calculated as follows:

Seed vigour index = [ Average shoot length of seedlings
(ASL) + Average root length of seedlings (ARL)] x
GP.

Relative water content (RWC) — The fresh weight
(FW) of the seedlings of each treatment was measured
using the weighing balance. After measuring their fresh
weight (FW), the seedlings were kept in water for 4
hours and measured their turgid weight (TW). This was
followed by drying in a hot air oven at 55 °C until a
constant dry weight (DW) was achieved [15]. It was
calculated as follows:

RWC = {[Fresh weight (FW)-Dry weight (DW)] /

[Turgid weight (TW)-Dry weight (DW)]} x100
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Seed metabolic efficiency (SME) — It is the 1 unit
(g) of dry seed weight that is required for producing
one gram of dry root and shoot is known as metabolic
efficiency of the seed. It was calculated by following
[57] as:

SME = Seedling dry weight (g)/ Seed material respired
(SMR)

Seed material respired (SMR) = Seed dry weight
before germination (SDW) - {Seedling dry weight +
Remaining seed dry weight (RSW)}

Biomass — Approximately after 40" day of seed
sowing, ten plants were selected and gently uprooted
from each treatment and washed the roots to remove
any dirt or soil and then dried them in hot air oven at
55°C until a constant biomass was obtained. Next,
calculated the mean of the values for further analysis.

Shoot and root length of mature plant — Ten adult
plants were selected from each treatment and their
average shoot and root length were measured in
centimeter (cm) via a measuring scale.

Number of leaves — Ten mature plants were chosen
from each treatment, and their leaves were counted for
the evaluation of their overall growth and biomass.
Data analysis

The experiments were conducted in three
independent replicates and post-hoc analysis was
performed using Duncan’s Multiples Range Test
(DMRT) to identify homogenous subsets among the
treatment groups. The analysis was performed using
IBM SPSS Statistics 27.0.1 at a significant level of P <
0.05 and expressed as means + standard deviation (SD)
[50].

RESULTS

In the present study, to ensure the efficient
biopriming of Brassica oleracea var. kale seeds,
various physico-chemical parameters related to seed
germination were assessed using Azofobacter spp. as
depicted in Figure 1. Azotobacter spp. plays a key role
in enhancing soil fertility by fixing nitrogen and
making nutrients more available to plants. The various
physico-chemical parameters optimized were as under:
Effect of microbial concentrations on seed
biopriming

A range of bacterial cells concentrations from 10°
to 10" CFU/mL were tested. In this study, maximum
value of GP 75.22+0.79% was observed at the
concentrations of 10° CFU/mL with non-significant
difference in GP obtained using 10° CFU/mL
(74.67+2.36%), followed by 10'° (66.89+0.16%), 10’
(62.22+2.08%), and 10° (43.89+0.79%) (Fig. 1A). The
maximum value of ASL (6.40+0.48 cm) and ARL
(5.120.08 cm) were achieved at 10° CFU/mL, followed
by 10, 10, 10" and 10° CFU/mL with values of ASL
(5.87£0.52 cm, 5.42+0.43 cm, 4.5340.29 cm and
3.5240.19 cm) and ARL (4.86+0.04 cm, 4.33+0.21 cm,
3.994+0.08 cm and 2.54+0.29 cm), respectively (Fig.
1B). These findings suggests that lower concentrations
(10° to 10" CFU/mL) of microbes exhibits lower GP
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and seedling growth, while increase in concentrations
(10* and 10° CFU/mL) increases the GP but a decline
of seedling length was observed at 10° CFU/mL,
further increases in concentration (10'° CFU/mL)
decreased the both GP and seedling growth. Thus, 10°
CFU/mL concentration was considered as the optimal
concentrations at which both GP and seedling growth
were maximum.
Effect of temperature on seed biopriming

Among the varying temperature range, Azotobacter
strainat optimum concentration (10* CFU/mL) showed
the highest GP (91.67£1.36%) at 20°C. With the
increase in temperature from 25°C to 30°C
significantly lower value of GP 82.22+1.57% and
64.44+0.79%, respectively was observed (Fig. 1C).
However, as the temperature increased from 25 to 30
°C the values of ASL (5.87+0.52 ¢cm and 3.6+£0.28 cm)
and ARL (4.77£0.12 cm and 3.42+1.03 cm) with
respect to both the temperatures were reduced
significantly compared to the ASL (7.57+0.12 cm) and
ARL (6.2740.05 cm) obtained at 20°C (Fig. 1D). At
15°C, significantly lower value of GP (85+2.36%),
ASL (6.03+£0.52 cm) and ARL (5.31+0.34 cm)
compare to temperature at 20°C.
Effect of seed biopriming duration

The seeds were bioprimed with Azofobacter spp.
(10 CFU/mL concentration) at 20°C for various
durations ranging from 4 to 24 hours. The incubation
of seeds up to 16 hours had resulted maximum effect of
biopriming with highest GP (95.56+0.79%), ASL
(9.0+0.08 cm), and ARL (7.97+0.17 cm) (Fig. 1E and
1F). There was no significant difference found in GP
between 16 and 20 hours of incubation but decrease in
seedling growth was observed at 20 hours, further
increasing the duration of incubation rather increasing,
decreased the overall biopriming effect.
Effect of priming solution and their pH on seed
biopriming

Among the effect of priming solutions (Burk’s
media, 1% NaCl saline and Hoagland’s solution) and
their pH on seed biopriming (Fig. 1). The best response
on GP, ASL and ARL (96.67+£2.59%, 14.33+£0.29 cm,
11.13+£0.05 cm, respectively) was observed when the
cells of Azotobacter spp. were suspended in 1% NaCl
saline solution at pH 7, followed by the Burk’s media
(74.44+1.29%, 13.07+£0.05 cm, 10.47+0.21 cm), and
Hoagland’s solution (66.67+1.7%, 12.83+0.25 cm,
9.6+£0.28 cm) (Fig. 1G and 1H). Among the effect of
pH of the priming solutions, an increase in the pH from
5.5 to 7 had increased the germination percentage and
seedling but further increase in pH of the solutions
from 7 to 8.5 rather enhancing declined the
germination and seedling growth (Fig. 1G and 1H).
Effect of bacterial strain used for biopriming

The above optimized protocol of seed biopriming
using Azotobacter spp. was applied to the Rhizobium
spp. either alone or in combination with Azotobacter
spp. at a concentration of 10° CFU/mL suspended in a
1% saline solution having pH 7 and incubated for 16
hours at 20°C. The findings of this study suggested that
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Figure 1. Optimization of various parameters affecting GP, ASL and ARL in seed biopriming of Brassica oleracea (kale) using Azotobacter species.
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seed biopriming with the combined application of
Azotobacter spp. and Rhizobium spp. has resulted
highest GP value of 98.89+0.96%, followed by
individual  application  of  Azotobacter  spp.
(96.77£2.59%) or Rhizobium spp. (73.33£1.41%)
compared to control (35+1.36%) (Table 1).

The seed viability or seed vigor index (SVI)
depends on GP, seedling length (SL) i.e., higher the GP
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and SL than higher the SVI and vice versa. In the
present study, biopriming with mixture of Azotobacter
spp. and Rhizobium spp. has resulted in maximum ASL
of the seedlings (15.3£0.49 cm), followed by the
individual application of Azotobacter spp. and
Rhizobium spp. in comparison to untreated (3.73+0.69
cm) (Table 1 and Fig. 2). Similarly, the combined
application of Azotobacter and Rhizobium also

Table 1. Effect of seed biopriming using different bacterial strain on germination parameters of Brassica oleracea var. kale. Data based on three
replicates of 20 seeds in each and taken at the end of 10" day of seed sowing*.

Treatment GP (%) ASL (cm) ARL (cm)  SVI RWC (%) SME (g/g)
Control 35+ 1.36° 3.73+£0.69" 3.13+£04" 244.44429.74*  74.35+0.13" 0.5+0.21°
Azotobacter spp. 96.77+2.59°  14.33£0.29° 11.13+0.05° 2463.85+53.73°  85.59+0.43° 2.5+0.04°

Rhizobium spp.

73.33+1.41°  11.27+0.19"
Azotobacter spp. + Rhizobium spp.  98.89+0.96° 15.3 £ 0.49°

9.73+0.41° 1540.4+55.72°  83.47+0.76° 1.17+0.12°
12.240.73°  2718.44+ 958"  86.06+0.29° 3.33+0.07°

“Data are presented as mean + SD. The mean comparisons were conducted using DMRT and values within the same column with different alphabetical superscripts are
significantly different at P < 0.05. GP = germination percentage, ASL = average shoot length, ARL = average root length, SVI = seed vigour index, RWC = relative water

content, and SME = seed metabolic efficiency.

Figure 2. Effect of biopriming on average shoot length and root length of seedling in Brassica oleracea at the end of 10" day with various treatments:
control (A), Azotobacter spp. (B), Rhizobium spp. (C), Combination of Azotobacter spp. and Rhizobium spp.( D)

Figure 3. Effect of biopriming in Brassica oleracea at mature plant stage (at the of 40" day) with various treatments: control (A), Azotobacter spp.
(B), Rhizobium spp. (C), Combination of Azotobacter spp. and Rhizobium spp.( D)

Table 2. Effect of seed biopriming using different bacterial strain on the growth of Brassica oleracea var. kale. Data were taken at the end of 40" day

of seed sowing*

Average number of

Treatment Biomass (g) Shoot length (cm) Root length (cm) leaves/plants
Control 19.25£1.01° 14.6+0.32* 8.3+0.87" 5
Azotobacter spp. 75.56+1.76° 43.3+0.61° 18.6+0.22° 10
Rhizobium spp. 47.77£2.65° 24.5+0.54° 14.3+0.45 7
Azotobacter spp. + 137.32+2.03¢ 58.8+0.12¢ 19.3+0.19° 11

Rhizobium spp.

*Experiments were conducted using three independent replicates. Data are presented as mean + SD. Mean comparisons were conducted using DMRT and values within the

same column with different alphabetical superscripts are significantly different at P < 0.05.
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possesses the maximum ARL of seedlings i.e.,
12.240.73 cm followed by individual application of
Azotobacter (11.13+£0.05 cm) or Rhizobium (9.73+0.41
cm) compared to control (3.13+£0.4 cm).

The combined application of Azotobacter spp. and
Rhizobium spp. possessed the maximum value of GP,
and SL which correspondingly resulted in highest
value of SVI (2718.44+£95.8) followed by the
individual  application  of  Azotobacter  spp.
(2463.85+£53.73) and Rhizobium spp. (1540.4+55.72)
than control SVI (244.44429.74) (Table 1).

Seed metabolic efficiency (SME) refers to the
effectiveness of seed, where it converts stored nutrients
into energy and biomass during germination and
seedling growth. Besides, germination percentage and
seedling length, SME is also an important indicator of
plant growth. The combined application of microbes
possessed the highest SME (3.33+0.07 g/g), followed
by Azotobacter spp. (2.5+0.04 g/g), and Rhizobium
spp. (1.17+0.12 g/g) than control SME (0.5+0.21 g/g)
(Table 1). From the results it was observed that higher
GP and SL occurs because of higher SME. The
combination of the Azotobacter and Rhizobium spp.
possess the highest SME value with significant
difference compared to individual application of them
and control.

The relative water content (RWC) of seedlings
indicates the hydration level of the cells and often used
as an indicator of plant stress. Biopriming with
Azotobacter + Rhizobium spp. exhibited the maximum
value of RWC (86.06+0.29%) followed by Azotobacter
spp.(85.59+0.43%) and  Rhizobium spp. alone
(83.47+0.76%) compared to the control RWC
(74.35+0.13%) (Table 1).

The plant-later stage growth (biomass, shoot and
root length and number of leaves) parameters were also
studied and significant differences were observed. The
combined application of Azotobacter and Rhizobium
lead to the maximum value of shoot length (58.8+0.12
cm), followed by the Azotobacter spp. (43.3£0.61 cm)
and Rhizobium spp. (24.5+0.54 cm), than the value of
control shoot length (14.6+0.32 cm) (Table 2 and Fig.
3). Similar to the shoot length, biopriming has been
also found to enhance the root length of microbial
treated seedlings compared to untreated control (Table
2 and Fig. 3).

The number of leaves is closely related to the plant
growth and in particular to the shoot length, the larger
size plant shoots led more number of nodal regions and
in resultant develops more leaves. Biopriming with
combination of Azotobacter spp. and Rhizobium spp.
resulted in the maximum average number of leaves per
plant (11 leaves/plant) followed by individual
application of Azotobacter (10 leaves/plant) and
Rhizobium (7 leaves/plant) compared to untreated
control plants (5 leaves/plant) (Table 2 and Fig. 3).

Biomass of the plant is the indicator of level of
physiological processes like photosynthetic activity,
nutrient uptake and utilization, vigour and overall
growth. Biopriming with combined application of
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Azotobacter + Rhizobium spp. has resulted maximum
value of biomass (137.32+2.03 g) with significant
difference compared to individual microbes and
untreated control plants (Table 2).

DISCUSSION

Microbial treatment has an important role in
increasing the seed germination, overall growth, and
yield of a crop without using harsh chemicals [6]. Thus
this chemical free approach of enhancing the growth
and yield of the plant was studied. Various physico-
chemical parameters were assessed and optimized in
the curret study. The concentration of the bacterial
culture was assessed and 10° CFU/mL concentration
was considered as the optimal concentrations at which
both GP and seedling growth were maximum. This
observation was consistent with the findings in tomato,
where Trichoderma asperellum showed the most
significant result at 1x10®  concentration [55].
According to Kerecki et al. (2021) [23] Azotobacter
spp. at lower concentration (107 CFU/mL) has been
shown to improve the GP and seedling growth in
cucumber, tomato, wheat, soyabean, while no such
effect was observed in white mustard and canola. This
indicates that in Brassicaceae plant species, lower
concentration of Azotobacter spp. is not effective in
promoting seed germination and seedling growth that
might be due to insufficient production of growth
hormone required for biopriming. In a report it has
observed that at higher microbial concentrations,
phytohormone production was also higher which helps
in germination and plant growth [25]. In the present
study we also observed that lower concentrations were
not efficient while at higher concentrations (10° and 10°
CFU/mL) of Azotobacter spp. we found it promotive to
GP and seedling growth.

Among the different temperatures checked, the
optimized temperature was found to be 20°C where the
maximum GP was obtained. The temperature was
found to affect the biopriming significantly as
evidenced in Pennisetum glaucum where Azotobacter
spp. increases the plant growth at 20°C, and after that,
an increase in temperature negatively affects the
microbial growth and reduces its efficiency of nitrogen
fixation [53] which corresponds to our study where at
20°C Azotobacter spp. resulted highest GP and
seedling growth. Further, the lower temperatures
considerably accelerate the growth, likely through
lowering the competition for metabolic resources
between bacteria and seeds. Also the duration of
biopriming significantly affects the growth of the plant
with 16 hours duration found the best for biopriing
resulting in the maximum GP, ASL and ARL.
According to Galindo ef al. (2007) [16] and Kurdish et
al. (2008) [26], the extended biopriming duration leads
to  excessive accumulation of  extracellular
polysaccharide by Azotobacter spp. which diminishes
its adhesion efficiency to the seed surface and impairs
key metabolic functions and thereby decreases the



Analele Universitatii din Oradea, Fascicula Biologie

effect of biopriming. Our study also indicates that
extension of the biopriming duration over threshold
duration negatively influences germination percentage
(GP) and seedling growth.

The solution used for the biopriming also effects
the process significantly. Different solutions were
tested for the efficient biopriming and 1% NaCl
solution gave the best response on GP, ASL and ARL.
The results align with the studies in white mustard,
cucumber, tomato, wheat, and soyabean where cells of
Azotobacter spp. when suspended in NaCl solution
showed highest GP and seedling length [23]. Similarly
in case of tomato, when cells of other microbe like
Trichoderma harzianum were suspended in NaCl
solution showed an increase in GP, shoot and root
length as compared to control [45]. Similarly the effect
of pH of the solution on biopriming was accessed and
the best response was observed on pH range of 5.5 to
7. Our finding was in correlation with the studies in
canola and tomato where biopriming at pH 6 and 7.4
promoted the seedling growth [34, 45]. Ghotbzadeh
and Gianinetti, (2018) [18] also reported that slightly
acidic and neutral environments support the microbial
activities while higher pH negatively influenced the
biotic interactions which corresponds to our study
where an increase in pH from 7 to 8.5 declines the
biopriming response.

The above optimized parameters were applied to
other bacterial strains and their combinations. The best
response was obtained in the combined application of
Azotobacter spp. and Rhizobium spp. resulting in
highest GP. Consistent to our findings in other
Brassicaceae crop canola, the combined application of
PGPR like Azotobacter and Azospirillum species was
shown to increases the growth and productivity [62].
The combined application of Azotobacter spp. and
Rhizobium spp. was found to be the most effective in
enhancing GP in different plant species such as
Trigonella foenum-graceum, Vicia faba and Zea mays
[12, 20, 37, 39]. Abdiev ef al. (2019) [2] reported that
Azotobacter and Rhizobium species alone or in
combination enhanced the plant growth by adopting
mechanisms like nitrogen fixation and uptake of
nutrients from the soil, which could be the possible
reason in our study also where these microbes
individually or in combination enhanced the plant
growth.

The effect of the application of the bacterial strains
either alone or in combinations was tested on the GP,
ARL and ASL to find out the SVI and SSI. The best
response was obtained with the combined application
of the two bacterial strains. Our results align with the
report of Chaudhari et al. (2023) [11], where
Azotobacter alone or combination increases the shoot
length and root length of seedling as compared to
control in Heterophragma quadriloculare. In Eruca
sativa a Brassicaceae crop, Rhizobium species did not
show significant difference in shoot and root length but
showed proliferation in roots [49], though contrast to it
in our study Rhizobium spp. has showed an increase in
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root length of the seedlings and showed significant
difference compared to the control ARL. Our results
also resembles with the canola and mustard, where
treatment with Azotobacter enhances the vigor index
[23].

Seed metabolic efficiency (SME), is another
important plant growth parameter which measures the
potential of the seed to convert stored food into energy.
The highest SME was obtained in the combined
application of the bacterial strains than the individual
bacterial strain application. Similarly, RWC is an
important factor related with the water availability in
the seeds to carry out metabolic processes. The
outcome of our study suggested that RWC has
enhanced significantly by the biopriming treatment at
the seedling stage with the combination of the two
bacterial strains showing the best results. The results
are in accordance with Dashadi er al. (2011) [12]
where co-inoculation of Azofobacter and Rhizobium
spp. also enhances the RWC. The possible reason for
enhanced RWC could be due to the more uptake of
water content because of good development of roots [3,
5].

The favorable outcomes observed in seed
germination and seedling growth parameters due to
biopriming treatments provide a strong foundation for
anticipating positive impacts on plant-later stage
growth (biomass, shoot and root length and number of
leaves). The combination of the both bacterial starins
during the biopriming resulted in the maximum shoot
length obtained for the plant when compared with
individual applications of bacterial strains and control.
These findings were consistent with the studies in
different crop plants where biopriming with individual
or combination of microbes enhanced the shoot length
such as in mustard (Brassica Juncea L.), radish, wheat
and common bean [9, 33, 35, 56]. Similar results were
obtained for the root length where the combination of
both bacteria gave the best response. Hussein ef al.
(2016) [22] also reported that Azotobacter spp.
promotes the root length in Brassica napa as compared
to control, which is consistent to our study where
Azotobacter spp. either alone or in combination
increases the root length. Likewise, Rhizobium spp.
either alone or in combination also enhanced the shoot
and root length of Brassica oleracea var. kale, a non-
legume crops. This promotive effect on the plant
growth might be because of production of
phytohormones (auxins such as indole-3-acetic acid
and different cytokinins e.g. 2-isopentenyl adenosine,
zeatine etc.) by the increased activity of Rhizobium
spp. in response to plant root exudates [40]. Among the
another possible reason, it was also reported that root
exudates of B. campestris, supports the population
growth of Mesorhizobium spp. that consequently
enhances the nitrogen content [10].

The number and the area of leaves on a plant
signifies its growth and its photosynthetic ability. The
biopriming with the bacterial alone or their
combination increased the number of leaves per plant
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when compared to the control, with the combination
being the most responsive. Azotobacter spp. alone or in
combination promotes the leaf number, in accordance
to Razmjooei et al. (2022) [48] this could happens due
to the more uptake of nitrogen content, which
ultimately promotes the biomass accumulation and leaf
number and size. Rhizobium spp. resulted in fewer
leaves compared to other treatments, the results have
consistency with observation in Sinapis alba
(Brassicaceae crops), where it was noticed that nodule
formation activity of Rhizobium spp. has been affected
that reduced nitrogen uptake from soil and could be the
possible reason for lower number of leaves [21].
Biomass is a factor which is directly or indirectly
related with the growth parameters of the plant. Here
the biopriming also resulted in the increased biomass
of the plant with combined application of both bacterial
strains resulting in the highest biomass obtained. In
various crops such as Triticum aestivum, Cicer
arietinum, Cajanus cajan, Helianthus annus, and
Brassica nigra, it was observed that Azotobacter spp.
either alone or in combination showed an enormous
positive response to plant characteristics such as
increase in growth and nutrient uptake, which was
corelated with our study where biopriming with
Azotobacter spp. and Rhizobium spp. promoted the
biomass [41, 43, 59].

In conclusion, the current study established the
substantial consequences of microbial treatment on
promoting seed germination, seedling length, vigor
index, and development of plants by thoroughly
evaluating the physico-chemical conditions managing
seed biopriming in Brassica oleracea var. kale. The
physico-chemical parameters for maximum seed
germination and seedling growth were optimized with
Azotobacter spp.at a concentration of 10° CFU/mL
dissolved in a 1% saline solution at pH 7, and
incubated for 16 hours at 20 °C. Biopriming with a
combined application of Azotobacter spp. and
Rhizobium spp. indicated a synergistic effect that
delivered significant improvements across various
parameters such as GP, ASL, ARL, SVI, RWC, and
SME at the seedling stage in comparison to untreated
control and individual treatment. In addition to
improving growth at initial developmental stages, these
microbial combinations have an immense effect on
biomass, number of leaves, shoot length, and root
length on mature plants, which ultimately increased the
growth of Brassica oleracea var. kale. The findings
ought to be validated in future studies using a wide
range of cultivars and evaluation of agronomic
parameters. It might encourage global attempts towards
environment friendly farming by accelerating the
advancement of sustainable biopriming technology.

Acknowledgement: Dr. Raman Saini is thankful to Kurukshetra
University, Kurukshetra for Minor Research Project Vide No. DPA-
1/32/22/MRP/2358-2500. Ms. Ritu Badal is thankful to University
Grant Commission, New Delhi for Rajiv Gandhi NFSC for Senior
Research Fellowship.

Conlflict of interest. There is no actual or potential conflict of
interest in relation to this article.

172

REFERENCES

[1] Abbaoui, B., Lucas, C.R., Riedl, K.M., Clinton, S.K.,
Mortazavi, A., (2018): Cruciferous vegetables,
isothiocyanates, and bladder cancer prevention.

Molecular Nutrition & Food Research, 62(18): 1800079.

[2] Abdiev, A., Khaitov, B., Toderich, K., Park, K.W.,
(2019): Growth, nutrient uptake and yield parameters of
chickpea (Cicer arietinum L.) enhance by Rhizobium
and Azotobacter inoculations in saline soil. Journal of
Plant Nutrition, 42(20): 2703-2714.

[3] Ahluwalia, O., Singh, P.C., Bhatia, R., (2021): A review
on drought stress in plants : Implications, mitigation and
the role of plant growth promoting rhizobacteria.

Resources, Environment and Sustainability, 5(16):
100032.
[4] Anbalagan, A., Lakshmi, S., Nakkeeran, S.,

Renganayaki, P.R., (2020): Biopriming with bacterial
inoculants on seed quality parameters of maize hybrid
COH (M) 6 seeds. Journal of Pharmacognosy and
Phytochemistry, 9(4): 3340-3343.

[5] Asghari, B., Khademian, R., Sedaghati, B., (2020): Plant
growth promoting rhizobacteria (PGPR) confer drought
resistance and stimulate biosynthesis of secondary
metabolites in pennyroyal (Mentha pulegium L.) under
water shortage condition. Scientia Horticulturae, 263(1):
109132.

[6] Badar, R., Qureshi, S.A., (2014): Comparative effects of
biofertilizers, chemical fertilizer and fungicide on
growth of Brassica nigra. International Journal of
Advanced Research, 2(8): 266-278.

[7] Becerra-Moreno, A., Alanis-Garza, P.A., Mora-Nieves,
J.L., Mora-Mora, J.P., Jacobo-Velazquez, D.A., (2014):
Kale: An excellent source of vitamin C, pro-vitamin A,
lutein and glucosinolates. CYTA - Journal of Food,
12(3): 298-303.

[8] Bhatt, R.M., Selvakumar, G., Upreti, K.K., Boregowda,
P.C., (2015): Effect of biopriming with Enterobacter
strains on seed germination and seedling growth of
tomato (Solanum lycopersicum L.) under osmotic stress.
Proceedings of the National Academy of Sciences India
Section B - Biological Sciences, 85(1): 63-69.

[9] Bhattacharjee, R., Dey, U., (2014): Biofertilizer, a way
towards organic agriculture: A review. African Journal
of Microbiology Research, 8(24): 2332-2343.

[10] Chandra, S., Choure, K., Dubey, R.C., Maheshwari,
D.K., (2007): Rhizosphere competent Mesorhizobium
loti MP6 induces root hair curling, inhibits Sclerotinia
sclerotiorum and enhances growth of Indian mustard
(Brassica  campestris).  Brazilian  Journal  of
Microbiology, 38(1): 124-130.

[11] Chaudhari, V., Prajapati, V.M., Tandel, M.B., Arti, P.,
Patel, A., (2023): Effect of biopriming on seed
germination, growth and biomass of waras
(Heterophragma quadriloculare Roxb.). Indian Journal
of Ecology, 50(5): 1365-1367.

[12] Dashadi, M., Khosravi, H., Moezzi, A., Nadian, H.,
(2011): Co-Inoculation of Rhizobium and Azotobacter
on growth indices of faba bean under water stress in the
green house condition. Advanced Studies in Biology,
3(8): 373-385.

[13] Davis, W.V, Weber, C., Lucier, G., Skorbiansky, S.R.,
(2022): Vegetables and pulses outlook: December 2022.
Outlook Washington, D.C.: U.S. Department of
Agriculture, Economic Research Service, United state,
VGS-369.

[14] Deshmukh, A.J., Jaiman, R.S., Bambharolia, R.P., Patil,



Analele Universitatii din Oradea, Fascicula Biologie Original Paper 2025, Tom. XXXII, Issue: 2, pp. 165-174
V.A.,, (2020): Seed biopriming — A Review. 2654.
International Journal of Economic Plants, 7(1): 38-43. [29] McVetty, P.B.E., Duncan, R.W., (2015): Canola,

[15] Singh, V.P., Singh, G.P., (2018): Induction of water
deficit tolerance in wheat due to exogenous application
of plant growth regulators: membrane stability, water
relations and photosynthesis. Photosynthetica, 56(2):
478-486.

[16] Galindo, E., Pefia, C., Nuilez, C., Segura, D., Espin, G.,
(2007): Molecular and bioengineering strategies to
improve alginate and polydydroxyalkanoate production
by Azotobacter vinelandii. Microbial Cell Factories,
6(7): 1-16.

[17] Ghorbanpour, M., Hatami, M., (2014): Biopriming of
Salvia  officinalis seed with growth promoting
rhizobacteria affects invigoration and germination
indices. Journal of Biological and Environmental
Sciences, 8(22): 29-36.

[18] Ghotbzadeh, S., Gianinetti, A., (2018): A response of the
imbibed dormant red rice caryopsis to biotic challenges
involves extracellular pH increase to elicit superoxide
production. Seed Science Research, 28(4): 261-271.

[19] Gu, D., Andreev, K., Dupre, M.E., (2021): Major trends
in population growth around the world. China CDC
Weekly, 3(28): 604-613.

[20] Hadi, F., Bano, A., (2010): Effect of diazotrophs
(Rhizobium and Azatebactor) on growth of maize (Zea
mays L.) and accumulation of lead (Pb) in different plant
parts. Pakistan Journal of Botany, 42(6): 4363-4370.

[21] Hossain, S., Bergkvist, G., Glinwood, R., Berglund, K.,
Martensson, A., Hallin, S., Persson, P., (2015):
Brassicaceae cover crops reduce Aphanomyces pea root
rot without suppressing genetic potential of microbial
nitrogen cycling. Plant and Soil, 392: 227-238.

[22] Hussein, K.A., Yoo, J., Joo, J.H., (2016): Tolerance to
salt stress by plant growth-promoting rhizobacteria on
Brassica rapa var. glabra. Korean Journal of Soil
Science and Fertilizer, 49(6): 776-782.

[23] Kerecki, S., Jovi¢i¢-Petrovié, J., Kljujev, 1., Lalevi¢, B.,
Karli¢i¢, V., Petrovié, 1., Railevi¢, V., (2021):
Biopriming: a  sustainable support for crop
establishment. pp. 188-194. In Proceedings of the XII
International ~ Scientific ~ Agricultural ~ Symposium
“Agrosym 2021, Jahorina.

[24] Korus, A., (2011): Level of vitamin C, polyphenols, and
antioxidant and enzymatic activity in three varieties of
kale (Brassica oleracea L. var. Acephala) at different
stages of maturity. International Journal of Food
Properties, 14(5): 1069-1080.

[25] Kumar, P., Rathee, J., Rani, S., Suneja, P., (2024):
Formulation and effectivity of consortia of potential
plant growth promoting endophytic bacteria from
chickpea (Cicer arietinum). Journal of Applied Biology
and Biotechnology, 12(4): 241-247.

[26] Kurdish, 1.K., Bega, Z.T., Gordienko, A.S., Dyrenko,
D.I., (2008): The effect of Azotobacter vinelandii on
plant seed germination and adhesion of these bacteria to
cucumber  roots.  Applied  Biochemistry  and
Microbiology, 44(4): 400-404.

[27] Mahmood, A., Turgay, O.C., Farooq, M., Hayat, R.,
(2016): Seed biopriming with plant growth promoting
rhizobacteria: A review. FEMS Microbiology Ecology,
92(8): 1-14.

[28] Manzar, N., Singh, Y., (2019): Integration of seed
biopriming, soil and foliar application of formulations of
Trichoderma species for management of Anthracnose of
sorghum under field condition. International Journal of
Current Microbiology and Applied Sciences, 8(6): 2648-

173

rapeseed, and mustard: for biofuels and bioproducts. pp.
133-156. In Cruz, V.M.V., David, A.D., (eds.):
Industrial Crops: Handbook of Plant Breeding, vol. 9,
Springer, New York.

[30] Mehta, N., Singh, A., Saini, R., (2022): Shoot apex
priming, antioxidants, and mechanical injuries
modulating regeneration and transformation potential of
grain legume crop ricebean (Vigna umbellata (Thunb.)
Ohwi & Ohashi). In Vitro Cellular & Devlopmental
Biology - Plant, 58(6): 888-902.

[31] Miller-Cebert, R.L., Sistani, N.A., Cebert, E., (2009):
Comparative mineral composition among canola
cultivars and other cruciferous leafy greens. Journal of
Food Composition and Analysis, 22(2): 112-116.

[32] Moeinzadeh, A., Sharif-Zadeh, F., Ahmadzadeh, M.,
Tajabadi, F.H., (2010): Biopriming of sunflower
(Helianthus annuus L.) seed with Pseudomonas
fluorescens for improvement of seed invigoration and
seedling growth. Australian Journal of Crop Science,
4(7): 564-570.

[33] Monalisa, S.P., Beura, J.K., Tarai, R.K., Naik, M.,
(2017): Seed quality enhancement through biopriming in
common bean (Phaseolus vulgaris. L). Journal of
Applied and Natural Science, 9(3): 1740-1743.

[34] Mousavi, M., Omidi, H., (2019): Seed priming with bio-
priming improves stand establishment, seed germination
and salinity tolerance in canola cultivar (Hayola 401).
Iranian Journal of Plant Physiology, 9(3): 2807-2817.

[35] Mukhopadhyay, R., Sitansu, P., (2012): Effect of
biopriming of radish (Raphanus sativus) seed with some
antagonistic isolates of Trichoderma. The Journal of
Plant Protection Sciences, 4(2): 46-50.

[36] Murunde, R., Wainwright, H., (2018): Bio-priming to
improve the seed germination, emergence and seedling
growth of kale, carrot and onions. Global Journal of
Agricultural Research, 6(3): 26-34.

[37] Nagananda, G.S., Das, A., Bhattacharya, S., Kalpana, T.,
(2010): In vitro studies on the effects of biofertilizers
(Azotobacter and Rhizobium) on the seed germination
and development of Trigonella foenum-graceum L.
using a novel glass marble containing liquid medium.
International Journal of Botany, 6(4): 394-403.

[38] Nazzaro, F., Cardinale, F., Cozzolino, A., Granese, T.,
(2014): Polyphenol composition and antioxidant activity
of different potentially functional kale-based snacks.
Food and Nutrition Sciences, 5(12): 1145-1152.

[39] Negi, S., Bharat, N.K., Kumar, M., (2021): Effect of
seed biopriming with indigenous PGPR, Rhizobia and
Trichoderma sp. on growth, seed yield and incidence of
diseases in french bean (Phaseolus vulgaris L.). Legume
Research - An International Journal, 44(5): 593-601.

[40] Noel, T.C., Sheng, C., Yost, C.K., Pharis, R.P., Hynes,
M.F., (1996): Rhizobium leguminosarum as a plant
growth-promoting  rhizobacterium: Direct growth
promotion of canola and lettuce. Canadian Journal of
Microbiology, 42(3): 279-283.

[41] Parewa, H.P., Yadav, J., Rakshit, A., Meena, V.S.,
Karthikeyan, N., (2014): Plant growth promoting
rhizobacteria enhance growth and nutrient uptake of
crops. Agriculture for Sustainable Development, 2(2):
101-116.

[42] Prashant, S.M., Macha, S.I., Kurnalliker, V.K., Yogeesh,
L.N., Ravikumar, A., (2021): Influence of seed bio
priming for enhancing seed quality in finger millet
(Eleusine  coracana L. Garten.). Journal of



Badal, R., Mehta, N., Saini, R. - Study of physico-chemical factors influencing the seed biopriming and its impact on the seed germination and growth of Brassica oleracea

var. kale

Pharmacognosy and Phytochemistry, 10(1): 102-104.

[43] Qureshi, M.A., Ahmad, M.J., Naveed, M., Igbal, A.,
Akhtar, N., Niazi, K.H., (2009): Co-inoculation with
Mesorhizobium ciceri and Azotobacter chroococcum for
improving growth, nodulation and yield of chickpea
(Cicer arietinum L.). Soil and Environment, 28(2): 124-
129.

[44] Rai, A.K., Das, H., Basu, A.K., (2019): Response of bio-
priming in okra for vegetable production. Journal of
Applied and Natural Science, 11(3): 687-693.

[45] Rajput, R.S., Singh, P., Singh, J., Vaishnav, A., Ray, S.,
Singh, H.B., (2019): Trichoderma mediated seed
biopriming augments antioxidant and phenylpropanoid
activities in tomato plant against Sclerotium rolfsii.
Journal of Pharmacognosy and Phytochemistry, 8(3):
2641-2647.

[46] Randive, K., Raut, T., Jawadand, S., (2021): An
overview of the global fertilizer trends and India’s
position in 2020. Mineral Economics, 34(3): 371-384.

[47] Ray, A., Ray, R., (2022): The leafy greens of India -
their diversity, pattern of consumption, and overriding
implication on food and nutrition security. Agroecology
and Sustainable Food Systems, 46(3): 432-451.

[48] Razmjooei, Z., Etemadi, M., Eshghi, S., Ramezanian,
A., Abarghuei, F.M., Alizargar, J., (2022): Potential role
of foliar application of Azotobacter on growth,
nutritional value and quality of lettuce under different
nitrogen levels. Plants, 11(3): 406.

[49] Rubio-Canalejas, A., Celador-Lera, L., Cruz-Gonzélez,
X., Menéndez, E., Rivas, R., (2016): Rhizobium as
potential biofertilizer of Eruca sativa. pp. 213-220. In
Gonzélez-Andrés, F., James, E., (eds.): Biological
Nitrogen Fixation and Beneficial Plant-Microbe
Interaction. Springer International, Switzerland.

[50] Sahur, A., Dermawan, R., Hendrik, S., (2020): The
application of biopriming using T7richoderma and
Streptomyces spp. on the germination stage of soybean.
IOP Conference Series: Earth and Environmental
Science, 575(1): 012122.

[51] Sarkar, D., Rakshit, A., Parewa, H.P., Danish, S.,
Alfarraj, S., Datta, R., (2022): Bio-priming with
compatible rhizospheric microbes enhances growth and
micronutrient uptake of red cabbage. Land, 11(4): 536.

[52] Satheesh, N., Workneh Fanta, S., (2020): Kale: Review
on nutritional composition, bio-active compounds, anti-
nutritional factors, health beneficial properties and
value-added products. Cogent Food and Agriculture,

6(1): 1811048.

[53] Sethi, S.K., Adhikary, S.P., (2012): Azotobacter: A plant
growth-promoting rhizobacteria used as biofertilizer.
Dynamic Biochemistry, Process Biotechnology and
Molecular Biology, 6(1): 68-74.

[54] Sikora, E., Bodziarczyk, 1., (2012): Composition and
antioxidant activity of kale (Brassica oleracea L. var.
Acephala) raw and cooked. Acta Scientiarum
Polonorum. Technologia Alimentaria, 11(3): 239-248.

[55] Singh, P., Singh, J., Ray, S., Rajput, R.S., Vaishnav, A.,
Singh, R.K., Singh, H.B., (2020): Seed biopriming with
antagonistic microbes and ascorbic acid induce
resistance in tomato against  Fusarium  wilt.
Microbiological Research, 237: 126482.

[56] Singson, L., Bhatt, A., Ballabh, J., Singh, M., Meitei,
AN., Devi, M.M., (2022): Efficacy of integrated
nutrient management on growth and yield of mustard
(Brassica juncea L.). Journal of Survey in Fisheries
Sciences, 8(2): 264-267.

[57] Sivasakthi, S., Renganayaki, P.R., Sundareswaran, S.,
(2022): Influence of TSP polymer coating and
biostimulants on seed germination behavior and seedling
vigour of black gram var. VBN 8. The Phrama
Innovation Journal, 11(4): 7-13.

[58] Somagh, H.A., Mousavi, S.M., Omidi, H,
Mohammadian, E., Hemmati, M., (2017): Canola seed
germination and seedling growth in response to saline
condition and bio-priming. Iranian Journal of Plant
Physiology, 7(4): 2149-2156.

[59] Tilak, K.V.B.R., Ranganayaki, N., Manoharachari, C.,
(2006): Synergistic effects of plant-growth promoting
rhizobacteria and Rhizobium on nodulation and nitrogen
fixation by pigeonpea (Cajanus cajan). European
Journal of Soil Science, 57(1): 67-71.

[60] Tumpa, F.H., Sultana, A., Alam, M.Z., Khokon, M.A.R.,
(2017): Bio-stimulation by seed priming with Bacillus
subtilis for suppressing seed-borne fungal pathogens of
vegetables in Bangladesh. Journal of the Bangladesh
Agricultural University, 14(2): 177-184.

[61] Umesha, S., Roohie, R.K., (2017): Role of Pseudomonas
fluorescens and INA against black rot of cabbage.
Journal of Phytopathology, 165(4): 265-275.

[62] Yasari, E., Patwardhan, A.M., (2007): Effects of
(Azotobacter and Azosprillium) inoculants and chemical
fertilizers on growth and productivity of canola
(Brassica napus L.). Asian Journal of Plant Sciences,
6(1): 77-82.

Received: March 20, 2025

Accepted: September 12, 2025
Published Online: September 13, 2025

Analele Universitatii din Oradea, Fascicula Blologle
https://www.bioresearch.ro/revistaen.htm! [W]3 T
Print-ISSN: 1224-5119 Ty
e-ISSN: 1844-7589 Lo
CD-ISSN: 1842-6433

University of Oradea Publishing House

174



