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Abstract

The current study aimed to determine the role of two commercial biostimulants, Algabon® (seaweed extract-
derived) and Bonamid® (containing amino acid (85%0)), on improving heat stress during the germination stage
and seedling growth of 4 different crops, canola, green bean, barley and lettuce, using a factorial design within a
completely randomized design. For this purpose, seeds were pretreated for 2 hours in an aqueous solution of 0.5
g/l Algabon® and 2 g/l Bonamid®. Then, the seeds were incubated in the dark for 72 hours at 28°C (control) and
35°C (heat stress). The results showed that heat stress (temperature of 35°C) significantly reduced all
germination and growth indices, the activity of a-amylase and protease enzymes and radical scavenging activity
(RSA), while increasing the amount of soluble carbohydrates and H202 content in the seedlings of barley and
lettuce. In contrast to the results for barley and lettuce seedlings, heat stress caused an increase in all
germination and growth indices, the activity of a-amylase and protease enzymes and RSA, however reduced
H20: content in the seedlings of canola and green beans. In all the four species examined, under both control and
stress conditions, the germination and growth indices, the activity of a-amylase and protease enzymes and RSA,
and the amount of soluble carbohydrates were increased by the Algabon®. The reduction of H202 production
under heat stress was observed in the seedlings of canola, green bean, barley and lettuce pre-treated with
Algabon® and Bonamid®. In this study, we observed a composition-dependent effect of biostimulants in
diminishing the effects of heat stress, so that Algabon® was more effective than Bonamid®. According to the
results of the absolute decrease index, the lowest inhibition index and the highest relative heat tolerance index
were observed in canola seeds pre-treated with Algabon®, which were identified as the most heat-resistant
seedlings. In general, it seems that the pre-treatment of seeds with Algabon® by producing some compatible
osmolyte compounds and stimulating the activity of enzymes involved in germination increases the germination
performance and makes the seeds of canola, green bean, barley, and lettuce resistant to heat stress.
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Introduction

Biostimulants are organic substances or microorganisms
that enhance nutrient use efficiency, tolerance to abiotic
stress, quality traits, and availability of confined
nutrients in the soil or rhizosphere. These substances
include seaweed extracts, hydrolyzed proteins, humic
and fulvic acids, and all natural origin compounds that
play a role beyond nutrition, leading to increased

growth and reduced stress (Bulgari et al., 2019).
Seaweed extracts are rich in phytohormones, minerals,
and polysaccharides that promote plant growth (du
Jardin, 2015). Protein hydrolysates are a mixture of
oligopeptides, polypeptides, and amino acids formed by
the hydrolysis of plant proteins (Colla et al., 2017) that
promote plant growth (Amirkhani et al., 2016), improve
yield and quality (Colla et al., 2017). Numerous
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investigations suggest that seaweed extracts improve
germination (Hernandez-Herrera et al., 2014, 2016) and
enhance crop resistance to abiotic stress, such as heat
(Zhang and Ervin, 2008; Carmo et al., 2021).

The germination stage is one of the important phases
in the growth cycle of a plant, determining its final
growth and performance, however, this stage is the most
vulnerable to various stress factors (Gupta et al., 2022).
Biostimulants pre-treatment result in faster germination
and greening, which have practical and experimental
agronomic consequences, especially under unfavorable
conditions (Yildirim et al., 2000). Temperature changes
significantly affect seed germination by inhibiting the
emergence of the radicle and post-germination growth
in seedlings (Probert, 2000). The seed priming approach
is an alternative tool for preparing plants to cope with
stress conditions (Filippou et al., 2013). For this reason,
the use of biostimulants to overcome heat stress has
become an important method for maintaining final
product yield (Bulgari et al., 2019; Campobenedetto et
al., 2020). Recent studies have demonstrated the
positive effects of biostimulants on increasing
antioxidant enzyme activity, improving growth, yield,
and health in various agricultural plants. For example,
Campobenedetto et al. (2020) investigated the effect of
KIEM as a biostimulant on cucumber seed germination
at two standard temperatures (28°C) and a stress
temperature (35°C) for 48 hours. Their results showed
that heat stress creates oxidative stress conditions in
seeds, leading to excessive ROS production. On the
other hand, treated seeds exhibited a significant
reduction in H,O. levels, decreased oxidative stress
effects, increased heat stress tolerance, and ultimately
were able to enhance germination percentage and
restore oxidative balance. Additionally, Masondo et al.
(2018) examined the potential role of seed priming with
Kelpak® (commercial seaweed extract) under abiotic
stress during seed germination and seedling growth of
Ceratotheca triloba. Low temperature (10°C)
completely inhibited seed germination; however,
changing the temperature to 15°C improved
germination. Primed seeds were germinated at low
temperatures, low osmotic potential, and high NaCl
concentrations.  However, the effectiveness of
biostimulants can vary among different crop genotypes
and environmental conditions (Malik et al., 2021).
Therefore, it is necessary to determine the efficacy of
different biostimulant products on specific crops before
applying them on a large scale (Jimenez-Arias et al.,
2022). The agronomic potential of different
biostimulants has not been widely investigated for crops
in our country. In our study, we selected four seeds from
the west of Iran to test our hypotheses. Studies have
indicated a correlation between seed reserve
composition and germination rates (Zhao et al., 2018);
therefore, seeds with the most prevalent storage reserve
of starch (barley), protein (green bean), or lipid (canola
and lettuce) were chosen in our study. The objective of
this study was to investigate the effectiveness of two

biostimulants, Algabon® (seaweed extract-derived) and
Bonamid® (containing amino acid (85%)), on
germination indices, growth, and metabolism of 4 crop
types, canola, canola, green bean, lettuce and barley,
and to investigate the effectiveness of these
biostimulants in response to the heat tolerance of four
crops.

Materials and methods

The experiment was conducted in a factorial design
within a completely randomized design with three
replications. The experiment was made up of three
factors: a) crop types (canola, green beans, lettuce, and
barley); b) biostimulant types (water, Algabon®, and
Bonamid®); and c) temperature treatments (non-stress
at 28°C and heat stress at 35°C). Green bean seeds were
obtained from the agricultural research center of
Lordegan County, while canola (Brassica napus) and
barley seeds were sourced from the agricultural research
center of Borujen County in Chaharmahal and Bakhtiari
province. Lettuce seeds were purchased from Pakan
Seed Company. Seeds were stored in cloth bags at room
temperature until the experimental procedure began.

In this study we used two biostimulants, Algabon®
and Bonamid®, available in the market (Bon Asia
Cultivation Company), each with very different
formulations. Algabon®, a biostimulant derived from
seaweed extract, contains compounds including alginic
acid (18%), NOsz (1%), K20 (16%), H2PO4 (1%), while
Bonamid®, an amino acid biostimulant, contains amino
acids (85%) and nitrogen (4%).

Sterilized seeds of each species were separately
soaked in an aqueous solution of 0.5 g/l of Algabon®
and 2 g/l of Bonamid® (the concentrations
recommended by the manufacturer) for 2 hours at 25°C.
After pre-treatment, the 50 seeds of each plant were
dried at room temperature and then placed in 9 cm Petri
dishes with two layers of filter paper moistened with
distilled water. The seeds treated with the same
procedure but using distilled water instead of
biostimulants served as the control. The Petri dishes
were then incubated separately in the dark under non-
stressed (28°C) or heat-stressed (35°C) conditions for 4
days (Campobenedetto et al., 2020) in an incubator
(Memmert). After 4 days, germination and growth
indices, germination metabolism, and resistance indices
were measured.

Germination rate: The total number of seeds that
germinated after 4 days for each petri dish was
considered the final  germination  percentage
(Abdelkader et al., 2023):

GP=N/N"'x100

Where: GP = Germination percentage, N = Number
of germinated seeds, N’ = Total number of seeds.

From each Petri dish, 7 seedlings were randomly
selected, and the indices of length, fresh weight, and dry
weight of the seedlings were measured.

Additionally, germination metabolism was assessed
by evaluating the activity of the enzyme's alpha-amylase
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and protease, as well as the content of soluble
carbohydrates during the early stages of germination
(after 4 days).

Measurement of alpha-amylase activity: The
activity of the alpha-amylase enzyme was measured
according to the method described by Roberts and
Whitehouse (1976). Initially, 0.5 g of germinated seeds
were ground and homogenized in 1.5 ml of cold
distilled water in a mortar. The intensity of the blue
color in the samples was read using a spectrophotometer
at a wavelength of 620 nm. The activity of the alpha-
amylase enzyme in the samples was calculated by
plotting a standard curve of starch and expressed as a
percentage of hydrolyzed starch.

Measurement of protease activity: The activity of
the protease enzyme was measured according to the
methods described by Salmia et al. (1978) and Haroun
and Hussein (2003). Initially, 0.3 g of germinated seeds
were ground and homogenized in 1.5 ml of 0.2 mM
phosphate buffer (pH 7) in a mortar. The proteolytic
activity of the enzyme was estimated after adding
Folin's reagent in a 1:2 ratio to the samples and reading
the absorbance at a wavelength of 660 nm. The enzyme
activity was reported as uM of tyrosine released due to
casein degradation per gram of fresh weight.

Measurement of soluble carbohydrates: The
measurement of soluble carbohydrates in 0.1 g of
germinated seeds was performed using the method of
Poorter and Villar (1997). This method is based on
spectrophotometry and the measurement of the intensity
of the color produced from the reaction of sugars with
the anthrone reagent.

Determination of antioxidant capacity: The
evaluation of DPPH radical (1,1-diphenyl-2-
picrylhydrazyl) scavenging capacity was conducted by
preparing 500 pl of ethanolic extract from germinated
seeds (0.5 g) in a test tube (Kulisic et al., 2004). The
capacity to scavenge free radicals in the samples was
calculated as follows:

Radical scavenging activity (%) = 100 x
(Absorbance of control-absorbance of sample /
absorbance of control)

Measurement of H2O2: The measurement of H,0,
was performed using the method of Alexieva et al.
(2001).

Measurement of heat resistance indices: Absolute
decrease (AD), inhibition index (I1) and relative heat
tolerance (RHT) were standard criteria used to
determine the performance of plants subjected to heat
stress, including final germination percentage under
non-stress conditions (PGcontrol) and final germination
percentage under heat stress (PGrea) (Bolton and
Simon, 2019). These measurements were calculated
using the following relationships: AD =PGcontrol—PGHeat;
1= 100x PGcontol (PGcontrol — PGrear) and RHT =
PGControI /PGHeat

Statistical analysis: The experiments were
conducted in a factorial within a completely randomized

design with three replications. The data were analyzed
using the GLM method in SAS statistical software
(version 9.4; SAS Institute Inc., Cary, NC, United
States). The LSD post hoc test was used to determine
significant  differences between treatments. The
significance level was set at o < 0.05. Besides, a
biostimulant x heat stress x trait-biplot analysis was
performed using Origin 2024 software.

Results

Effect of biostimulants on germination and seedling
growth in canola, green bean, barley and lettuce
under heat stress: The results obtained from the
analysis of variance of germination data, dry and fresh
weight, root and shoot length, hydrogen peroxide levels,
free radical scavenging activity, soluble carbohydrates,
and the activity of amylase and protease enzymes are
shown in Table 1.

According to figure 1, the highest germination
percentage was measured at 35°C (canola and green
bean) and 28°C (barley and lettuce) under pre-treatment
conditions with the biostimulant Algabon®. Among all
pre-treatments, seeds pre-treated with water showed the
lowest germination percentage. The highest fresh and
dry weight in green bean and barley was measured at
35°C and 28°C, respectively, under pre-treatment with
the biostimulant Algabon® (Figures 2, 3). The dry
weight of green bean and barley increased significantly
by 3.5 and 2.1 times compared to the control. The
biostimulant Algabon® led to an increase in other
seedling growth indices compared to water and
Bonamid® pre-treatments. For example, pre-treatment
with Algabon® in barley (at 28°C) and green bean (at
35°C) resulted in the highest root length, while in canola
(at 35°C) and lettuce (at 28°C), it resulted in the highest
length of aerial parts (Figures 4, 5).

Effect of biostimulants on ROS metabolism and
soluble sugars in canola, green bean, barley and
lettuce under heat stress: Under heat stress conditions,
the hydrogen peroxide level in lettuce seedlings pre-
treated with the two biostimulants Algabon® and
Bonamid® decreased compared to the control condition.
At 35°C, the highest hydrogen peroxide level was
observed in seeds pre-treated with water. No significant
difference was observed in hydrogen peroxide levels in
barley seedlings under different pre-treatments at both
28°C and 35°C. In contrast, in canola and green bean
plantlets, the highest hydrogen peroxide levels were
observed at 28°C, and pre-treatment of canola seeds
with Algabon® and Bonamid® led to a reduction in this
index under both stress and control conditions.
Additionally, no significant difference was observed in
hydrogen peroxide levels in green bean seedlings under
different pre-treatments at both 28°C and 35°C.
Hydrogen peroxide levels in canola (at 28°C) and
lettuce (at 35°C) seedlings both showed a significant
reduction when pre-treated with Bonamid® compared
to Algabon® (Figure 6).

Table 1. Three-way ANOVA test results showing levels of significance of stress, species, and biostimulants (Bios) on growth

and biochemical parameters.
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Parameters Stress  Species Bios Stress*Species Stress*Bios Species*Bios  Stress*Species*Bios
GP * * * * NS * *
FW * * * * NS * *
DW NS * * * NS * *
RL * * * * * * *
SL * * * * NS * *

H NS * * * * * *
RSA * NS * * NS * NS
S * * * * NS * NS

AA * * * * NS * *

PA NS * * * NS * *

Level of significance: NS represents not significant; * represents P < 0.05. GP: germination percentage, FW: fresh weight,
DW: dry weight, RL: root length, SL: shoot length, H: H202 content, RSA: radical scavenging activity, S: solution
carbohydrate content, AA: amylase activity and PA: protease activity
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Figure 1. Germination percentage under heat stress (35°C) and non-stress (28°C) conditions in canola, green bean, barley
and lettuce seeds pretreated with biostimulants. Different letters indicate significant differences based on the LSD test
(P=0.05). W: Water; A: Algabon®; and B: Bonamid®.
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Figure 2. Fresh weight under heat stress (35°C) and non-stress (28°C) conditions in canola, green bean, barley and lettuce
seeds pretreated with biostimulants. Different letters indicate significant differences based on the LSD test (P>0.05). W:
Water; A: Algabon®; and B: Bonamid®.
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Figure 3. Dry weight under heat stress (35°C) and non-stress (28°C) conditions in canola, green bean, barley and lettuce seeds
pretreated with biostimulants. Different letters indicate significant differences based on the LSD test (P>0.05). W: Water; A:

Algabon®; and B: Bonamid®.
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Figure 4. Root length under heat stress (35°C) and non-stress (28°C) conditions in canola, green bean, barley and lettuce
seeds pretreated with biostimulants. Different letters indicate significant differences based on the LSD test (P>0.05). W:

Water; A: Algabon®; and B: Bonamid®.

According to the results shown in figure 7, pre-
treatment with biostimulants significantly increased free
radical scavenging activity in seedlings of canola, green
bean, barley and lettuce under control and stress
conditions. In all four species at both 28°C and 35°C,
the highest free radical scavenging activity was
observed in seeds pre-treated with Bonamid®.

In this study, seeds of canola and green beans that
had been pre-treated with the biostimulants Algabon®
and Bonamid® did not show a significant impact on the
amount of soluble sugar in the seedlings (Figure 8),

whereas pre-treatment of barley and lettuce seeds with
Algabon® and Bonamid® led to an increase in this
index in both stress and non-stress conditions. In these
seedlings, the greatest amount of soluble sugar was
found in seeds that had been pre-treated with Algabon®.

Effect of biostimulants on reserve metabolism
(amylase and protease activities) in canola, green
bean, barley and lettuce under heat stress: Since the
increase in germination percentage of seeds may be due
to the increased activity of certain enzymes involved in
germination, the activity of some germination-related
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Figure 5. Shoot length under heat stress (35°C) and non-stress (28°C) conditions in canola, green bean, barley and lettuce
seeds pretreated with biostimulants. Different letters indicate significant differences based on the LSD test (P>0.05). W:

Water; A: Algabon®; and B: Bonamid®.
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Figure 6. H202 content under heat stress (35°C) and non-stress (28°C) conditions in canola, green bean, barley and lettuce
seeds pretreated with biostimulants. Different letters indicate significant differences based on the LSD test (P>0.05). W:

Water; A: Algabon®; and B: Bonamid®.

enzymes was measured in this study. The activity of
amylase and protease enzymes in canola and green bean
seedlings showed that both biostimulant pre-treatments
significantly increased the activity of these enzymes at
both 28°C and 35°C. The highest activity of amylase
and protease enzymes in seedlings was recorded with
Algabon® pre-treatment at 35°C, showing increases of
3.4 and 2.3 times in canola seedlings and 2.5 and 4
times in green bean seedlings compared to water pre-
treatment (Figures 9 and 10). Similar trends for both
amylase and protease enzymes were observed in barley

and lettuce plantlets, with the highest enzyme activity
recorded with Algabon® pre-treatment at 28°C,
showing increases of 1.6 and 2 times in barley seedlings
and 2.4 and 3 times in lettuce seedlings compared to
water pre-treatment.

Comparison of the effect of biostimulants on
resistance indices under heat stress in seedlings of
canola, green bean, barley and lettuce: The analysis
of variance for absolute decrease index (AD), inhibition
index (I1), and relative heat tolerance (RHT) in
seedlings of canola, green bean, barley and lettuce
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Figure 7. Radical scavenging activity under heat stress (35°C) and non-stress (28°C) conditions in canola, green bean, barley
and lettuce seeds pretreated with biostimulants. Different letters indicate significant differences based on the LSD test

(P>0.05). W: Water; A: Algabon®; and B: Bonamid®.
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Figure 8. Soluble carbohydrate content under heat stress (35°C) and non-stress (28°C) conditions in canola, green bean,
barley and lettuce seeds pretreated with biostimulants. Different letters indicate significant differences based on the LSD test

(P>0.05). W: Water; A: Algabon®; and B: Bonamid®.

showed significant effects for species types,
biostimulants and the interaction between species types
and biostimulants (Table 2). The results indicated that
the lowest values of the absolute decrease index
belonged to the canola seeds pre-treated with Algabon®
(-86), which demonstrated the highest resistance to heat
stress in their seedlings (Table 3). The highest value of
this index was observed in the barley and lettuce seeds
pre-treated with water, indicating the sensitivity of their
seedlings to heat stress. Moreover, according to the

results of the absolute decrease index, the lowest value
of the inhibition index was observed in the canola seeds
pre-treated with Algabon®. The highest value of this
index was also found in the lettuce and barley seeds pre-
treated with water (Table 3). According to the results of
the inhibition index, the canola seeds pre-treated with
Algabon® were identified as the most heat-resistant
seedlings under heat stress. The seeds of green bean
species pre-treated with two biostimulants did not show
differences in this index (Table 3). Furthermore, the
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Figure 9. Amylase activity activity under heat stress (35°C) and non-stress (28°C) conditions in canola, green bean, barley
and lettuce seeds pretreated with biostimulants. Different letters indicate significant differences based on LSD test (P>0.05).
W: Water; A: Algabon®; and B: Bonamid®.
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Figure 10. Protease activity under heat stress (35°C) and non-stress (28°C) conditions in canola, green bean, barley and
lettuce seeds pretreated with biostimulants. Different letters indicate significant differences based on LSD test (P>0.05). W:
Water; A: Algabon®; and B: Bonamid®.

Table 2. Two-way ANOVA test results showing levels of significance of species and biostimulants on resistance indices under
heat stress at 35°C.

Parameters Species Biostimulant Species* Biostimulant
AD * * *
” * * *
RHT * * *

Level of significance: * represents P < 0.05. Absolute decrease index: (AD), inhibition index: (I1), and relative heat tolerance:
(RHT).

relative heat tolerance index results indicated that the Principal component analysis: The PCA biplot
highest value of this index was found in the canola (Figure 11B) shows that the two axes jointly explained
seeds pre-treated with Algabon®. more than 89% of the variation among the variables in
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Table 3. Effect of biostimulants and species types on resistance indices under heat stress at 35°C. Different letters indicate

significant differences based on LSD test (P>0.05).

it Canola Green bean
Biostimulants RHT RHT
Treatments AD Tl AD i
Water -13+4.354 -106.7+63.59¢ 2.06+0.63¢% -15+5¢ -51.7+20.34¢b¢ 1.51+0.28
Algabon -86.7+2.99 -677.84192.71¢ 7.2+0.92 -70+5f -239.7457¢ 3.4+0.6¢
Bonamid -69.6+5f -446.5+13.3f 5.9+0.8b -50+4.3¢ -171.4+444% 2.7+0.43¢cd
Barley Lettuce
RHT RHT
AD I AD 1
Water 47.66+4.62 79.4+3.852 0.2+0.03f 4746.242 85.2+4.72 0.14+0.04f
Algabon 20+13.2¢ 32.6+19% 0.67+0.19f 25+8.6° 44.9+11% 0.55+0.11f
Bonamid 36.7+2.9P 61.6+9.82 0.23+0.07f 37+4.30 67.243.52 0.18+0.02f

Absolute decrease index: (AD), inhibition index: (Il), and relative heat tolerance: (RHT).
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Figure 11. Biplot showing grouping of canola (C), green bean (GB), barley (B), and lettuce (L) species pre-treated with seeds
with Algabon® (A), Bonamid®, and water (W) under non-stressed (A), heat-stressed (B), and heat tolerance indices (absolute
decrease index (AD), inhibition index (Il), and relative heat tolerance (RHT)) conditions. The traits are shoot length (SL),
root length (RL), fresh weight (FW), dry weight (DW), germination percentage (GP), H202 content (H202), protease activity
(PA), amylase activity (AA), soluble carbohydrate content (S), and antioxidant content (Ant).

all biostimulant pre-treatments under heat stress. The
PCA biplot represents clear segregation between cool-
season species (lettuce and barley) and warm-season
species (canola and green bean). All studied variables
were positively correlated with PC1 except shoot length
and H,0, concentration. Meanwhile, the main
contributors to the variation in PC1 under the control
condition (Figure 11A) among the measured traits were
Ant, GP, FW, DW, and SY, which were correlated
under the NS environment. Figure 11C shows the
relationships between heat tolerance indices and the
species in biostimulant pre-treatments. Seeds pre-treated

with biostimulants Algabon® [A_C] were aligned with
the vector for RHT, indicating high germination
performance under heat stress. Both cool-season species
pre-treated with water [W_B and W_L] and Bonamid®
[B_B and B_L] were moderately aligned with the
vectors for [AD and II], which were negatively
correlated with [RHT], indicating low germination
performance under drought stress.

Discussion
The effect of biostimulant pre-treatment on growth
indices and germination metabolism in seedlings of
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canola, green bean, barley and lettuce under heat
stress: Plants can be pre-treated at various growth
stages; however, for decades, there has been a focus on
seed fortification to mitigate environmental stresses on
germination and early seedling growth (Bulgari et al.,
2019). The results showed that heat stress (temperature
of 35°C) significantly reduced all germination and
growth indices in the seedlings of barley and lettuce. It
is well known that high temperatures can inhibit seed
germination, a process often triggered by the production
of abscisic acid (Toh et al., 2008; Essemine et al.,
2020). In lettuce and barley, under both control and
stress conditions, the germination rate, root length,
shoot length, and fresh and dry weights were increased
by the Algabon®. In contrast to the results for barley
and lettuce seedlings, heat stress caused an increase in
all germination and growth indices in the seedlings of
canola and green beans. In these two species, the
germination rate, root length, shoot length, and fresh
and dry weights were also increased by the Algabon®
under both control and stress conditions. Several studies
have reported the positive effects of biostimulants on
plant growth in a wide range of compounds, such as
seaweed extract, hydrolyzed protein, and humic acids
under stress (Latef et al., 2017; Lucini et al., 2015).
Anjos Neto et al. (2020) showed that priming of spinach
seeds with seaweed extract improved germination
percentage, germination speed, and seedling vigor under
conditions of heat stress (30°C) compared to nonprimed
controls. The use of seaweed extract has been reported
to enhance seed germination, improve plant growth,
increase yield (Fakhrabad and Abedi, 2019), and it
results in elevated levels of cytokinins, auxins, and
gibberellins, while abscisic acid and ethylene levels
decrease, which in turn contributes to increased
antioxidant production and enhanced stress tolerance
(Zhang et al., 2003).

Pre-treatment of seeds increases the activity of
amylase and protease enzymes, as well as the amount of
water absorbed by the seeds, ultimately leading to an
increased germination percentage and potentially
reducing the number of days until sprouting. Our results
indicated that under heat stress conditions, the activity
of amylase and protease enzymes was significantly
increased by the Algabon® compared to the control
plants of barley, lettuce, canola, and green bean. A
significant increase in protease enzyme activity under
heat stress supports the hypothesis of oxidative damage
in these conditions. The activation of protease enzymes
in plant cells is essential during the production of H,0,.
Therefore, it can be assumed that the increase in
protease activity may be at least partially related to
disruptions in redox homeostasis. They also participate
in the normal growth and development processes of
plants. The promoter regions of cysteine protease-
encoding genes in corn are enriched with regulatory
elements responsive to stress, indicating the active
involvement of these proteases in processes that
counteract abiotic stress (Li et al., 2021). Amylase is the

predominant enzyme synthesized during germination,
aiding in the mobilization of starch reserves in the
endosperm. The favorable nutritional changes that occur
during germination are mainly due to the breakdown of
complex compounds into simpler forms, the conversion
into essential components, and the degradation of
undesirable components (Hasanuzzaman et al., 2013).
Similar to the results of this study, some researchers
have shown that biostimulants increase the activity of
amylase and protease enzymes in plants under heat
stress. Reis et al. (2021) reported an increase in the
activity of o and B-amylase and protease enzymes under
heat stress in seeds of Melanoxylon brauna. The
growth-promoting effect of Algabon® pre-treatment on
the four studied species under heat stress can be simply
explained by the increase in the activity of amylase and
protease enzymes, which leads to improved water
absorption efficiency by the seeds and ultimately results
in increased germination percentage and growth.

Studies indicate that using biostimulants as a pre-
treatment under heat stress conditions reduces H»O»
production and prevents the accumulation of reactive
oxygen species, thereby mitigating the detrimental
effects of heat stress (Campobenedetto et al., 2020). The
reduction of H,O, production under heat stress was
observed in the seedlings of canola, green bean, barley
and lettuce pre-treated with Algabon® and Bonamid®.
Similarly, Anjos Neto et al. (2020) showed that priming
spinach seeds with seaweed extract resulted in lower
contents of H,O, and malondialdehyde (MDA) under
heat stress than the control. Seaweed extracts target
several pathways to increase stress tolerance and
generally help plants in scavenging ROS, membrane
stability, and osmotic protection. In the aerial part, they
regulate stomata and xylem water conductivity, while in
the root zone, they enhance water availability and
regulate auxin and ethylene levels (Sudozai et al.,
2013).

An increase in the ability to scavenge DPPH radicals
under heat stress was observed in the seedlings of
canola, green bean, barley and lettuce pre-treated with
Algabon® and Bonamid®. Goyal et al. (2023) reported
that application of SWE on Brassica juncea
significantly alleviated the impact of heat stress by
reducing the membrane injury percentage and levels of
MDA and increasing the radical scavenging activity.
Seed germination performance is associated with
antioxidant activity, according to a study conducted by
Bailly et al. (2000). According to our results, canola,
green bean, barley and lettuce seeds treated with pre-
treated Algabon® before heat stress exhibited better
physiological performance compared to untreated seeds.
Therefore, the metabolites present in Algabon® may
have enhanced the membrane and DNA repair process,
as well as nucleic acid synthesis, protein functions, ATP
generation, and the overall efficiency of the antioxidant
system (Chen and Arora, 2013, Paparella et al., 2015).

Under both conditions, pre-treatment of barley and
lettuce seeds with Algabon® biostimulant significantly
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increased the level of soluble carbohydrates in
comparison with that of controls. Numerous reports
indicate that carbohydrate content increases under
abiotic stress conditions (Roitsch, 1999; Kaur et al.,
2021; Ozturk et al., 2021). The increase in soluble
carbohydrate content in this study is in accordance with
the results of research by Masondo et al. (2018) on
seedlings of Ceratotheca triloba and by Fakhrabad and
Abedi (2019) on tomato seedlings. Higher
carbohydrates levels in biostimulant-treated plants of
various species were also observed alongside increased
total protein, phenols, ascorbic acid, and growth-
promoting hormones (Martinez Esteso et al., 2016;
Arroussi et al., 2018). Carbohydrate accumulation plays
a crucial role in stress responses due to soluble
carbohydrat acting as compatible solutes that
accumulate under stress conditions, thereby helping to
regulate osmotic pressure, decrease cellular water loss,
and maintain turgor pressure. They are also associated
with stabilizing membranes and proteins and buffering
cellular redox potential against stresses (Bohnert et al.,
1995; Reis et al., 2021).

Effect of species type and biostimulants on
resistance indices under heat stress in seedlings of
canola, green bean, barley and lettuce: The findings
revealed that the lowest absolute decrease index
belonged to biostimulant-treated canola seeds with
Algabon®, indicating the highest resistance of canola
compared to other species under heat stress. The low
value of this index at 35°C suggests that heat stress
increases germination compared to non-stressed
conditions. On the other hand, the highest values of this
index were observed in lettuce and barley seeds pre-
treated with water, indicating their sensitivity to heat
stress. According to the results of the absolute decrease
index, the lowest inhibition index and the highest
relative heat tolerance index were observed in canola
seeds pre-treated with Algabon®, which were identified
as the most heat-resistant seedlings. Biostimulants
derived from hydrolyzed proteins directly impact plant
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