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lycopersicum from Sodium dodecyl sulfate
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SUMMARY

Sodium dodecyl sulfate (SDS), used in various
detergents, deters the growth of many plants when
it remains in soil from cleaning. Plants are likely to
be exposed to SDS because it could be washed down
the drain and end up in the waterways. To protect
plants from environmental hazards and to promote
plant growth, it is critical to reduce the phytotoxicity
of SDS. Lactic acid bacteria (LAB), a special type of
probiotic, have been shown to protect plants from
various chemical hazards and boost plant growth.
In this study, we hypothesized that LAB could play a
role in supporting plant growth against SDS-induced
stress based on the multiple plant-proliferation
capabilities of LAB. We measured tomato growth in
Petri dishes and soil in terms of the germination rate,
weight, and length of the sprouts. In Petri dishes,
SDS significantly reduced the germination rate and
growth of tomato sprouts at concentrations of 0.8
mM. Tomato seeds grown in 0.8 mM SDS solution
resulted in a 46% and 48% reduction in sprout length
and weight, respectively, compared to the non-
treated group. Incubation with 5 million CFUs/mL LAB
and 0.8 mM SDS reduced the length and weight of
the tomato sprouts by just 6% and 20%, respectively,
compared to the non-treated group. In soil culture,
the addition of 10 million CFUs/mL LAB to 5 mM
SDS solution increased the germination rate and
plant growth compared to the SDS-only group. This
finding suggests that LAB can help plants sustain in
environments contaminated by detergents containing
SDS.

INTRODUCTION

SDS is included in various detergents at home and in the
industry. It is consistently used in domestic and industrial
cleaning (1). Residual SDS from wastewater treatment may
cause harm to plants and soil (2). Several researchers have
revealed that SDS inhibits plant germination and growth (2-
8). They also found that the total protein contents and the
antioxidant enzyme activities measured in both wheat and
barley significantly declined after exposure to SDS (3, 4).
Additionally, SDS has been found to cause oxidative stress
in tomatoes, resulting in reduced anti-oxidative enzyme
activities (5). Tomatoes are a useful food resource (6, 7).
Therefore, the adverse effects of SDS on tomato growth are
worth further investigation. Experimentally, tomato plants can
be easily grown in both aquaculture and soil culture. Given
the nutritious value, affordability, and availability of tomatoes,

we chose tomatoes as the focus plant for the present study.
Lactic acid bacteria (LAB), one probiotic strain, are known to
reduce oxidative stress, boost nutrient metabolism, increase
the germination rate, and protect against multiple diseases
in many plants (8-10). Probiotic strains, such as LAB, all
Lactobacillus species, all Bifidobacterium species, and
Saccharomyces boulardii, are live microorganisms that can
be naturally found in decomposing plants, fermented food,
animals, the human body, and many other organisms (10-
12). LAB is the most commonly used probiotic and is well-
studied (8-12). Multiple studies have revealed the beneficial
effects of LAB on plant growth. In one study, LAB promoted
plant growth by improving nitrogen fixation and the uptake of
important nutrients such as phosphorus and potassium (10).
Some LAB strains are able to secrete phytohormones, such
as gibberellins and auxins, which play integral roles in plant
growth (11). Another study found that LAB detoxified heavy
metals, pesticides, and mycotoxins and helped plants tolerate
numerous biotic, such as microbial diseases, and abiotic
stresses, such as contamination of chemical compounds (7,
13). Several experiments indicated that LAB reduced diseases
of bacterial wilt by 61% in tomatoes (6-8). These findings
suggest the potential for LAB to lessen the destructive stress
of detergent in the agricultural industry, which in turn can help
protect plant growth from abiotic challenges and improve plant
yield. However, despite a systematic literature search, we
found no study on the direct effects of LAB on SDS-induced
harm on plants. To fill this research gap, we investigated
whether LAB could offset the inhibition of plant growth caused
by a surfactant SDS.

In this study, we hypothesized that LAB would protect
tomato plant (Solanum lycopersicum) growth from SDS stress.
In order to test the effect of LAB on plant growth, we examined
the length, weight, and germination rates of tomato sprouts
treated with both SDS and LAB compared to those treated
with SDS-only grown in both Petri dishes and pots with soil.
We observed that tomato growth in cultures with both SDS
and LAB exceeded growth in cultures with SDS alone. This
observation suggests that LAB may ameliorate SDS-stunted
growth and can protect plants from environments contaminated
by SDS-including detergents, confirming our hypothesis. Our
study provided novel insight into the protective effect of LAB
on the phytotoxicity of surfactant to plants.

RESULTS
Determination of LAB effect on tomato growth

First, we tested the effect of LAB alone on the length and
weight of tomato sprouts in Petri dish culture to see if LAB
alone increased tomato growth. We grew tomato sprouts for
14 days in Petri dishes under six conditions: CTL (the non-
treated group), LB 1.25 (LAB 1.25 million CFUs/mL), LB
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Figure 1: Effect of LAB on tomato growth in Petri dish culture
(n=3). A: Tomato sprouts in Petri dishes: CTL: Control (non-treated),
LB 1.25 (LAB 1.25 million CFUs/mL), LB 2.5 (LAB 2.5 million CFUs/
mL), LB 5 (LAB 5 million CFUs/mL), LB 10 (LAB 10 million CFUs/
mL), LB 20 (LAB 20 million CFUs/mL). B, C: Average length (B) and
weight (C) of sprouts grown for two weeks in Petri dishes. Tomato
seeds were grown under either control (non-treated) conditions or in
an LAB solution of various concentrations for two weeks. Error bars
represent standard deviation. *p<0.05,***p<0.001 compared to the
control (non-treated), one-way ANOVA.

2.5 (LAB 2.5 million CFUs/mL), LB 5 (LAB 5 million CFUs/
mL), LB 10 (LAB 10 million CFUs/mL), and LB 20 (LAB 20
million CFUs/mL) (Figure 1). 1.25, 2.5, 5, 10, and 20 million
CFUs/mL LAB solution significantly increased the length and
weight of tomato sprouts compared to the non-treated group.
Sprouts grown in the 1.25, 2.5, 5, and 10 million CFUs/mL LAB
solutions had average height increases of 53%, 35%, 38%,
and 26%, respectively, compared to the non-treated group.
Additionally, the weight of sprouts grown in the 1.25, 2.5, 5,
and 10 million CFUs/mL LAB solutions for 14 days increased
by 59%, 37%, 34%, and 29%, respectively, compared to the
non-treated group. 1.25, 2.5, and 5 million CFUs/mL LAB
displayed significantly increasing effects on the length and
weight of the tomato plants, while the 10 and 20 million CFUs/
mL LAB-treated plants did not have elevated growth (Figure
1).

Determination of SDS effect on germination and tomato
growth

To investigate the effects of various SDS concentrations
on seed germination and sprout growth, we applied eight SDS
concentrations (0.025, 0.05, 0.1, 0.2, 0.4, 0.8, 1.6, and 3.2
mM) to Petri dishes. SDS significantly reduced the growth of
tomato sprouts in a dose-dependent manner 14 days after
placing the seeds (Figure 2). Ninety percent of the tomato
seeds germinated in the non-treated group, and 92%, 86%,
77%, and 73% of tomato seeds germinated when treated
with 0.025, 0.05, 0.1, and 0.2 mM SDS solution, respectively.
These lower concentrations of SDS (0.025, 0.05, 0.1, and 0.2
mM) had no significant (p>0.05) effect on the germination rate.
In comparison, 0.4 and 0.8 mM SDS significantly (p<0.001)
decreased the germination rate by 25% and 78%, respectively,
compared to the non-treated group. Additionally, when treated
with 1.6 or 3.2 mM SDS, none of the tomato seeds germinated
(Figure 2 and Table 1).

In order to assess the effect of SDS on the growth of tomato
seeds, we measured the length and weight of the sprouts
grown with various concentrations of SDS in Petri dishes. Both
the length and weight of sprouts treated with 0.8 mM SDS
were significantly lower than those of the non-treated sprouts
(p<0.001). The length and weight of the sprouts significantly
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decreased as SDS concentration increased. The seeds grown
in the Petri dish with 0.8 mM SDS solution resulted in 46%
and 48% reductions in the length and weight of sprouts,
respectively, compared to the non-treated group (p<0.001)
(Table 1).

Determination of LAB effect on tomato growth with SDS

Most importantly, we investigated if LAB helps tomato
growth from SDS-induced toxicity with co-application of SDS
and LAB. First, 0.8 mM SDS significantly diminished the length
(84%) and weight (76%) of tomato sprouts compared to the
non-treated group (p<0.001) (Figure 3B and 3C). However,
the addition of 2.5 and 5 million CFUs/mL LAB solution
reversed the SDS-induced stunted growth. Incubation of the
tomato sprouts with 2.5 million CFUs/mL LAB+SDS 0.8 mM
solution and 5 million CFUs/mL LAB+SDS 0.8 mM solution
for two weeks increased the length of tomato sprouts by
factors of 5.6 and 5.7, respectively, and the weight of sprouts
by factors of 2.8 and 3.1, respectively, compared to the SDS-
only group (Figures 3B and 3C). The growth improvements
of tomato sprouts enabled by 2.5 and 5 million CFUs/mL of
LAB solutions were statistically significant (p<0.001, one-way
ANOVA test) (Figure 3).

Soil culture

Because the Petri dish culture excluded various factors
residing in the soil, such as nitrogen, phosphorus, minerals,
and soil bacteria, we further tested the effect of SDS and LAB
on tomato growth in soil, which is ideal for tomato growth
(16, 17). Different concentrations of SDS in the presence of
soil may also modify the effects of SDS on tomato growth.
Therefore, we performed a preliminary test with three SDS

Figure 2: Effect of different concentrations of SDS on tomato
seed germination and sprout growth (n=3). Tomato sprouts grown
in Petri dishes for two weeks. Upper left: Control (ultrapure water),
Upper middle: Sodium dodecyl sulfate (SDS) 0.025 mM, Upper right:
0.05 mM, Middle left: 0.1 mM, Middle middle: 0.2 mM, Middle right:
0.4 mM, Lower left: 0.8 mM, Lower middle: 1.6 mM, Lower right:
3.2 mM. The effects of 0.4 mM and 0.8 mM SDS are significant
compared to the control (non-treated) tomato culture. Tomato seeds
grown in SDS 1.6 mM and 3.2 mM solution did not show germination.
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SDS Germination Length Weight
(mM) rate (%) (cm) (mg)
0 90.0+8.8 9.006+1.637 41.9£10.35
0.025 92.2+6.9 8.347+1.504 41.8+7.54
0.05 85.6+6.9 8.353+2.008 42.8+11.56
0.1 76.7+8.8 7.550+2.480 37.0+£11.94
0.2 73.3+6.7 7.068+1.735 37.9+£7.74
04 67.8+£5.1" 7.506£1.125 37.5+£7.52
0.8 20.0+£3.3™ 4.880+3.361"™  21.8+£16.96™
1.6 0 0 0
32 0 0 0

Table 1: Effect of different concentrations of SDS on tomato
seed germination, sprout length, and weight (n=3). The table
shows the means + standard deviation of the length and weight of
sprouts grown in Petri dishes for two weeks. p<0.001 and p<0.01
between control (0 mM SDS) and various concentrations of SDS are
shown as *** and **, respectively. Tomato seeds grown in SDS 1.6
mM and 3.2 mM solution did not germinate. The one-way ANOVA
test was used to analyze significance.

doses (1, 2, and 5 mM) to determine which concentration of
SDS significantly decreased the germination of tomato seeds
and their early growth in soil. Germination rates of 1, 2, and
5 mM of SDS application decrease the germination by 9%,
12%, and 42%, respectively, 14 days after planting the seeds
(Figure 4). Based on the results, we selected 5 mM SDS for
the soil culture. Then, we compared the tomato plant growth
14 days after planting the seeds in the soil under four different
conditions: CTL (non-treated), LB (treated with 10 million
CFU/mL LAB), SDS (treated with 5 mM SDS), and SDS+LB
(treated with a combination of 10 million CFU/mL LAB and 5
mM SDS) (Figure 5). SDS delayed the germination rate by
41% compared to the non-treated group 14 days after planting
seeds. The addition of 10 million CFU/mL LAB to the SDS-
contaminated restored the germination rate to 76% from 27%,
the germination rate of seeds grown in the SDS-only solution
14 days after planting seeds. The seeds grown in the LAB-
only solution did not show a significant difference (p>0.05) in
germination rate from those in the non-treated group (Figure
5). However, seeds treated with both LAB and SDS germinated
significantly (p<0.001) faster and grew more than those in
the SDS-only group (Figures 5-6). Seventeen days after the
seeds were planted, the length of sprouts grown with 5 mM
SDS solution was 52% shorter than that of the non-treated
group, while the length of sprouts grown with 5 mM SDS+10
million CFUs/mL LAB solution was 15% shorter than that of
the non-treated group (Figure 6A and 6C). Most interestingly,
the sprouts grown with 5 mM SDS+10 million CFUs/mL LAB
solution increased in their length by 77% compared to the
ones grown with 5 mM SDS-only solution. After 23 days, the
length of sprouts grown with 5 mM SDS solution decreased
by 36% compared to the non-treated group, while the length
of sprouts grown with 5 mM SDS+10 million CFUs/mL LAB
solution decreased by 8% compared to the non-treated group.
This means SDS+LAB treatment increased the lengths of
the plants by 44% when measured 23 days after planting the
seeds compared to the plants grown with 5 mM SDS-only
solution (Figure 6B, 6C). Tomato plants grown with SDS+LAB
solution significantly increased their growth compared to those
grown with SDS-only solution (p<0.01) 17 and 23 days after
planting the seeds (Figure 6).

https://doi.org/10.59720/23-192

In the natural environment, the pH of the soil is a
biogeochemical marker controlled by minerals and acids (14).
Investigating the effect of SDS and LAB on soil pH can be
critical to finding optimal conditions for natural tomato growth.
Therefore, we measured soil pH in each group with a soil pH
detector. The pH was measured 15, 24, and 35 days after
planting seeds in each pot. The pH in the SDS-only group was
6.22, 6.33, and 5.87 after 15, 24, and 35 days, respectively
(Figure 7). The SDS-only group was significantly (p<0.001)
more acidic than the non-treated group (6.35). The pH in LAB-
applied soil (6.20) 15, 24, and 35 days after planting seeds
was also lower than the one in the non-treated group (6.35),
but the difference was not significant (p>0.05). The SDS+LAB
group was significantly (p<0.05) more basic compared to the
SDS-only group 35 days after planting seeds but not 24 days
after planting seeds (p>0.05). Thirty-five days after seeding,
the SDS+LAB solution significantly increased the soil pH of
the pots compared to the pots watered with only 5 mM SDS
solution, from 5.87 to 6.12 (p<0.05) (Figure 7).

DISCUSSION

To test whether LAB could rescue tomato plants from
the stunted growth effects of SDS, we examined the length
and weight of tomato sprouts and their germination rates
when both SDS and LAB were present compared to SDS
only in both Petri dishes and pots with soil. In the Petri dish
culture, LAB (less than 20 million CFUs/mL) significantly
(p<0.001) increased tomato growth compared to the non-
treated group. However, the highest concentration of LAB
(20 million CFUs/mL) led to the lowest tomato growth among
various concentrations (1.25, 2.5, 5, 10, and 20 million CFUs/
mL) of LAB compared to the non-treated group. This implies
that the ability of LAB to improve tomato growth was sensitive
to the concentration of LAB in the culture (15). Next, SDS
significantly diminished the germination rate and growth of
tomato sprouts in a dose-dependent manner. SDS caused
phytotoxicity in the Petri dish culture. However, LAB promoted
tomato growth despite the presence of SDS. SDS (0.8 mM)
significantly (p<0.001) inhibited tomato germination compared
to the non-treated group, but adding LAB to the SDS solution
led to a significant (p<0.001) increase in germination rate
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Figure 3: Effect of LAB on SDS-treated tomatoes grown in Petri
dish culture (n=3). A: Tomato sprouts in Petri dishes: CTL (control,
i.e., the non-treated group, ultrapure water only), SDS (0.8 mM SDS),
S+LB 5 (0.8 mM SDS plus 5 million CFUs/ Lactic acid bacteria),
S+LB 2.5 (0.8 mM SDS plus LB 2.5 million CFUs/mL). B, C: Means of
the length (B) and weight (C) of sprouts grown in Petri dishes for two
weeks. Tomato seeds were grown under either control conditions or
in 0.8 mM SDS with various concentrations of LAB solution. Error
bars represent standard deviation. ***p<0.001 compared to SDS 0.8,
###p<0.001 compared to CTL, one-way ANOVA.
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Figure 4: Effect of SDS on tomato germination in soil culture
(n=3). Tomato seeds (n=28) were grown under four conditions for
21 days after being planted in each soiled pot using ultrapure water
and SDS solution (in ultrapure water) of different concentrations.
The graph shows the means of germination rate in %. Error bars
represent standard deviation. *p<0.05, **p<0.01, and ***p<0.001
between SO and S1, SO and S2, and SO and S5, respectively, one-
way ANOVA.

of tomato seeds compared to the one grown with the SDS
solution alone.

In soil culture, 5 mM SDS consistently lowered the
germination rate, but the addition of LAB to the SDS solution
significantly boosted seed germination and plant growth
when compared to the SDS-only solution. The pH in soil
was significantly lower in the SDS-only group, while the
pH in LAB+SDS was comparable to the non-treated group.
LAB primarily plays a role in producing lactic acid from
carbohydrates, which can reduce pH and release short
peptides and free amino acids (18). Consistently, the LAB-only
group tended to decrease the pH compared to the non-treated
group. However, the significant pH increase in the LAB+SDS
group compared to the SDS-only group 35 days after planting
seeds suggests that LAB could help the tomato plant sustain

A B

Number of sprouts
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despite SDS-induced acidity during persistent exposure to the
chemical (19, 20). The detailed mechanisms are unknown and
should be investigated in future studies.

LAB could play a role in detoxifying SDS in the growing
solution or reverse the reduction in antioxidant enzyme activity
caused by SDS. As recent research shows, SDS attenuated
the activity of antioxidant enzymes superoxide dismutase,
catalase, ascorbate peroxidase, and glutathione reductase,
resulting in excessive H,O, contents in wheat and barley
(3, 4). In particular, SDS caused protein denaturation, DNA
damage, and lipid peroxidation in barley seedlings (4). LAB
can either release or activate anti-oxidative enzymes such as
catalases and NADH peroxidase, superoxide dismutase, and
thioredoxin reductase. Thus, LAB potentially protects the host
organism from the toxic effects of reactive oxygen species
(12, 18). Therefore, LAB may ameliorate the oxidative state of
plants when exposed to harmful chemicals such as SDS (21).
Another mechanism of LAB’s growth-promoting effect on
tomato plants in the presence of SDS could be that probiotics
help plants increase nutrient uptake by breaking down
the nutrients, thereby improving growth and health (22).
Bacillus in probiotics can affect micronutrient availability
by solubilization, chelation, and oxidation-reduction (23,
24). Furthermore, LAB provides stress tolerance against
environmental harm, such as chemical contamination, through
anti-oxidative mechanisms (25, 26). The possible implication
of the protective effect of LAB against the SDS stress in this
study is that LAB could help plants balance SDS-induced
nutrient decomposition by producing amines and fatty acids
(27). This is supported by another study, which found that
high concentrations of SDS (720 mg/L, 2.5 mM) decreased
protein content in wheat seedlings, whereas sugar and proline
content increased (3). This suggests that LAB, when in SDS
culture, can potentially balance the alteration of nutrient

=#=CTL R
o
25 - =55 S
20 1 LB

15
10

===5DS+LB

16

10
Days after planting

12 14

Figure 5: Effect of LAB and SDS on tomato germination in soil culture (n=3). A: Tomato sprouts 13 days after planting the seeds. From
the left column to the right, SDS+LB: SDS 5 mM and LAB 10 million CFUs/mL LAB, LactoBacillus: 10 million CFUs/mL LAB only, SDS: SDS
5 mM only, CTL: Control (ultrapure water). B: Average number of sprouts germinated in 5 individual pots for 6, 8, 10, 12, 14, and 16 days after
planting 28 seeds. Tomato seeds were grown under either control conditions or in various dilutions of LAB solution for two weeks. #p<0.05
and ##p<0.01 between SDS and LB+SDS. *p<0.5 and ***p<0.001 between CTL and SDS, one-way ANOVA.
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Figure 6: Effect of LAB and SDS on tomato growth in soil culture (n=3). A: Tomato sprouts in soil culture 17 days after planting the
seeds. CTL: Control (ultrapure water), SDS: 5 mM SDS, LactoBacillus: 10 million CFUs/mL LAB only, SDS+LB: 5 mM SDS and 10 million
CFUs/mL LAB only. B: Tomato sprouts in soil culture 23 days after the seeds were planted. C: Average length of the sprouts grown in pots
after 17 and 23 days. Tomato seeds were grown under control conditions, SDS solution in the presence or absence of LAB solution, or only
LAB solution for five weeks. Error bars represent standard deviation. ###p<0.001 compared to CTL. **p<0.01 and ***p<0.001 compared to

SDS, one-way ANOVA.

composition by exerting protective mechanisms against the
SDS challenge. Specifically, a prolidase (PepQ) found in both
Lactococci and Lactobacilli is essential to the release of free
proline (27). Accordingly, LAB provides the required enzyme
to release proline, which can serve as an adaptive signaling
molecule in expressing essential genes to counter SDS stress
(28). In the present study, LAB addition to SDS-treated seeds
resulted in more growth than those treated by only SDS, which
could be an outcome of the specific proteolytic activity of LAB.
Although an increasing number of detergents have replaced
SDS with Sodium Laureth Sulfate (SLES), a derivative of

6.8 7
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Figure 7: Effect of LAB and SDS on pH in soil culture (n=3).
pH measured in the soil of pots, including tomato sprouts grown
with each treatment (CTL, SDS, LB, and SDS+LB) 15, 24, and 35
days after planting the seeds. CTL: Control (non-treated, ultrapure
water only), SDS: Sprouts watered with 5 mM SDS only, LB: 10
million CFUs/mL LAB only, SDS+LB: 5 mM SDS and LAB 10 million
CFUs/mL LAB. Error bars represent standard deviation. ***p<0.001
between SDS and LB and between SDS and SDS+LB shown as
***compared to SDS, *p<0.05 and ***p<0.001 compared to CTL.
#p<0 compared to SDS. The one-way ANOVA test was used to
analyze significance.

SDS that is less harmful to skin and hair in humans, SDS still
dominates large-scale detergents at a concentration of 17.4
mM (1). Due to spillage into sewer systems from domestic or
industrial activities, surfactants may affect plant development
when plants are irrigated with wastewater. Surfactants are
also commonly present in pesticides and used as adjuvants in
seed coatings of agricultural plants, such as lettuce (Lactuca
sativa L.) and onion (Allium cepa L.) (16). Selecting protective
microorganisms for SDS treatment is a big challenge. The
current finding that LAB reduced the SDS toxicity in plant
growth points to a protective effect of LAB on plant growth.
Nonetheless, this research included several experimental
limitations. First, when LAB solution was prepared in 500 mL
of ultrapure water with one capsule of LAB (10 billion CFUs),
each concentration of LAB solution, such as 1.25, 2.5, 5, 10
million CFUs/mL, may not have included the precise number of
bacteria. This is because the LAB was not completely soluble
in the water, and the insoluble portion easily precipitated in
the bottom of the container. We could count the exact number
of LAB through a microscope in each diluted solution in the
Petri dishes. Second, whether all of the 12 strains of LAB that
we used in the experiment were beneficial for tomato growth
under SDS treatment is not clear. Future studies should test
individual strains or other plant-based probiotics on the tomato
seeds. Additionally, we could try to measure nutrient content
such as sugar, protein, and proline and examine the function of
essential anti-oxidative enzymes, including catalases, NADH
peroxidase, superoxide dismutase, and glutathione reductase
in the tomato sprouts grown in the presence of SDS and LAB.
Notwithstanding the limitations of this study, our finding that
LAB can remediate the detrimental effects of SDS on the
growth of tomato plants and largely restore the germination rate
and plant growth rate has important implications. It suggests
that LAB may protect plants from SDS-stunted growth and can
help plants sustain in environments contaminated by SDS-
containing detergents.
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MATERIALS AND METHODS
Plant materials and LAB materials

Seeds were isolated from ripe tomatoes (Solanum
lycopersicum) and placed in sterile plastic Petri dishes. Before
placing the tomato seeds in the Petri dish, we sterilized the
seeds with ethanol, washed them with sterile distilled water
twice, and thoroughly dried them for one day at 20+5°C,
following the procedures of another study (29). All the plastic
ware was sterile. LAB was purchased at a local pharmacy
store. One capsule of LAB probiotics (TruNature) contained
10 billion CFUs of 12 different LAB strains (Lactobacillus
rhamnosus GG, Lactobacillus paracasei, Lactobacillus
acidophilus, Lactobacillus casei, Lactobacillus plantarum,
Lactobacillus reuteri, Lactobacillus salivarius, Bifidobacterium
lactis, Bifidobacterium infantis, Bifidobacterium bifidum,
Bifidobacterium breve, Bifidobacterium longum).

Determination of LAB effect on tomato growth

We prepared the LAB solution in 500 mL of ultrapure water
with one capsule of LAB probiotics (10 billion CFUs). We
diluted the LAB solution to 1/2 (10 million CFUs/mL LAB), 1/4
(5 million CFUs/mL LAB), 1/8 (2.5 million CFUs/mL LAB), and
1/16 (1.25 million CFUs/mL LAB) of the original concentration
using ultrapure water. We cultivated each group of 30 seeds
in 30 mL of their respective solution in each Petri dish. We
measured the length and weight of the 10 tallest sprouts from
each Petri dish 14 days after placing the seeds. The length
(in cm) from the tip of the sprouts to the end of the seeds
was manually measured with a ruler, and the weight (in mg)
was examined with a digital analytical scale of 0.001 g (UCLA
Scientific).

Seed germination assay

Sodium dodecyl sulfate (SDS) (C12H25S0O4Na, BioUltra
>99.0% (GC), molecular weight: 288.38 g/mol) was purchased
as the 10% SDS solution from UFC Bio. We carried out the
seed germination assays according to the USEPA guidelines
(30). The seed germination assays were as follows: We made
SDS solutions with concentrations of 0, 0.025, 0.05, 0.1, 0.2,
0.4, 0.8, 1.6, and 3.2 mM for seed germination assay from
10% SDS solution. We cultivated each group of 30 seeds
in 30 mL of their respective solution in each Petri dish at a
concentration specified above or ultrapure water (the non-
treated group). The sealed Petri dishes were placed in a dark
incubator at 25+5°C with a humidity of 30-40%. When more
than 90% of the seeds in the non-treated group had germinated
and developed sprouts that were at least 20 mm long, the
germination test was ended, the number of germinated seeds
were counted, and the lengths (cm) and weights (mg) of the
sprouts in each Petri dish were measured.

Determination of LAB effect on tomato growth with SDS

We tested 30 tomato seeds in 30 mL of their respective
solution in each Petri dish under four conditions for 14 days;
CTL (the non-treated group, ultrapure water), SDS (0.8 mM
SDS in ultrapure water), SDS+LB5 (5 million CFUs/mL LAB
and 0.8 mM SDS in ultrapure water), and SDS+LB2.5 (2.5
million CFUs/mL LAB and 0.8 mM SDS in ultrapure water).
The lengths (cm) and weights (mg) of the sprouts in each Petri
dish were measured at the end of the cultivation.
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Soil Culture

For the experiment of cultivation in 500 grams of soll,
we planted seeds from tomatoes in 20 plastic pots with a
diameter of 10 cm, with five pots per experimental condition.
Twenty-eight seeds were planted in each pot with a soil mix
for potted vegetables (Miracle Grow Potting Mix). The plants
were grown outside under the influence of solar lighting but
without considerable natural watering, such as rain. Outside
conditions were as follows: temperature 18-26°C, humidity
30-40%, 14 h under sunlight during the day, and 10 h in the
dark at night. The conditions differed in the solution used for
watering: ultrapure water for the non-treated group, 5 mM SDS
for the SDS group, 10 million CFUs/mL LAB for the LAB group,
and 10 million CFUs/mL LAB plus 5 mM SDS for SDS+LAB
group. We watered the plants once per day with 60 mL of the
appropriate solution (explained above) per pot for each group.
Every two days, from the 6th to the 16th day, we counted the
number of germinated. We measured the length (cm) from the
tip of the tallest leaf to the end of the root of the five tallest
sprouts from each pot 17 and 23 days after planting the seeds.
The measurement was manually performed with a ruler. We
examined the pH in each soil pot on the 15th, 24th, and 35th
day using a soil pH meter (PCE-PH 18).

Statistical analysis

We performed both the Petri dish culture and soil culture
experiments three times under the same conditions for
accuracy and reliability. The data represent the average of
each measurement (n=3). The one-way ANOVA (Analysis
of Variance) was used to analyze the significance of the
differences between multiple groups. Post Hoc Tukey HSD
(Honestly Significant Difference) test followed to facilitate
pairwise comparison within our ANOVA data. Statistical
significance was determined at the level of p<0.05. The
statistical analysis was conducted in Socscistatistics.com.
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