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Abstract. Anastasya NA, Putra AM, Rachmawati SW, Trianti I, Setiawan A, Abadi AL, Aini LQ. 2024. Impact of plant growth-
promoting bacteria on the growth performance and resistance enzymes of tatsoi mustard in a hydroponic system. Biodiversitas 25:
3309-3317. Hydroponic system faces some problems in greenhouse cultivation including various biotic and abiotic stresses. Applying
plant growth-promoting bacteria (PGPB) in hydroponic systems can alleviate those problems by serving as nutrient providers, plant
growth promoters, and maintaining plant resilience. Therefore, the aim of this study was to evaluate PGPB strains for their potential to
enhance plant growth and induce plant defense-related enzymes and compounds in tatsoi mustard plants (Brassica narinosa L.H.
Bailey) when cultivated in a nutrient film technique (NFT) hydroponic system. The experiment was performed in a randomized block
design (RBD) consisting of seven treatments and three replications. The treatments included P1: control with AB mix only; P2:
Pseudomonas versuta UB36; P3: Pseudomonas aeruginosa UB52; P4: Pseudomonas lundensis UB53; P5: Pseudomonas migulae
UB54; P6: Enterococcus gallinarum UB55 and; P7: Lysinibacillus fusiformis UB64. Based on the results, it was concluded that
application of PGPB on tatsoi mustard promoted plant growth and production in hydroponic systems, which was shown in the treatment
of P. ludensis UB53, P. migulae UB54, and L. fusiformis UB64. In addition, inoculation of PGPB strains induced resistance enzymes
and compounds, namely phenylalanine ammonia-lyase (PAL), polyphenol oxidase (PPO) and peroxidase (PO) enzymes, and phenolic
compounds in tatsoi mustard plants. P. ludensis UB53, P. migulae UB54, Enterococcus gallinarum UBS55, and L. fusiformis UB64
showed higher activity in inducing plant resistance enzymes and compounds. Thus, these results suggested that PGPB improved tatsoi
plant resistance against biotic as well as abiotic stresses and has the potential to be developed as an effective strategy for pest and

disease management and increasing crop yield of tatsoi mustard grown in hydroponic systems.
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INTRODUCTION

Hydroponic systems have become popular in the
agricultural sector because they implement soil-less plant
cultivation that works efficiently and in a controlled manner
(Son et al. 2019). The basic principle in the hydroponic
system is to provide nutrients directly to the plant roots
through a nutrient solution dissolved in water (Vasdravanidis
et al. 2022). Hydroponic systems are widely used due to
their ability to produce high-quality food consistently, with
lower soil-borne pest incidences, higher yields, and reduced
fertilizer compared to conventional agriculture (Nemali
2022). However, despite the promising benefits, hydroponic
cultivation faces some problems that are common in
greenhouse cultivation, including various biotic and abiotic
stresses, such as pest and disease infection as well as
unfavorable environmental conditions such as like high
temperatures, and high salinity leading to plant deficiency
or toxicity, can disrupt plant growth and productivity
(Compant et al. 2019; Bruni et al. 2023).

Insect pest and plant disease incidences often cause
crop loss and reduced production quality in hydroponic
systems. Several water borne plant pathogens, such as
Fusarium, Collectotrichum, Pythium, Phytophthora, and
Rhizoctonia are found to be the main problems in hydroponic

cultivation (Renault et al. 2018). In addition, thrips and
aphids have been reported to be the main insect pests found
in crops grown in hydroponic systems (Silva et al. 2023).
Various control efforts have been made by farmers,
commonly by injecting carbon dioxide and spraying
synthetic pesticides containing metalaxil (Fussy and
Papenbrock 2022). Exposure to pesticides has been linked
to a diverse array of health issues and affects food safety.
In addition, the use of pesticides in hydroponic systems can
lead to pest and disease resistance (Goddek et al. 2019;
Chen et al. 2024).

Environmentally friendly control measures for plant
pests and diseases are required in hydroponic systems to
reduce crop loss, increase crop productivity, and protect the
environment. The control measures that can be safely
applied in a hydroponic system include the use of heat
treatment, UV radiation, and particularly biocontrol agents
(Fussy and Papenbrock 2022; Thomas et al. 2023). Biocontrol
agents such as Plant Growth-Promoting Bacteria (PGPB)
have been widely used as beneficial microbes for conventional
field agriculture. PGPB is also known to support crops in
reducing biotic and abiotic stresses through its role as a
nutrient provider, plant growth promoter, and inducing
plant resistance (Lee and Lee 2015). Some microbial
genera included in PGPB are Azospirillum, Pseudomonas,
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Bacillus, Rhizobium, Burkholderia, and Enterobacteria
(Souza et al. 2015; Yulistiana et al. 2020).

The indigenous bacteria of the Universitas Brawijaya
Education Forest (UB Forest) were examined for their
PGPB abilities in previous studies. Out of 78 strains tested,
6 exhibited significant PGPB activity. These strains were
identified as Pseudomonas versuta UB36, Pseudomonas
aeruginosa UB52, Pseudomonas lundensis UB53,
Pseudomonas migulae UB54, Enterococcus gallinarum
UB55, and Lysinibacillus fusiformis UB64. The PGPB
strains found are also known to produce indol acetic acid
(IAA), fix nitrogen, dissolve phosphate, grow well under
environmental stress conditions, such as high salinity, low
pH, drought, and high temperature, and inhibit the growth
of Xanthomonas campestris (Aini et al. 2023). Putra et al.
(2024) have also tested the inoculation of two PGPB strains
on lettuce (Lactuca sativa L.) grown in hydroponic
systems. The results showed that P. ludensis UB53 and P.
migulae UB54 were able to increase lettuce growth and
yields, suppress pest damage, and induce plant resistance
enzymes in the form of Phenylalanine ammonia-lyase
(PAL) and chlorophyll. According to Sajali and Khoiriah
(2023), tatsoi mustard is a trendy vegetable with excellent
sales prospects in Indonesia. The high demand for fresh
vegetables is increasing, especially in urban areas. The aim
of this study was to evaluate PGPB strains for their
potential to enhance plant growth and induce plant defense
related enzymes and compounds in tatsoi mustard plants
(Brassica narinosa L.H. Bailey) when cultivated in a
nutrient film technique (NFT) hydroponic system.

MATERIALS AND METHODS

Plant and PGPB strains

The tatsoi mustard cultivar Take Cai was used in this
experiment. The PGPB strains used were Pseudomonas
versuta UB36, P. aeruginosa UB52, P. lundensis UB53, P.
migulae UB54, Enterococcus gallinarum UBS55, and
Lysinibacillus fusiformis UB64. The bacterial strains were
sourced from the Plant Pathology Laboratory of the Plant
Pests and Diseases Department, Faculty of Agriculture,
Universitas Brawijaya, Indonesia. These strains were selected
based on their significant efficacy as PGPB in a previous
study (Aini et al. 2023). The bacterial strains were firstly
cultivated on nutrient agar (NA) medium and then
propagated on nutrient broth (NB) medium with shaking at
125 rpm for 3 days at 28°C.

Greenhouse NFT hydroponic experiment

In this experiment, tatsoi mustard was grown using the
NFT hydroponic system. The experimental design was
conducted in a randomized block design (RBD) consisting
of seven treatments distributed across three planting
periods, serving as replications. The treatments consisted of
the inoculation of PGPB strains into hydroponic growing
media containing AB mix (nutrient solution as a fertilizer).
The treatments were as follows: P1: control without PGPB
inoculation; P2: P. versuta UB36; P3: P. aeruginosa UB52;
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P4: P. lundensis UB53; P5: P. migulae UB54; P6: E.
gallinarum UB55; P7: L. fusiformis UB64.

Tatsoi mustard seeds were soaked in a bacterial
suspension with a density of 10° CFU mL™ for 30 minutes.
After soaking, the seeds were sown on rock wool media
and kept in a shady place for three days. After the seeds
germinated, the rock wool was moved to a place exposed to
sunlight to avoid etiolation. At 14 days, seedlings were
selected based on their size and health condition. Next,
seedlings grown in rockwool media were placed in net pot
and transferred to the gully. The gully was irrigated with
AB mix fertilizer at an electrical conductivity (EC) of
1200-1400 and mixed with PGPB strain suspension at 10’
CFU mL?1, except for the control. The growth of tatsoi
mustard plants was observed once a week. Plant length,
leaf total number, leaf area, pest and disease intensity, fresh
and dry root weight, and fresh and dry shoot weight were
observed. Biomass and leaf area were measured at 35 days
after planting (DAP).

Analysis of damage intensity by pest or disease

The intensity of damage was observed by determining
the score of damage caused by pests or diseases occurring
naturally on hydroponic tatsoi mustard plants. Damage
intensity was calculated based on the damage score value
(v) with specific categories. The damage intensity of pest
or disease was calculated using the formula of Natawigena
(1993):

_X(nxv)
= ZxN

Where:

| : damage intensity

n  :number of symptomatic plant leaves on the score
damage

v :scale value on the score damage

Z  :thehighest value of the damage score

N :number of leaves observed

The damage score categories were; 0: No infestation; 1:
damage <25% of the observed leaf area; 2: damage 26-50%
of the observed leaf area; 3: damage 51-75% of the observed
leaf area; and 4: damage >76% of the observed leaf area.

X 100%

Analysis of tatsoi mustard plant defense related
compounds
Total phenolic compounds

The total content of phenolic compounds was analyzed
on the leaves of tatsoi mustard plants at 35 DAP according
to the method of Phuyal et al. (2020). One g of fresh tatsoi
mustard leaves was homogenized in 10 mL of 80% ethanol
using a mortar and pestle, and then centrifuged for 15 min
at 40,000 rpm. To the 50 pL supernatant were added 3000
pL of sterile distilled water, 200 pL of folin Ciocalteu
reagent, and 750 pL of 7% Na,COs. The mixture was
incubated for 30 minutes and then measured at a
wavelength of 765 nm with a gallic acid standard at 1,000
rpm. The total phenolic content was expressed as gallic
acid equivalents (GAE) per gram of sample (GAE/Q).



ANASTASYA et al. — Impact of PGPB in hydroponic system

Phenylalanine ammonia-lyase (PAL)

Analysis of PAL enzyme in tatsoi mustard leaves was
conducted at 35 DAP using the method of Inayati et al.
(2020), with slight modifications. Samples of tatsoi mustard
leaves were taken as much as 0.5 g and pulverized in a
mortar and pestle. Next, 5 mL of 0.1 M borate buffer pH
8.8 was added to prepare the crude enzyme, sonicated for
10 minutes and then centrifuged at 10,000 rpm, 4°C for 10
minutes. The supernatant containing enzyme extract in a
volume of 300 mL was mixed with 300 mM sodium borate
and 30 mM solution of L-phenylalanine and then adjusted
with distilled water up to 3.5 mL. The mixture was then
incubated at 30°C for 60 minutes. Absorbance was measured
at 290 nm using spectrophotometer and PAL enzyme activity
was calculated as millimoles of cinnamic acid produced per
minute per gram of fresh weight.

Chlorophyll and carotenoid contents

Chlorophyll and carotenoid contents in tatsoi mustard
leaves were analyzed at 35 DAP according to the method
of Lichtenthaler and Buschmann (2001). One g samples of
tatsoi mustard leaves were homogenized using a mortar and
pestle, and then a solution of 90% methanol was added to
the sample of as much as 10 mL. Tatsoi mustard leaf
extract was centrifuged at 3,000 rpm for 5 minutes. The
supernatant liquid was analyzed for chlorophyll a, b, total
chlorophyll, and carotenoid content using a spectrophotometer
with wavelengths of 665.2 nm, 652.4 nm, and 470 nm. The
chlorophyll and carotenoid content were calculated using
the following formula by Lichtenthaler (1987):

Chlorophyll a=(16.82 x A665.2) - (9.28 x A652.4)

Chlorophyll b=(36.92 x A652.4) - (16.54 x A665.2)

Total Chlorophyll=Chlorophyll a + Chlorophyll b

Carotenoid (ug/mL)=(1000A470-1.91Ch-a - 95.15Ch-

b)/225

Polyphenol oxidase (PPO) and peroxidase (PO)

The analysis of PPO and PO enzyme activities of tatsoi
mustard plants was conducted using 35 DAP leaf samples.
PPO enzyme analysis was conducted according to the
method of Sundravadana et al. (2007), with minor changes.
0.5 g samples of tatsoi mustard leaves were taken and
pulverized in a mortar and pestle. The 100 pL of crude
enzyme extract from the leaf sample was mixed with 3.0
mL (0.01 M) catechol buffer solution and 0.1 mL phosphate
buffer (pH 6.5). The changes in absorbance were measured
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using a spectrophotometer at a wavelength of 495 nm, and
PPO activity was calculated as the absorbance change min-
gt leaf fresh weight. The PO enzyme activity was
determined following the method of Elsharkawy et al.
(2022a) with minor modifications. Leaf samples were crushed
using 5 mL of sodium phosphate buffer (pH 6.5) and
centrifuged at 12000 rpm at 4°C for 10 minutes. The
supernatant was then mixed with 2.9 mL of 100 mM sodium
phosphate buffer (pH 6.5) that contained 0.25% (v/v)
catechol and 100 mM H,0,. The change in absorbance per
minute interval for a total of 10 minutes was measured
using a spectrophotometer at a wavelength of 495 nm.

Data analysis

Quantitative data on plant growth and enzyme assays
subjected to ANOVA at a 5% significance level. If
significant, Duncan Multiple Range Test (DMRT) was
used with a 5% confidence level. Data was analyzed using
SPSS v25 software.

RESULTS AND DISCUSSION

Effect of PGPB inoculation on tatsoi mustard growth
performance
Plant length

The results showed that treatment with PGPB
significantly increased tatsoi mustard plant length at 14 and
28 DAP (Table 1). At 14 DAP, P. ludensis UB53 and P.
migulae UB54 inoculated plants had a higher plant length
than the control (F6,14=5.553; p=<0.05). While at 28 DAP,
P. migulae UB54 treatment had a higher plant length than
the control (F6,14=1.751; p=<0.05). The results indicated
that inoculation of PGPB in a hydroponic system supported
tatsoi mustard plant growth. These results were in accordance
with the report by Putra et al. (2024), who found that P.
migulae increased the length of hydroponic lettuce plants
by 12.23% compared to the control. PGPB from the genera
Bacillus, Pseudomonas, and Enterobacter effectively
stimulates plant growth in hydroponic systems (Lee and
Lee 2015). The interaction between PGPB and plants in
hydroponic systems has various mechanisms for increasing
plant growth. Optimizing nutrient absorption and
phytohormone production are important mechanisms
carried out by PGPB (Sankaranarayanan et al. 2021).

Table 1. Plant length of tatsoi mustard after inoculation with plant growth-promoting bacteria (PGPB)

Plant length (cm)+SD at various DAP

Treatments m 1 28 35
Control 6.3310.372 8.66+0.58 10.63+0.48% 11.15+1.00
Pseudomonas versuta UB36 6.47+0.18? 7.86+0.45 10.32+0.41° 12.16+1.89
Pseudomonas aeruginosa UB52 6.48+0.33? 8.14+0.59 10.83+0.55% 12.31+1.54
Pseudomonas lundensis UB53 7.35+0.53° 9.25+1.16 11.82+0.79°¢ 12.90+0.56
Pseudomonas migulae UB54 7.81+0.16° 8.93+0.47 12.45+0.44°¢ 13.21+1.30
Enterococcus gallinarum UB55 6.29+0.66° 9.1140.72 11.77+0.69° 13.06+2.27
Lysinibacillus fusiformis UB64 6.58+0.51° 9.11+2.01 11.57+0.86" 12.2842.14

Notes: The same letter in a column means no significant difference at the 5% DMRT test. DAP: Day After Planting
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Number of leaves

Results showed that treatment with PGPB increased the
number of tatsoi mustard leaves at 14, 21, 28, and 35 DAP
(Table 2). Tatsoi mustard plants inoculated with P. ludensis
UB 53, P. migulae UB 54, E. gallinarum UB 55, and L.
fusiformis UB 64 had more leaves at 14 DAP
(F6,14=11.553, p=<0.05) and 21 DAP (F6,14=28.336,
p=<0.05) than the control. In addition, P. migulae UB54
and L. fusiformis UB64 significantly increased the number
of leaves on 28 DAP (F6,14=84.223; p=<0.05) and 35
DAP (F6,14=36.398; p=<0.05). These results align with the
study of Bychkova et al. (2022) who reported that P. migulae
treated plants can increase vegetative mass by >30%.
Nitrogen-fixing activity possessed by beneficial microbes
can support leaf formation. Adequate nitrogen needs in
plants helps in preparing amino acids in plant growth to
increase the number of leaves (Raksun et al. 2019).

Leaf area

Results exhibited that inoculation of PGPB significantly
increased tatsoi mustard leaf area (Table 3). DMRT tests
showed a significant increase in leaf area of plants treated
with P. ludensis UB53, P. migulae UB54, E. gallinarum
UB55, and L. fusiformis UB64 compared to control
(F6,14=12.663; p=<0.05). The inoculation of PGPB in
tatsoi mustard plants is thought to increase nutrient uptake
and production of the hormone 1AA, which plays a role in
the enlargement and elongation of plant cells, hence
promoting plants to grow more optimally (Chen et al.
2022). Pseudomonas spp. can produce growth compounds

and polysaccharides and interact positively with other
bacteria when inoculated in plants (Nadeem et al. 2016).
Some strains in the genera Pseudomonas and Bacillus also
support fixing nitrogen and dissolving phosphate, which
contributes to photosynthesis and plant growth
(Stegelmeier et al. 2022).

Effect of PGPB inoculation on pest or disease intensity

Observations results on tatsoi mustard plants showed no
disease incidence, but leaf damage was seen due to
Crocidolomia pavonana (Zeller) (Lepidoptera: Pyralidae)
(Figure 1) Symptoms caused by C. pavonana were in the
form of hole which cause damage on the stems and leaves
of plants due to their eating activities. According to Sembiring
and Prasetia (2019), C. pavonana causes damage to the leaf
parts of the plant, and in severe condition, plants fail to
form crops.

Table 3. Leaf area of tatsoi mustard after inoculation with PGPB

Treatments Leaf area (cm)+SD
Control 21.30+0.53%
Pseudomonas versuta UB36 22.90+0.81 4
Pseudomonas aeruginosa UB52 22.96+0.83 2
Pseudomonas lundensis UB53 28.88+0.96 ¢
Pseudomonas migulae UB54 26.90+0.72 o
Enterococcus gallinarum UB55 25.32+0.46°
Lysinibacillus fusiformis UB64 26.60+0.15°

Note: The same letter in a column means no significant difference
at the 5% DMRT test

Table 2. Number of tatsoi mustard leaves after inoculation with PGPB

Number of leaves + SD at various DAP

Treatments 12 1 28 35
Control 6.07+0.112 9.95+0.40 2 19.47+0.32 2 33.15+0.48 2
Pseudomonas versuta UB36 6.60+0.20 ® 9.53+0.332 19.06+0.12 2 35.43+0.45®
Pseudomonas aeruginosa UB52 6.53+0.30 ® 9.67+0.18 2 19.22+0.332 33.07+0.80 ®
Pseudomonas lundensis UB53 7.97+0.56 ° 10.68+0.18° 19.14+0.34 2 33.17+0.55®
Pseudomonas migulae UB54 7.47+0.15°¢ 11.40+0.19°¢ 21.94+0.08 ¢ 37.93+0.49°
Enterococcus gallinarum UB55 6.87+0.30° 11.40+0.21 ¢ 21.53+0.10 ¢ 34.10+0.51 %
Lysinibacillus fusiformis UB64 6.77£0.37° 11.27+0.28 21.2140.19° 38.13+0.98°

Notes: The same letter in a column means no significant difference at the 5% DMRT test. DAP: Day After Planting

Figure 1. Symptoms of pest damage on tatsoi mustard leaves caused by C. pavonana: A.

of C. pavonana; C. Instar of C. pavonana.

First instar of C. pavonana; B. Second instar
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The analysis results showed that treatment of PGPB
significantly reduced the intensity of pest damage
compared to the control (Table 4). It can also be seen that
all PGPB treatments had a lower percentage of pest
damage intensity at 21 DAP (F6,14=1306.402; p=<0.05),
28 DAP (F6,14=1590.975; p=<0.05), and 35 DAP
(F6,14=132.379; p=<0.05). These results show that
inoculation of all PGPB strains can reduce pest damage
intensity. The inoculation of rhizobacteria can increase
plant resistance through its activity in inducing defense
compounds in planta. Saprophytic rhizobacteria have been
known to activate plant defense compounds and protect
against pest infection (Backer et al. 2018). According to
Ruiu (2020), several PGPB species such as Bacillus,
Pseudomonas, Serratia, and Streptomyces are known to act
as bioprotectants against invertebrate pests through various
mechanisms, including pathogenesis activity and production
of secondary metabolite compounds that function as toxins
to pests. Weber et al. (2020) stated that plant-resistance
compounds such as phenols are closely related to the
process of plant resistance to both abiotic and biotic stress.

Effect of PGPB inoculation on crop production

The application of PGPB has been widely known to
affect plant production, which in terms of tatsoi mustard
can be measured by the biomass accumulation of fresh and
dry weight of crops. The results indicated that inoculation
of P. ludensis UB53, P. migulae UB54, E. gallinarum
UB55, and L. fusiformis UB64 significantly increased the
fresh weight of tatsoi mustard leaves compared to the

Table 4. Effect of PGPB inoculation on damage intensity
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control (Table 5). In addition, PGPB increased the dry
weight of crop shoots and roots, but not root fresh weight
compared to the control.

These results indicate that PGPB inoculation had
different capacities for stimulating the biomass production
of tatsoi mustard plants. PGPB has been widely known to
associate with roots to produce phytohormones, such as
cytokinins, gibberellins, and IAA, which are helpful for
plant growth and development. Phytohormones mediated
by rhizosphere bacteria promote plant growth and root
development (de Andrade et al. 2023). According to Aini et
al. (2023), four strains of PGPB, i.e., P. aeruginosa UB52,
P. migulae UB54, E. gallinarum UB55, and L. fusiformis
UB64 could fix nitrogen, dissolved phosphate, and produced
IAA. Putra et al. (2024) reported that in NFT hydroponic
system inoculation of P. ludensis UB53 and P. migulae
UB54 can increase lettuce production by up to 45.78%.
Mei et al. (2023) also found that Pseudomonas increased
the fresh weight of oakleaf green lettuce up to 55.3% in
NFT hydroponic system.

Effect of inoculation of PGPB on compound and enzymes
related to plant growth and resistance
Total phenolic compounds, phenylalanine ammonia-lyase
(PAL), carotenoid, and chlorophyll contents

Results showed that P. lundesis UB53, P. migulae UB54,
E. gallinarum UB55, and L. fusiformis UB64 significantly
increased phenol content compared to the control (Table 6).
The strain P. migulae UB54 resulted in the highest phenol
value, compared to both control and other treatments.

Damage Intensity (%)+SD at various DAP

Treatments 51 28 35
Control 9.03+£0.30 ® 25.60+0.45 ¢ 26.38+0.26 ©
Pseudomonas versuta UB36 4.80+0.05 ¢ 7.25+0.04 ° 19.96+0.50 °
Pseudomonas aeruginosa UB52 2.41+0.02° 7.58+0.25° 18.53+0.50 2
Pseudomonas lundensis UB53 2.48+0.05° 2.84+0.022 23.96+0.25 ¢
Pseudomonas migulae UB54 4.36+0.04 ¢ 2.76+0.04 2 18.46+0.47 @
Enterococcus gallinarum UB55 1.35+0.01 2 7.40+£0.02° 22.13+0.32°¢
Lysinibacillus fusiformis UB64 4.36+0.03 ¢ 11.16+£0.72°¢ 19.70+0.65°

Notes: The same letter in a column means no significant difference at the 5% DMRT test. DAP: Day After Planting

Table 5. Effect of PGPB inoculation on crop biomass

Crop biomass+SD

Treatments Plant fresh weight Plant dry weight Root fresh weight Root dry weight
(¢)] ()] @ (@
Control 41.71+0.06 @ 3.12+0.02 ¢ 10.13+1.05 2 1.14+0.02 ®
Pseudomonas versuta UB36 37.09+0.42 2 2.99+0.04 0 9.56+0.98 @ 1.09+0.03 @
Pseudomonas aeruginosa UB52 39.08+0.27 2 3.29+0.03 ¢ 10.76+2.22 % 1.15+0.03°
Pseudomonas lundensis UB53 52.31+0.30 b 3.50+0.03 ¢ 13.12+2.12 % 1.26+0.02 ¢
Pseudomonas migulae UB54 58.07+6.51¢ 3.75+0.05 f 14.51+3.04° 1.28+0.01 ¢
Enterococcus gallinarum UB55 56.75+0.70 2.87+0.022 11.27+2.34 % 1.21+0.01°¢
Lysinibacillus fusiformis UB64 50.27+1.43° 4.41+0.03 9 12.64+3.35 % 1.30+0.03 ¢

Note: The same letter in a column means no significant difference at the 5% DMRT test
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These results suggested that the presence of PGPB may
be essential in triggering the tatsoi mustard plant to induce
phenol accumulation and activate plant defense mechanisms.
Cappellari et al. (2017) also showed that inoculation of
PGPB from the genera Pseudomonas and Bacillus increased
phenolic compounds' biosynthesis. The phenolic compounds
are produced by plants to protect against biotic and abiotic
stress (Abideen et al. 2015). The type and concentration of
phenol in plants also increase when attacked by pests,
where phenol's role in plant defense is related to antibiotic
properties (Kousar et al. 2020). Not only biotic factors such
as PGPB can affect phenol, but abiotic factors (oxidative
stress, nutrient deficiency, hormonal disturbances, temperature
stress) can also influence the activity of phenolic compounds
(Tarig and Ahmed 2023).

In PAL activity test, inoculation of P. aeruginosa UB52,
P. lundensis UB53, P. migulae UB54, E. gallinarum UB55,
and L. fusiformis UB64 had a significant effect on PAL
activity compared to control (F6,14=3.503, p=<0.05) (Table
6). L. fusiformis UB64 treatment had the highest PAL
activity compared to other treatments. Elsharkawy et al.
(2022a) reported that Pseudomonas sp. inoculation
upregulated PAL gene expression linked to Rhizoctonia
solani disease incidence. PAL is an enzyme that involved
in crucial plant defense mechanisms through phenol
formation, jasmonic acid biosynthesis (Elsharkawy et al.
2022a), and entering different biosynthetic pathways leading
to lignin synthesis (Solekha et al. 2020). In addition, PAL
activity is also related to the synthesis of phenolics that
play a role in plant defense. PAL is the most critical
enzyme in inducing systemic resistance (ISR) mechanism
through phenylpropanoid pathway, where lignin production
is also triggered by increasing PAL and activating peroxidase
compounds (Singh et al. 2016).

In addition, assays were conducted to determine the
impact of PGPB inoculation on the biochemical compounds
of tatsoi mustard plants, including carotenoids and
chlorophyll. The results indicated that inoculation of PGPB
on tatsoi mustard plants had no significant effect on
increasing carotenoid (F6,14=0.954; p=<0.05), chlorophyll
a (F6,14=0.706; p=<0.05), chlorophyll b (F6,14=0.692;
p=<0.05), and total chlorophyll (F6,14=0.402; p=<0.05)
(Table 7). Carotenoids are vital to plant compounds since
they have a role in energy transfer to chlorophyll during
photosynthesis as photo-protectors, antioxidant compounds,
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color attractants, and plant hormone precursors (Maoka
2020). The non-significant effect of PGPB inoculation
compared to the control on carotenoid and chlorophyll
accumulation probably results from the nutrient regime
being fulfilled in the hydroponic system. A study by Yama
et al. (2020) indicated that inoculating 1000 ppm hydroponic
AB mix nutrients could provide functional nitrogen elements
for plants to optimize chlorophyll formation. Chlorophyll
acts as the main component in carrying out photosynthesis
for plant growth. In accordance with Pinto et al. (2014),
concentration of chlorophyll and carotenoids in plants is
directly related to their mineral content.

Peroxidase (PO) and polyphenol oxidase (PPO) enzymes

PO and PPO enzymes were measured by absorbance
changes using a spectrophotometer at a wavelength of 495
nm recorded every 1 minute for 10 minutes. The application
of PGPB P. versuta UB36 and P. aeruginosa UB52
increased the activity of PO enzyme (Figure 2.A). The
similar result was shown in Figure 2.B where the activity
of PPO enzyme increased after the application of P. versuta
UB36 and P. aeruginosa UB52. It is known that the activity
of PO and PPO enzymes contributes to increas plant defense
against pests and diseases. When pests impair plants, PO
enzymes arise quickly and are involved in wound healing,
lignification, and cell wall elongation (Sofo et al. 2015). In
stressed conditions, PPO enzymes induce phenol production,
which contributes to early defense mechanisms (Elsharkawy
and El-Khateeb 2019). PO and PPO enzymes in tatsoi
mustard plants inoculated with all PGPB strains were
higher and in line with the lower intensity of pest damage
that occurs. It is suspected that the higher PO and PPO
enzyme activity in tatsoi mustard plants attacked by pests
contributes to increasing plant resistance. As in the study
by Elsharkawy et al. (2022b), plants infected with pests
have a higher level of defense enzymes, and when treated
with P. aeruginosa, PO enzyme activity increases higher
than the control. In addition, similar activity was also
shown by PPO enzymes, which were higher after being
treated with Pseudomonas. The activity of phenolic
compounds, PPO, and PO in plants has been known to be
influenced by the inoculation of biocontrol agents (Fathi et
al. 2018).

Table 6. Effect of PGPB inoculation on phenolic compound and PAL enzyme

Treatments Phenol (mg/GAE/g) PAL (mmol cinamic acid/g FW)
Control 1.44+0.08 * 0.27+0.012
Pseudomonas versuta UB36 1.40£0.01 2 0.32+0.05
Pseudomonas aeruginosa UB52 1.48+0.07 ¢ 0.38+0.01 "¢
Pseudomonas lundensis UB53 1.80+0.18 0.38+0.03 ¢
Pseudomonas migulae UB54 1.88+0.28 ¢ 0.38+0.10 "¢
Enterococcus gallinarum UB55 1.73+0.28 ™ 0.37+0.04 b¢
Lysinibacillus fusiformis UB64 1.74+0.01 °™ 0.43+0.03 ¢

Note: The same letter in a column means no significant difference at the 5% DMRT test
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Table 7. Effect of PGPB inoculation on chlorophyll and carotenoid contents

Carotenoid and chlorophyll contents (ug/mL)+SD

Treatments

Carotenoid Chlorophyll a Chlorophyll b Total chlorophyll
Control 3.30£0.75 5.47+0.37 4.97+0.80 10.44+1.17
Pseudomonas versuta UB36 3.21+0.95 5.63£1.05 5.01+0.64 10.64+1.69
Pseudomonas aeruginosa UB52 2.44+0.56 5.18+0.96 4.82+0.71 10.00+1.62
Pseudomonas lundensis UB53 4.11+0.56 5.99+0.54 5.27+0.74 11.26+1.28
Pseudomonas migulae UB54 3.63+1.03 6.10+0.28 5.42+0.32 11.52+0.29
Enterococcus gallinarum UB55 3.06+0.62 6.02+1.76 5.43+1.06 11.45+2.83
Lysinibacillus fusiformis UB64 3.20+£1.46 5.85+0.72 4.79+0.90 10.64+0.58
Note: The same letter in a column means no significant difference at the 5% DMRT test
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Figure 2. The effect of PGPB inoculation on A. Peroxidase (PO) and; B. Polyphenol oxidase (PPO) enzyme activities in tatsoi mustard
grown in NFT hydroponic system. C: control, Ps: Pseudomonas versuta UB36, Pa: Pseudomonas aeruginosa UB52, Pl: Pseudomonas
lundensis UB53, Pm: Pseudomonas migulae UB54, Es: Enterococcus gallinarum UB55, Lf: Lysinibacillus fusiformis UB64

Based on the results, it was concluded that tatsoi plants
inoculated with PGPB strains promoted growth and
biomass production, which was shown in the treatment of
P. ludensis UB53, P. migulae UB54, and L. fusiformis
UB64. In addition, PGPB in tatsoi plants grown in the NFT
hydroponic system can induce plant resistance-related
compounds and enzymes, such as phenolic compounds,
PAL enzymes, PPO enzymes, and PO enzymes. These
results suggested that the inoculation of PGPB improved
tatsoi plant resistance against biotic as well as abiotic
stresses and has the potential to be developed as an
effective strategy for pest and disease management and
increasing crop vyield of tatsoi mustard grown in
hydroponic systems.

ACKNOWLEDGEMENTS

The authors express their gratitude to LPPM Brawijaya
University, Malang, Indonesia for the financial support of
this research through the Hibah Penelitian Unggulan
scheme, under contract no. 975.16/UN10.C10/PN/2021.
Additionally, appreciation is extended to all those who
contributed to the preparation of instruments and the
implementation of the study.

REFERENCES

Abideen Z, Qasim M, Rasheed A, Yousuf Adnan M, Gul B, Ajmal Khan
M. 2015. Antioxidant activity and polyphenolic content of pragmites
karka under saline conditions. Pak J Bot 47 (3): 813-818.

Aini LQ, Trianti I, Rachmawati SW, Putra AM, Anastasya NA, Setiawan
A. 2023. In vitro characterization of UB Forest (Malang, Indonesia)
indigenous bacteria as plant growth promoting bacteria (PGPB).
Biodiversitas 24 (8):4558-4565. DOI: 10.13057/biodiv/d240837.

de Andrade LA, Santos CHB, Frezarin ET, Sales LR, Rigobelo EC. 2023.
Plant growth-promoting rhizobacteria for sustainable agricultural
production. Microorganisms 11 (4): 1088. DOl:
10.3390/microorganisms11041088.

Backer R, Rokem JS, llangumaran G, Lamont J, Praslickova D, Ricci E,
Subramanian S, Smith DL. 2018. Plant growth-promoting
rhizobacteria: Context, mechanisms of action, and roadmap to
commercialization of biostimulants for sustainable agriculture. Front
Plant Sci 9: 1473. DOI: 10.3389/fpls.2018.01473.

Bruni L, Junge R, Gartmann F, Parisi G, Schmautz Z. 2023. The effect of
nutrient source and beneficial bacteria on growth of Pythium-exposed
lettuce at high salt stress. Water 15 : 2109. DOI: 10.3390/w15112109.

Bychkova AA, Zaitseva YV, Sidorov AV, Aleksandrova AS, Marakaev
OA, Bychkova AA. 2022. Biotechnological potential of phosphate-
solubilizing Pseudomonas migulae strain GEOT18. Intl J Agric
Technol 18 (4):1403-1414.

Cappellari L del R, Chiappero J, Santoro MV, Giordano W, Banchio E.
2017. Inducing phenolic production and volatile organic compounds
emission by inoculating Mentha piperita with plant growth-promoting
rhizobacteria. Sci Hortic 220: 193-198. DOI:
10.1016/j.scienta.2017.04.002.

Chen S, Yao C, Zhou J, Ma H, Jin J, Song W, Kai Z. 2024. Occurrence
and risk assessment of phthalates, and heavy metal residues in
vegetables from hydroponic and conventional cultivation. Foods 13
(8): 1151. DOI: 10.3390/foods13081151.



3316

Chen X, Tang YY, Sun X, Zhang X, Xu N. 2022. Comparative
transcriptome analysis reveals the promoting effects of IAA on
biomass production and branching of Gracilariopsis lemaneiformis.
Aquaculture 548: 737678. DOI: 10.1016/j.aquaculture.2021.737678.

Compant S, Samad A, Faist H, Sessitsch A. 2019. A review on the plant
microbiome: Ecology, functions, and emerging trends in microbial
application. J Adv Res 19: 29-37. DOI: 10.1016/j.jare.2019.03.004.

Elsharkawy M, Omara R, Mostafa Y, Alamri S, Hashem M, Alrumman S,
Ahmad A. 2022a. Mechanism of wheat leaf rust control using
chitosan nanoparticles and salicylic acid. J Fungi 8 (3): 304. DOI:
10.3390/jof8030304.

Elsharkawy MM, El-Khateeb NMM. 2019. Antifungal activity and
resistance induction against Sclerotium cepivorum by plant growth-
promoting fungi in onion plants. Egypt J Biol Pest Control 29 (1): 68.
DOI: 10.1186/s41938-019-0178-9.

Elsharkawy MM, Sakran RM, Ahmad AA, Behiry SI, Abdelkhalek A,
Hassan MM, Khedr AA. 2022b. Induction of systemic resistance
against sheath blight in rice by different Pseudomonas isolates. Life
12 (3): 349. DOI: 10.3390/1ife12030349.

Fathi F, Saberi-Riseh R, Moradi M. 2018. The effects of biocontrol
Bacillus and Pseudomonas strains on plant growth and biochemical
defense mechanisms in Pistachio seedlings inoculated with
Phytophthora drechsleri. Pistachio Health J 1 (3): 15-26. DOI:
10.22123/phj.2018.144287.1010.

Fussy A, Papenbrock J. 2022. An overview of soil and soilless cultivation
techniques-chances, challenges and the neglected question of
sustainability. Plants 11 (9): 1153. DOI: 10.3390/plants11091153.

Goddek S, Joyce A, Kotzen B, Burnell GM. 2019. Aquaponics Food
Production Systems: Combined Aquaculture And Hydroponic
Production Technologies For The Future. Springer Nature, Cham.
DOI: 10.1007/978-3-030-15943-6.

Inayati A, Sulistyowati L, Qurata Aini L, Yusnawan E. 2020. Trichoderma
virens-Tv4 enhances growth promoter and plant defense-related
enzymes of mungbean (Vigna radiata) against soil-borne pathogen
Rhizoctonia solani. Biodiversitas 21 (6): 2410-2419. DOI:
10.13057/biodiv/d210611.

Kousar B, Bano A, Khan N. 2020. PGPR modulation of secondary
metabolites in tomato infested with Spodoptera litura. Agronomy 10
(6): 778. DOI: 10.3390/agronomy10060778.

Lee S, Lee J. 2015. Beneficial bacteria and fungi in hydroponic systems:
Types and characteristics of hydroponic food production methods. Sci
Hortic 195: 206-215. DOI: 10.1016/j.scienta.2015.09.011.

Lichtenthaler HK, Buschmann C. 2001. Chlorophylls and carotenoids:
Measurement and characterization by UV-VIS Spectroscopy. In:
Wrolstad RE (eds). Current Protocols in Food Analytical Chemistry.
John Wiley & Sons, Inc., Hoboken. DOl:
10.1002/0471142913.faf0403s01.

Lichtenthaler HK. 1987. Chlorophylls and carotenoids: Pigments of
photosynthetic biomembranes. Methods Enzymol 148: 350-382. DOI:
10.1016/0076-6879(87)48036-1.

Maoka T. 2020. Carotenoids as natural functional pigments. J Nat Med 74
(1): 1-16. DOI: 10.1007/s11418-019-01364-X.

Mei C, Zhou D, Chretien RL, Turner A, Hou G, Evans MR, Lowman S.
2023. A potential application of Pseudomonas psychrotolerans
IALR632 for lettuce growth promotion in hydroponics. Microorganisms
11 (2): 376. DOI: 10.3390/microorganisms11020376.

Nadeem SM, Naveed M, Ayyub M, Khan MY, Ahmad M, Zahir ZA.
2016. Potential, limitations and future prospects of Pseudomonas spp.
for sustainable agriculture and environment: A Review. Soil Environ
35(2): 106-145.

Natawigena H. 1993. Dasar-Dasar Perlindungan Tanaman. Trigenda
Karya, Bandung. [Indonesian]

Nemali K. 2022. History of controlled environment horticulture: greenhouses.
Am Soc Horticult Sci 57: 239-246. DOI: 10.21273/HORTSCI16160-
21

Phuyal N, Jha PK, Raturi PP, Rajbhandary S. 2020. Total phenolic,
flavonoid contents, and antioxidant activities of fruit, seed, and bark
extracts of Zanthoxylum armatum DC. Sci World J 2020: 8780704.
DOI: 10.1155/2020/8780704.

Pinto E, Almeida AA, Aguiar AARM, Ferreira IMPLVO. 2014. Changes
in macrominerals, trace elements and pigments content during lettuce
(Lactuca sativa L.) growth: Influence of soil composition. Food
Chem 152: 603-611. DOI: 10.1016/j.foodchem.2013.12.023.

Putra AM, Anastasya NA, Rachmawati SW, Yusnawan E, Syib’li MA,
Trianti I, Setiawan A, Aini LQ. 2024. Growth performance and
metabolic changes in lettuce inoculated with plant growth promoting

BIODIVERSITAS 25 (8): 3309-3317, August 2024

bacteria in a hydroponic system. Sci Hortic 327: 112868. DOI:
10.1016/j.scienta.2024.112868.

Raksun A, Japa L, Mertha 1G. 2019. Pengaruh jenis mulsa dan dosis
pupuk NPK terhadap pertumbuhan dan hasil tanaman terong hijau
(Solanum melongena L). Jurnal Biologi Tropis 19 (2): 142-146. DOI:
10.29303/jbt.v19i2.1115. [Indonesian]

Renault D, Déniel F, Vallance J, Bruez E, Godon JJ, Rey P. 2018.
Bacterial shifts in nutrient solutions flowing through biofilters used in
tomato soilless culture. Microb Ecol 76 (1): 169-181. DOI:
10.1007/s00248-017-1117-5.

Ruiu L. 2020. Plant-growth-promoting bacteria (PGPB) against insects
and other agricultural pests. Agronomy 10 (6): 861. DOI:
10.3390/agronomy10060861.

Sajali CU, Khoiriah S. 2023. Analisis kelayakan usahatani sayuran sawi
pagoda (Brassica narinosa L.) hidroponik di HPT Farm Tulungagung. J
Agribus Agrotechnol 4: 58-63. DOI: 10.31938/agrisintech.v4i2.600.
[Indonesian]

Sankaranarayanan A, Khalifa AYZ, Amaresan N, Sharma A. 2021. Soil
microbiome to maximize the benefits to crop plants - a special
reference to rhizosphere microbiome. Woodhead Publishing, Sawston,
Cambridge. DOI: 10.1016/B978-0-12-822122-8.00028-5.

Sembiring J, Prasetia A. 2019. Pest attack on cabbage and mustard greens
in Tanah Miring District, Merauke Regency, Papua Province. Intl J
Civ Eng Technol 10 (2): 773-782.

Silva T, Jorge C, Salles F, Perticarrari AL, Cunha SBZ, Santos-Cividanes
TM. 2023. Insect pests and natural enemies associated with lettuce
Lactuca sativa L. (Asteraceae) in an aquaponics system. Sci Rep 14
(1): 14947. DOI: 10.21203/rs.3.rs-3101590/v1.

Singh UB, Malviya D, Wasiullah, Singh S, Pradhan JK, Singh BP, Roy
M, Imram M, Pathak N, Baisyal BM et al. 2016. Bio-protective
microbial agents from rhizosphere ecosystems trigger plant defense
responses provide protection against sheath blight disease in rice
(Oryza sativa L.). Microbiol Res 192: 300-312. DOI:
10.1016/J.MICRES.2016.08.007.

Sofo A, Scopa A, Nuzzaci M, Vitti A. 2015. Ascorbate peroxidase and
catalase activities and their genetic regulation in plants subjected to
drought and salinity stresses. Intl J Mol Sci 16 (6):13561-13578. DOI:
10.3390/ijms160613561.

Solekha R, Susanto FA, Joko T, Nuringtyas TR, Purwestri YA. 2020.
Phenylalanine ammonia lyase (PAL) contributes to the resistance of
black rice against Xanthomonas oryzae pv. oryzae. J Plant Pathol 102
(2): 359-365. DOI: 10.1007/s42161-019-00426-z.

Son JE, Kim HJ, Ahn TI. 2019. Hydroponic systems. Plant Factory: An
Indoor Vertical Farming System for Efficient Quality Food Production:
Second Edition. Elsevier Inc, Amsterdam. DOI: 10.1016/B978-0-12-
816691-8.00020-0.

Souza R, Ambrosini A, Passaglia LMP. 2015. Plant growth-promoting
bacteria as inoculants in agricultural soils. Genet Mol Biol 38 (4):
401-419. DOI: 10.1590/S1415-475738420150053.

Stegelmeier AA, Rose DM, Joris BR, Glick BR. 2022. The use of PGPB
to promote plant hydroponic growth. Plants 11 (20): 2783. DOI:
10.3390/plants11202783.

Sundravadana S, Alice D, Kuttalam S, Samiyappan R. 2007.
Azoxystrobin induces lignification-related enzymes and phenolics in
rice (Oryza sativa L.) against blast pathogen (Pyricularia grisea). J
Plant Interact 2 (4): 219-224. DOI: 10.1080/17429140701687387.

Tarig A, Ahmed A. 2023. Genetic Basis of Phenolics in Abiotic Stress
Management. In: Lone R, Khan, S, Mohammed Al-Sadi A (eds).
Plant Phenolics in Abiotic Stress Management. Springer Nature
Singapore Singapore. DOI: 10.1007/978-981-19-6426-83.

Thomas P, Knox OGG, Powell JR, Sindel B, Winter G. 2023. The
hydroponic rockwool root microbiome: Under control or underutilised?
Microorganisms 11: 835. DOI: 10.3390/microorganisms11040835.

Vasdravanidis C, Alvanou MV, Lattos A, Papadopoulos DK, Chatzigeorgiou
I, Ravani M, Liantas G, Georgoulis I, Feidantsis K, Ntinas GK,
Giantsis 1A. 2022. Aquaponics as a promising strategy to mitigate
impacts of climate change on rainbow trout culture. Animals 12 (19):
2523. DOI: 10.3390/ani12192523.

Weber D, Egan PA, Muola A, Ericson LE, Stenberg JA. 2020. Plant
resistance does not compromise parasitoid-based biocontrol of a
strawberry pest. Sci Rep 10 (1): 5899. DOI: 10.1038/s41598-020-
62698-1.

Yama DI, Kartiko H, Budidaya P, Perkebunan T, Pertanian JT, Pontianak
N, Jenderal J, Yani A, Laut B, Tenggara P et al. 2020. Pertumbuhan
dan kandungan Klorofil pakcoy (Brassica rappa L.) pada beberapa



ANASTASYA et al. — Impact of PGPB in hydroponic system 3317

konsentrasi ab mix dengan sistem wick. Jurnal Teknologi 12 (1): 21- meningkatkan pertumbuhan tanaman. Biolova 1 (1): 1-6. DOI:
30. DOI: 10.24853/jurtek.12.1.21-30. [Indonesian] 10.24127/biolova.v1i1.23. [Indonesian]

Yulistiana E, Widowati H, Sutanto A. 2020. Plant growth promoting
Rhizobacteria (PGPR) dari akar bambu apus (Gigantochola apus)



