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A variety of microorganisms in rhizosphere affect plant health by plant growth promotion, mitigation of abiotic stresses as well as protection from pathogen attacks. In our previous study, we selected a bacterium, Bacillus
mesonae H20-5, for alleviation of salinity stress in tomato plants. In this study, we verified the effect of a liquid
formulation of B. mesonae H20-5 (TP-H20-5) on fruit production and phytochemical accumulation including lycopene and polyphenol in cherry tomato and strawberry fruits in on-farm tests of protected cultivation under
salinity stress. When vegetables including tomato, cherry tomato, strawberry, and cucumber were treated with
TP-H20-5 by irrigated systems, final marketable yields were increased by 21.4% (cherry tomato), 9.3% (ripen tomato), 120.6% (strawberry), and 14.5% (cucumber) compared to untreated control. Moreover, treatment of TPH20-5 was showed increase of phytochemicals such as lycopene and total polyphenol compared to untreated
control in cherry tomato and strawberry. Therefore, these results indicated that a formulant of B. mesonae H205 can be used as a potential biofertilizer for increasing fruit production and quality.
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Vegetables including tomato, strawberry, and cucumber
are generally grown in protective houses in Korea, however,
there are a few problems such as salinity by continuous cropping system. Salinity is one of destructive stresses that can
cause limit of growth and productivity (Munns and Gilliham,
2015). For mitigating salinity stress, in our previous study, we
selected Bacillus mesonae H20-5 which can induce tolerance
to salinity stress in tomato plants (Yoo et al., 2018).
Vegetables and fruits including tomato, strawberry, and
cucumber have become well known as important sources
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for daily intake with phytochemicals. These bioactive constituents of fruits help protect against human diseases by
antioxidant activity such as free radical scavengers or antimicrobial activity. The most known phytochemicals from fruits
are polyphenols including flavonols, flavanones and cinnamate derivatives; lycopene in red color of fruits, they have
medicinal values for reducing cardiovascular and prostate
cancer diseases as well as one of determinants for fruit quality including fruit colors and firmness (Martínez et al., 2012).
In this study, we evaluated effects of a liquid formulation
of B. mesonae H20-5 on marketable production of cherry tomato, ripen tomato, strawberry and cucumber in protected
cultivation under salinity stress as well as fruit contents of
bioactive components including lycopene and total polyphenol in cherry tomato and strawberry fruits.
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Table 1. Yields of cherry tomato, ripen tomato, strawberry, and cucumber treated with a liquid formulation TP-H20-5, ZY (a positive
control), and untreated control during a growing season in protected cultivation under salinity stress
Treatment

Total yield (kg), (increasing rate, %)
Cherry tomato
a

Ripen tomato

Strawberry

Cucumber

6050

114.3

1522

Control

1695

ZS

1835.5(8.3)

6030(-0.3)

56.7(-50.4)

1810(18.9)

TP-H20-5

2058.5(21.4)

6610(9.3)

252.2(120.6)

1742(14.5)

a

Total productivity of cherry tomato from December 23 in 2018 to March 30 in 2019 in Gimje; ripen tomato from February 15 in 2019 to
April 13 in 2019 in Gunsan; strawberry from December 20 in 2018 to February 28 in 2019 in Yangpyeong; cucumber from October 21 in
2018 to November 28 in 2018 in Gunsan.

On-farm tests for effect of a liquid formulation of B. mesonae H20-5 on fruit yield and quality in protected cultivation
under salinity stress. In our previous study, salinity tolerant
bacteria, B. mesonae H20-5, was selected (Yoo et al., 2018). In
this study, we used a liquid formulation of B. mesonae H20-5
(TP-H20-5) produced by Kyung Nong Corporation for evaluation of fruit yield and quality in protected cultivation under
salinity stress. For on-farm tests, four vegetables including
cherry tomato, ripen tomato, strawberry, cucumber were
tested. Three treatments including untreated control (water), ZY (©Zeroyeom) as a positive control, TP-H20-5 (final
concentration 5 × 106cells/ml) produced by Kyung Nong
Corporation were used by drip irrigation system during a
growing season in protected cultivation. For cherry tomato
test, seedlings (Solanum lycopersicum var. cerasiforme, ‘Nonari’) were transplanted into salinity soils (EC 4.7 dS/m) located
in province Gimje, Korea at September 29 in 2018; experimental field area was 660m2/treatment; each treatment was
drip-irrigated at September 29 in 2018, October 10 and 26
in 2018. Marketable fruits of cherry tomato were harvested
from December 23 in 2018 to March 30 in 2019. For ripen
tomato, seedlings (Solanum lycopersicum L., ‘SuperSunroad’)
were transplanted into salinity soils (EC 5.8 dS/m) located in
province Gunsan, Korea at September 15 in 2018; experimental field area was 660m2/treatment; each treatment was
drip-irrigated at September 17, October 4 and 11 in 2018.
Marketable fruits of ripen tomato were harvested from February 15 to April 13 in 2019. For strawberry, seedlings (Fragaria
× ananassa, ‘Seolhyang’) were transplanted into salinity soils
(EC 3.0 dS/m) located in province Yangpyeong, Korea at
September 15 in 2018; experimental field area was 330m2/
treatment; each treatment was drip-irrigated at September
20 and 30, October 9 in 2018. Marketable fruits of strawberry

were harvested from December 20 in 2018 to February 28
in 2019. For cucumber, seedlings (Cucumis sativus L., ‘Ipchunakhab’) were transplanted into salinity soils (EC 5.8 dS/
m) in province Gunsan, Korea at September 15 in 2018; experimental field area was 660m2/treatment; each treatment
was drip-irrigated at September 17, and October 4 in 2018.
Marketable fruits of cucumber were harvested from October
21 in 2018 to November 28 in 2018. Total marketable production in the tested plants were accumulated.
During a growing season in on-farm tests, marketable
productions of cherry tomato, ripen tomato, strawberry, and
cucumber were evaluated (Table 1). Cherry tomato plants
treated with TP-H20-5 produced totally 2058.5 kg/660 m2 in
a growing season, whereas untreated control and ZY-treated
plants did 1695 and 1835.5 kg/660 m2, respectively. TP-H205 increased yield by 21.4% compared to untreated control.
Ripened tomato plants treated with TP-H20-5 were harvested 9.3% more; strawberry plants treated with TP-H20-5
were dramatically increased 120.6% compared to untreated
control plants. In case of cucumber plants, TP-H20-5 induced
14.5% higher productivity compared to untreated control.
Treatment of ZY as a positive control increased productivity
by 8.3% for cherry tomato, and 18.9% for cucumber, however, it decreased by 0.3% for ripen tomato and 50.4% for
strawberry compared to untreated control (Table 1).
Fruit quality assessment of cherry tomato and strawberry
plants influenced by a liquid formulation of B. mesonae H205. Marketable cherry tomatoes with four replications at
February 11 in 2019, and strawberries with five replications
at February 27 in 2019 were randomly sampled; each replication was consisted of five fruits. Sampled fruits of cherry
tomato and strawberry were prepared by freeze drying
method at -40oC, 0.100mbar for 7 days; after maceration by
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a laboratory mill, powders passed through a sieve (250 μm
opening micrometer, 60mesh), and then put into a scintillation vial and stored at -80oC during a period of analysis
(Hallmann, 2012). For polyphenol contents of cherry tomatoes and strawberries, extraction and measurement of fruit
samples were followed by Vasco et al. (2008). Briefly, 0.2 g of
freeze-dried samples were first extracted with 20ml of 50%
methanol and then second extracted with 20 ml of 70% acetone under continuous stirring for 1 hr. After extractions, supernatants were collected by centrifugation at 4,000 rpm for
15 min. For measurement, 0.5 ml of Folin-Ciocaltew reagent
and 10 ml of sodium carbonate solution was added, and
then measured absorbance at 750 nm by a UV-vis spectrophotometry (Infinite M200 PRO, TECAN, Austria). Gallic acid
was used as standard curves.
For lycopene contents of cherry tomatoes and strawberries, freeze-dried samples were extracted with
hexane:ethanol:acetone (2:1:1, v/v) containing butylated
hydroxytoluene, and the extract was determined using a at
505nm by a UV-vis spectrophotometer (Kuti and Konuru,
2005)
For total soluble solid and titratable acidity of cherry tomatoes, fresh fruit samples were passed through a 1 mm
metallic sieve for juice extraction. 1 ml of the fruit juice was
filtered using a syringe filter (0.45 μm pore size), two drops
of filtrate were carefully applied on the refractometer, and
then total soluble solids were determined as percentage (brix
range: 0~32%) (Tigchelaar, 1986). For titratable acidity, 10 g
of extracted juice was mixed with 50 ml of deionized distilled
water. The mixture was titrated by adding 0.1 N NaOH until a
pH 8.1, the added volume of NaOH was recorded, and then
calculated by using titration formula for determination of
titratable acidity (Anonymous, 1968).
Statistical analyses were performed using the Statistical
Analysis System software (SAS Institute, Cary, NC). Pooled
data from repeated experiments were used for statistical
analysis after confirming the homogeneity of the variances
by Levene’s test. Analyses of variance were performed using
the general linear model (GLM) procedure and differences
between means were investigated using the least significant
difference (LSD) test at P < 0.05.
Bioactive components including polyphenol and lycopene, total soluble solid, and titratable acidity from fruits
of cherry tomato plants treated with TP-H20-5, ZY, and
untreated control were assessed (Fig. 1). There were signifi-

Fig. 1. Bioactive component and quality alterations on cherry tomato fruits by B. mesonae H20-5 (TP-H20-5) treatment. (A) Polyphenol, (B) lycopene contents, (C) total soluble solid (%), and (D) titratable acidity from cherry tomato fruits in protected cultivation
under salinity stress. Plants were treated with a liquid formulation
B. mesonae H20-5 (TP-H20-5), ZY as a positive control, untreated
control in on-farm located in Gimje, Korea. An asterisk on the bars
indicates significant difference by LSD test at P< 0.05.

cant effects of TP-H20-5 on bioactive component such as
polyphenol and lycopene, total soluble solid, and titratable
acidity compared to that of untreated control (Fig. 1). Bioactive components related to antioxidant such as polyphenol
and lycopene significantly (P <0.05) increased when TP-H205 was applied to cherry tomato plants (Fig. 1). Similar to polyphenol and lycopene, total soluble solid or titratable acidity
related to consumer’s tastes and flavor was also changed by
treatments. Total soluble solid in cherry tomato fruits was affected by treatment TP-H20-5 but titratable acidity was not
(Fig. 1).
When TP-H20-5, ZY, and untreated control were applied
to strawberry plants, higher lycopene and polyphenol contents were achieved by TP-H20-5 (Fig. 2). Application of TPH20-5 increased the lycopene content by about ca. 97.77%;
polyphenol content by about ca. 13.83 % as compared to
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Fig. 2. Bioactive component alteration on strawberry fruits by B.
mesonae H20-5 (TP-H20-5) treatment. (A) Polyphenol, and (B) lycopene contents from strawberry fruits in protected cultivation under salinity stress. Plants were treated with a liquid formulation B.
mesonae H20-5 (TP-H20-5), ZY as a positive control, untreated control in on-farm located in Yangpyeong, Korea. However, fruits from
ZY treatment were not tested. An asterisk on the bars indicates significant difference by LSD test at P < 0.05.

untreated control (Fig. 2).
In this study, significant increases in marketable fruit were
observed when TP-H20-5 was applied into vegetables including cherry tomato, ripen tomato, strawberry, and cucumber
plants. Enhanced marketable yield by bacterial treatment had
been reported. Mena-Violante and Olalde-Portugal (2007)
observed tomato yield increasing by inoculation of B. subtilis;
Bernabeu et al. (2015) showed that Burkholderia tropica could
significantly colonized in the roots, and it led to an increase of
tomato production in two different growing seasons. In addition to plant growth promotion by beneficial microorganisms
under general growing conditions, other roles of bacterial
strains in induced systemic tolerance (IST) against abiotic
stresses are currently being studied (Singh et al., 2018). Especially, salinity is one of the most severe abiotic stresses during
last few decades, it causes reduction in productivity and imbalance in development of plants (Cicek and Cakirlar, 2002).
Origin bacteria B. mesonae H20-5 of TP-H20-5 was selected by
mitigative effect of salinity and plant growth-promoting characters including phosphorus solubilization, (ACC) deaminase
and phytohormone-like auxin production in our previous
study (Yoo et al., 2018); in this study, its final effects in protective houses under natural salinity condition could be shown
as increasing marketable productivity. Moreover, phosphorus solubilization activity of B. mesonae H20-5 from TP-H205 could help promote fruit yield by increasing a number of

blossoms of tested plants during early stages of growth and
fruiting (Sainju et al., 2003). As well as increased fruit yield, this
study demonstrated that application of TP-H20-5 could play a
role in accumulation of phytochemical contents in cherry tomato and strawberry. The lycopene and polyphenol contents
of cherry tomato and strawberry in fruits were increased by
application of TP-H20-5, which was similar results to Nzanza
et al. (2012). It has been reported that these contents in fruits
could be affected by environmental condition, ripening stage,
and nutrient status; TP-H20-5 could induce tolerance to salinity and mitigate stress in plants; it could affect plant’s lycopene and polyphenol contents. Moreover, the market quality
of cherry tomato and strawberry fruit is affected by lycopene
which is a major determinant of fruit color; therefore, TP-H205 could be an effective applicant to enhance fruit quality as
well as quantitative yield.
Taken together, application of TP-H20-5 is required to increase fruit yield and quality including lycopene, polyphenol,
and total soluble solid in protective cultivation under salinity
by continuous cropping. Our findings of this study suggest
that application of TP-H20-5 can be utilized as a potential
biofertilizer for improving yield and fruit quality.

Summary
In this study, we verified the effect of a liquid formulation of
B. mesonae H20-5 (TP-H20-5) on fruit production and quality
including phytochemicals in cherry tomato and strawberry
fruits in on-farm tests of protected cultivation under salinity
stress. When vegetables including tomato, cherry tomato,
strawberry, and cucumber were treated with TP-H20-5 by
irrigated systems, final marketable yields were increased by
21.4% (cherry tomato), 9.3% (ripen tomato), 120.6% (strawberry), and 14.5% (cucumber), and phytochemical components such as lycopene and total polyphenol compared to
untreated control in cherry tomato and strawberry. These
results implied that a formulation of B. mesonae H20-5 can
be used as a potential biofertilizer for improving yield and
fruit quality.
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