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Summary

Following harvest, tomato fruits are susceptible to an attack by many
fungal pathogens, but healthy fruits may also harbor beneficial micro-
flora, which can delay the spoilage of fruit. In this study, 30 isolates of
epiphytic fluorescent Pseudomonas were isolated from healthy fruits
of lemon, melon, grapefruit, tomato and orange. Twelve isolates were
identified on molecular basis by amplifying 16S rDNA using a genus-
specific primer set PA-GS-F 5-GACGGGTGAGTAATGCCTA-3’
and PA-GS-R F 5-CACTGGTGTTCCTTCCTATA-3’ on a con-
served sequence of the genus Pseudomonas with a product size of
~618 bp. Three potential isolates were examined for their ability to
delay the postharvest natural spoilage and maintained the physio-
chemical properties during storage for fifteen days in season 2013
and 2014. All three isolates showed promising control of post-
harvest diseases of tomato in comparison with control in both sea-
sons up to fifteen days of storage at room temperature (23+4 °C, Rh
25-70%). The epiphytic bacterial isolates have delayed fruit weight
loss and maintained fruit firmness, total solids, pH and titratable
acidity. Isolates also slowed the accumulation of lycopene indicating
their potential in controlling the major changes in physiochemical
properties. In both seasons Pseudomonas treated tomatoes showed
no or negligible infestation of common postharvest fungi and bac-
teria as compared to control and positive control (1% K-sorbate).

Key words: Postharvest infections, tomato epiphytes, fluorescent
Pseudomonas, physiochemical properties, disease control.

Introduction

Tomato is considered as one of the most widespread and commonly
grown vegetable/fruit in the world. It is the second abundant source
of vitamins and minerals in human diet (BOMBELLI and WRIGHT,
2006). In developing countries, more than 30% of the crop yield
is lost due to postharvest diseases (KADER, 2002; TIRUPATHI et al.,
2006; FATIMA et al., 2009; ETEBU et al., 2013; GOMES et al., 2015).
Tomato handling at postharvest stage, packaging, storage and trans-
portation affects its quality. These factors can alter the physiology of
fruit due to microorganism’s production and decay (WILSON et al.,
1991; BUONASSISI et al., 2013). After harvest the succulent nature of
the epicarp of fruit makes it susceptible to fungal attack. Species
of Penicillium, Fusarium, Geotrichum, Aspergillus, Alternaria,
Botrytis and Phytophthora, are common fungi attacking tomatoes
after harvest (ETEBU et al., 2013; ABU BAKER et al., 2013). The in-
fected fruits become unmarketable (NURULHUDA et al., 2009).

For the control of postharvest diseases of fruits and vegetables two
main methods have been suggested (SHARMA et al., 2009). A first
approach suggests the management and promotion of antagonistic
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microflora present on the fruit surface, and a second approach sug-
gests the artificial introduction of antagonistic organisms against
postharvest pathogens (ABANO and SAM-AMOAH, 2012). The de-
velopment of disease is controlled by natural microbial antagonists
present on the surface of fruits (WILSON and WISNIEWSKI, 1989;
TALIBI et al., 2014). Several microorganisms have been identified,
which have demonstrated antagonistic activity against multiple post-
harvest pathogens on various fruits and vegetables (WILSON and
WISNIEWSKI, 1994; EL-GHAOUTH, 1997; JANISIEWICZ and KORSTEN,
2002; Mari et al., 2003; TALIBI et al., 2014). The use of bacteria,
yeasts and fungi as microbial antagonists is well documented
(JANISIEWICZ and KORSTEN, 2002; ZHANG et al., 2005; DROBY, 2006;
KORSTEN, 2006; SHARMA et al., 2009), although the mechanisms by
which microbial antagonists suppress postharvest diseases is still
to be explained and explored. Postharvest application of microbial
antagonists is more effective than preharvest application (SHARMA
et al., 2009). However, very few studies suggest the successful use of
bacteria as biocontrol agents of postharvest pathogens.

Fluorescent Pseudomonas species have been reported to possess
strong biocontrol activity against multiple plant pathogens, associ-
ated with the rhizosphere and rhizoplane, as endophytes and also as
epiphytes (SIDDIQUI et al., 2000; SIDDIQUI and EHTESHAMUL-HAQUE,
2001; TARIQ et al., 2009; AFZAL et al., 2013; EHTESHAMUL-HAQUE
et al., 2013; NOREEN et al., 2015; HABIBA et al., 2016). However, the
role of fluorescent Pseudomonas species associated with the fruit
surface and their role in suppressing postharvest diseases has re-
ceived little attention. The current study describes the isolation and
identification of epiphytic fluorescent Pseudomonas species from
healthy fruits and vegetables and their role in the management of
disease severity of tomato along with the study of its physiochemical
properties up to 15 d storage.

Materials and methods

Sample collection

Fresh healthy fruits and vegetables (tomato, lemon, melon, grape
fruit and orange) were collected from the field and supermarkets in
Karachi, Pakistan. Samples were brought to the laboratory and isola-
tion of fluorescent Pseudomonas species was performed within 24 h.

Isolation and identification of epiphytic fluorescent Pseudomonas
species

Fruit samples were washed with sterilized water and 2 g of the sam-
ples were taken from the fruit surface, placed in 20 mL of 0.05 M
phosphate buffer (pH 6.5), and ground using a sterile thistle mortar.
One hundred pL of each sample was transferred to a Petri dish con-
taining Gould’s S1 medium (GOULD et al., 1985) supplemented with
the antibiotic trimethoprim (BASHAN et al., 1993) and incubated at
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28 °C. Bacterial colonies showing fluorescence under UV light after
3 d were purified on King’s B agar medium (KING’S et al., 1954).
Pseudomonas spp. were initially identified according to the Bergey’s
manual (GARRITY et al., 2005). Identification of selected isolates was
further confirmed by using established molecular biology techniques
recently described by us (NOREEN et al., 2015).

Briefly, a genus-specific primer set PA-GS-F 5-GACGGGTGAGT
AATGCCTA-3’ and PA-GS-R F 5°’-CACTGGTGTTCCTTCCTATA
-3’ was used to amplify 16S rDNA on a conserved sequence of the
genus Pseudomonas with a product size of ~618 bp. Amplification
was performed by using a Master cycler ProS (Eppendorf, Germany)
and the product lengths were estimated by 1.5% agarose gel electro-
phoresis. Initially, heterogeneity between the Pseudomonas isolates
was established by RFLP analysis of the 16S rDNA product. The
restriction enzyme digest was prepared using the restriction endo-
nuclease fast digest Haelll (Fermentas, USA). Each restriction reac-
tion was performed at a final volume of 30 pL and consisted of 17 pLL
PCR grade nuclease free water, 2 puL of 10x fast digest green buffer,
10 pL of PCR product and 1 pL of fast digest Haelll. Incubation was
done at 37 °C for 5 min. The restriction digest was subjected to 2%
agarose gel for analysis. A theoretical restriction enzyme digest of
the 16S rRNA gene of Pseudomonas aeruginosa PA96 (GenBank:
CP007224.1) was prepared using SnapGene Viewer 2.2.2 for restric-
tion endonuclease Haelll (BsuRI) and used as a reference for restric-
tion analysis.

Intra-strain variations were also established by performing the BOX
PCR, using the BOXAIR 5-CTACGGCAAGGCGACGCTGACG-3’
primer as described by us (NOREEN et al., 2015). Indigenous P. ae-
ruginosa (F2, F3) and P. monteilii (F1), which were previously iden-
tified by 16S rDNA sequencing, were used as positive controls. To es-
tablish intra-strain heterogeneity and phylogenetics of Pseudomonas
isolates, an image of BOX PCR was analyzed using PyElph1.4 soft-
ware (PAVEL and VASILE, 2012). A phylogenetic tree was computed
based on the information extracted from the gel image. Clustering
and distance matrices were computed using band matching with re-
ference to standard markers. The phylogenetic tree was constructed
based on the Neighbor-Joining clustering method applied on the dis-
tance matrix as established by PAVEL and VASILE (2012).

Application of epiphytic Pseudomonas species on tomato

Three isolates HAB-10, HAB-15 and HAB-25 were selected based
on their strong in vitro inhibitory activity against Penicillium spp.,
and Fusarium solani (data not presented). Fresh, uniform sized and
disease-free tomato fruits collected during 2013-2014 at ripened
stage were surface sterilized and air dried at ambient conditions
before giving treatments. The fruits were dipped for 5 min in the
aqueous suspensions of epiphytic fluorescent Pseudomonas HAB-
10, HAB-25, HAB-15 containing 107 CFU/mL (BARKAI-GOLAN,
2001; SHARMA et al., 2009). The fruits were further air dried and
placed in baskets (4 fruits per basket). Fruits treated with sterile
water served as control and fruits dipped in 1% aqueous suspension
of K-sorbate served as positive control. Room temperature recorded
was 23+4 °C with relative humidity in the range of 25%-70%. The
physiological parameters were recorded at five days interval under
ambient room storage conditions.

Effect of epiphytic fluorescent Pseudomonas species on physio-
chemical properties of tomato

Weight loss

The weight loss of tomato fruits was calculated by a standard proce-
dure as described in AOAC (1994).

Weight loss = W-W,/W, x 100

Where:

W, = Initial weight of tomato

W, = final weight of the tomato fruit on subsequent days of the study.

Firmness of fruit

Hand-held penetrometer (PCE-PTR 200) with a cross head of § mm
was used to measure firmness of tomato fruit and measurements
were taken at two points on its cheeks at two opposite sides (ABBASI
et al., 2009).

Total soluble solids (TSS)
Hand refractometer (Atago Co., Tokyo, Japan) was used to measure
the total soluble solid content of tomato fruits (AOAC, 1994).

pH
The standard method as described in AOAC (1994) was used to de-
termine the pH of tomato fruit.

Titratable acidity (TA)

Five mL of tomato juice was titrated against 0.1 N sodium hydroxide,
using phenolphthalein as an indicator. The data were expressed in %
citric acid according to a standard method (AOAC, 1994).

% citric acid =V x N x Wmeq x 100/Y

Where: V =mL of NaOH solution used for titration,

N = Normality of NaOH solution,

Wmeq = Milliequivalent of citric acid (0.064),

Y = sample weight in g or mL.

Quantitative analysis of lycopene

A spectrophotometric method described by FisH et al. (2002) was
used for lycopene estimation. A 0.6 g sample was weighed from each
puree into two 40 mL screw-capped vials that contained 5 mL of
0.05% (w/v) BHT in acetone, 5 mL of 95% ethanol and 10 mL of
hexane (cold). The mixture was centrifuged at 180 rpm for 15 min
at 0 °C. Distilled water (0.3 mL) was added and the mixture was
centrifuged for another 5 min at 0 °C. The tubes were kept at room
temperature for phase separation for 15-20 min. The upper solvent
layer was collected and lycopene was measured at 503 nm, using
hexane as a blank and expressed as mg/g of tissue.

Decaylrotting percent

Visual observations were used to determine the decay percent of
stored tomato fruits. Following formula was used for calculation:
Decay percent = Number of decayed fruits/Total number of fruits
x 100.

Disease Severity

Calculations of disease severity were made on every fifth day of
storage in season 2013 and 2014 by using a severity scale of 1-5 for
Alternaria, Fusarium, Penicillium and bacterial rots (CORIKIDI et al.,
2006) as shown below (Tab. 1).

Tab. 1: Disease severity scale for postharvest rot.

Scale Percent Severity
1 0-1%
2 2-5%
3 6-10%
4 11-49%
5 50-100%
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Data analysis

Treatment means and time intervals were compared by subjecting
the data to two way analysis of variance (ANOVA). The follow-up
of ANOVA included the least significant difference (LSD) test at
p=0.05 to compare treatment means (GOMEZ and GOMEZ, 1984).

Results and discussion

Isolation and identification of epiphytic fluorescent Pseudomonas
species

Thirty epiphytic isolates of fluorescent Pseudomonas were isolated
from healthy fruits and vegetables, including lemon, melon, tomato,
grapefruit and orange (Tab. 2). They were initially identified accor-
-ding to Bergey’s manual. Selected isolates ie, PS1 (HAB-1), PS2
(HAB-2), PS4(HAB-14), PS7 (HAB-15), PS8 (HAB-5), PS9 (HAB-
21), PS10 (HAB-25), PS11 (HAB-8), PS12 (HAB-9), PS13 (HAB-
29), PS14 (HAB-30) and PS15 (HAB-12) were further subjected
to molecular identification and genetic variation analysis by PCR
amplification and restriction pattern analysis of the 16S rDNA gene

Tab. 2: List of different isolates of epiphytic fluorescent Pseudomonas iso-
lated from healthy fruits and vegetables.

Pseudomonas Source Collection area
isolates
HAB-1* lemon Metro cash & carry
HAB-2* lemon "
HAB-3 lemon "
HAB-4 lemon !
HAB-5* melon !
HAB-6 tomato Fruits and Vegetable Market, Karachi
HAB-7 tomato !
HAB-8* grape fruit Metro cash & carry
HAB-9* tomato Fruits and Vegetable Market, Karachi
HAB-10 orange Metro cash & carry
HAB-11 orange !
HAB-12* Lemon "
HAB-13 Lemon "
HAB-14* Lemon "
HAB-15* Melon Fruits and Vegetable Market, Karachi
HAB-16 Lemon Metro cash & carry
HAB-17 Melon Agricultural field of Malir, Karachi
HAB-18 Melon Fruits and Vegetable Market, Karachi
HAB-19 Melon !
HAB-20 Melon !
HAB-21* Melon !
HAB-22 Tomato !
HAB-23 Tomato !
HAB-24 Orange Metro cash & carry
HAB-25* Tomato Fruits and Vegetable Market, Karachi
HAB-26 grape fruit Metro cash & carry
HAB-27 Lemon "
HAB-28 grape fruit !
HAB-29%* Melon Agricultural field of Malir, Karachi
HAB-30* Lemon Fruits and Vegetable Market, Karachi

* = identification and genetic variation between the selected isolates of fluo-
rescent Pseudomonas was confirmed by using PCR amplification.

product as a molecular marker (Fig. 1a-b). Results revealed that all
selected isolates belonged to the genus Pseudomonas as demonstra-
ted by the presence of a single expected gene product of ~620 bp. The
restriction pattern of the gene products generated by Haelll showed
very close relatedness demonstrated by two major and identical DNA
fragments of 175 and 500 bp. More variation was observed only in
isolates PS7, PS12 and PS13 where some additional bands appeared
(Fig. 1b). Results were further complemented by BOX PCR and den-
drogram analysis (Fig. 1c-d), suggesting the high intra-strain varia-
tion within Pseudomonas spp.

Effect of epiphytic fluorescent Pseudomonas on physiochemical
properties of tomato

Weight loss

The weight loss of tomato fruit increased with time during storage.
However, reduction in weight of fruits was found to be less in fruits
treated with suspensions of epiphytic fluorescent Pseudomonas spe-
cies (HAB-10, HAB-25, HAB-15) in comparison with untreated
fruits stored up to 15 d (Tab. 3). Fruits treated with HAB-25 recorded
the lowest significant value of weight loss (9.37%) in the first season
and 10.3% in the second one on the 151 day of study. The fruits in
the control treatment exhibited greater weight loss on the 10™ day
(13.69% and 12.33%) and the 15" day (13.78% and 13.47%) in both
seasons as compared to epiphytic Pseudomonas (HAB-25), which
showed 8.70% and 8.33% weight loss at the 10" day and 9.37% and
10.3% at the 15™ day. However, K-sorbate was found to be effec-
tive in reducing weight loss at the 10! day (12.33% and 10.70%) in
both seasons as compared to untreated control. These findings are
in agreement with previous findings in which the weight of fruits
decreased with time due to water loss via transpiration (ABD-ALLAH
et al., 2011; NEI et al., 2005; HOLCROFT, 2015) and treatment with
biocontrol bacteria reduced weight loss and maintained tomato
quality during storage (ABD-ALLAH et al., 2011).

Firmness of fruit

Fruit firmness is often used as a criterion to determine the ef-
fects of storage and shelf-life (SINGH and REDDY, 2006). Firmness
of fruit decreased with time in all treatments in storage, but some
Pseudomonas treatments were effective in maintaining firmness in
comparison with the control and positive control. Control of ripening
is one way to increase shelf life. Firmness is related to the stage of
maturity. Usually, firmness decreases with advancement of ripening.
Solublization and depolymerisation of pectin during ripening results
in loosening and breakdown of the cell wall structure (ADEDEII et al.,
2006; PozRL et al., 2010). VAN DK et al. (2006) explained changes
that occur during the ripening process by stating that polygalactu-
ronase is the prime and responsible factor over [-galactosidase for
the decrease of fruit firmness. Textural changes in tomato might
be due to changes in the metabolism of primary cell wall (HARKER
et al., 1997) and the decrease in cell wall turgor (SHACKEL et al.,
1991). Usually, at the initial stages of fruit development, firmness
remains almost constant whereas it decreases as the fruit ripens, ap-
parently due to changes in the assembly of pectin polymers in the cell
wall (KALRA et al., 1995). TEKA (2013) correlated decrease in firm-
ness with advancement in maturity stage (1.57 to 0.78). In this study,
the firmness of tomato fruits decreased with increase in storage time
but firmness of Pseudomonas treated fruits was greater than that in
untreated fruits. Best retention of fruit firmness in epiphytic fluo-
rescent Pseudomonas treated fruits in both seasons as compared to
untreated ones can be explained by delayed degradation of non-solu-
ble protopectins to the more soluble pectins and pectic acid (HUBER
et al., 2001) as shown in Tab. 4.
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Fig. 1: Molecular basis of identification of Pseudomonas spp. (a) PCR amplification of 16S rDNA, (b) RFLP analysis of 16S rDNA gene PCR products ob-
tained by the restriction enzyme Haelll, (c) BOX PCR analysis for establishing intra-species variation and (d) phylogenetic tree constructed using the
neighbor-joining method by PyElphl.4 software. The reaction products were analyzed on 1.5% (a and c¢) and 2% (b) agarose gels and visualized by
staining in ethidium bromide. F1 and F2-F3 are the indigenous control strains of P. monteilii and P. aeruginosa, respectively, while PS numbers represent
Pseudomonas isolates in this study.

1 Kb, 100 bp and, UL, ultra-low range DNA ladders
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Tab. 3: Effect of fluorescent Pseudomonas species on the weight loss of tomato stored at 23+4 °C with relative humidity in the range of 25% - 70%.

Treatments Season 2013 Season 2014
Storage Period/Days
(1))} 5D 10D 15D 0D 5D 10D 15D

Control 0+0 5.12+0.14 13.69+0.16 13.78+1.37 0+0 4.81+0.39 12.33+£3.74 13.47+1.12

1% K-sorbate 0+0 4.60+0.28 12.33+£3.74 13.16+1.53 0+0 4.80+0.43 10.70+1.60 13.46+1.79
HAB-10 00 3.77+0.91 10.70+1.60 12.68+0.93 0+0 4.67+0.67 10.37£1.33 12.68+0.93
HAB-25 0+0 4.01+0.61 8.70+1.65 9.37£1.02 0+0 4.13+0.87 8.33+1.78 10.3+0.12
HAB-15 0+0 3.69+0.16 9.54+0.61 10.14+0.75 0+0 4.58+0.46 9.76+1.42 10.76+1.49
LSDy s Treatment1 = 0.859 Days? = 0.7690 Treatment! = 0.908 Days? = 0.812

"Mean values in a column showing a difference greater than the LSD value are significantly different at p=0.05.

2Mean values in a row showing a difference greater than the LSD value are significantly different at p=0.05.

Tab. 4: Effect of fluorescent Pseudomonas species on firmness (N) of tomato stored at 23+4 °C with relative humidity in the range of 25% - 70%.

Treatments Season 2013 Season 2014
Storage Period/Days
oD 5D 10D 15D 0D 5D 10D 15D

Control 2.12+0.79 0.83+0.10 0.82+0.15 0.67+0.46 1.72+0.58 1.25+0.1 1.17+0.26 0.97+0.05

1% K-sorbate 2.12+0.79 1.07+0.25 1.05+0.05 0.98+0.08 1.72+0.58 1.27+0.28 1.15+0.12 1+0.08
HAB-10 2.12+0.79 1.08+0.34 1.01+0.10 0.93+0.04 1.72+£0.58 1.25+0.20 1.2+0.24 1.1+£0.29
HAB-25 2.12+0.79 1.02+0.05 0.97+0.17 0.9+0.08 1.72+0.58 1.37+0.28 1.17+0.17 1.12+0.28
HAB-15 2.12+0.79 1.12+0.12 1.07+0.125 1+0.09 1.72+0.58 1.45+0.05 1.35+0.36 1.2+0.14
LSD0.05 Treatment! = 0.304 Days? = 0.272 Treatment! = 0.250 Days? = 0.223

"Mean values in a column showing a difference greater than the LSD value are significantly different at p=0.05.
2Mean values in a row showing a difference greater than the LSD value are significantly different at p=0.05.

Total soluble solids (TSS) / Brix

The total soluble solids of tomato fruits predominantly consist of
sugar. However, pectin, amino acids, ascorbic acid, organic acids
(citric and malic acids) etc., are also present, but the sugar content
is used as a quality parameter to evaluate texture and composition
of fruits and vegetables (KAMILOGLU, 2011). In this study, the val-
ues obtained for soluble solids in different treatments of tomato fruit
ranged from 3.95% (on day zero) to 6.3% (on day fifteen) (Tab. 5).
BORJI and JAFARPOUR (2012) reported an increase in the value of
total soluble solids in tomato from 5.1% at the mature green stage
to 6.2% at the full ripe stage. Large portion of total solids are total
soluble solids, which indicates the sweetness level (MAGWAZA and
OPARA, 2015). It has been suggested that high levels of total soluble
solids increase tomato paste competency and these values ranged
from 5% to 6.5% (GARCIA and BARETT, 2005). In our study total
soluble solids increased with ripening and treated fruits showed a
variable percentage of solids among treatments with different iso-
lates of Pseudomonas on day fifteen. HAB-10 showed a significantly
higher content of soluble solids on the 15" day in comparison with
the control and positive control in season one. However, in season
two treatments have showed gradual and minimum increase in total
soluble content after fifteen days of storage. Various reports suggest
an increase in total soluble solids with color and maturity (SALUNKHE
etal., 1974), which is in agreement with our results. This increment of
total soluble solids in tomato fruits could be due to breakdown of car-
bohydrates to soluble sugars and uncontrolled moisture loss (NATH
et al., 2012; SIDDIQUI et al., 2015). The gradual increase of total so-

luble solids in treatments might be the reason for the least disease
severity observed in treated tomatoes over the non-treated tomatoes.

Titratable acidity (TA) and pH

The titratable acidity and pH are two important quality parameters
of tomatoes that are linked. Acid content of the fruit is used as the
indicator of pH (ANTHON et al., 2011). In this study, tomatoes stored
for 15 d at room temperature after treatment with isolates of fluores-
cent Pseudomonas (HAB-15, HAB-10 and HAB-25) showed signifi-
cantly (p < 0.05) less increase in pH up to ten days as compared to
the control in season 2013 and 2014. Tomatoes treated with HAB-15
and HAB-25 showed less increase in pH up to the 15 day in both
seasons (Tab. 6). It has been reported that pH values increase as the
fruit progress towards the ripening stage (ANTHON et al., 2011).

The most important attribute to determine the quality and accept-
ability of fruit is its titratable acidity (ALEMU et al., 2014). There are
reports that citric acid is the most abundant acid in tomatoes and
the largest contributor to the total TA (PAULSON and STEVENS, 1974;
STEVENS, 1972). The decrease in TA with maturity and over-maturity
is generally assumed to be due to a loss of citric acid (ANTHON et al.,
2011). Due to higher respiration rate as ripening advances and or-
ganic acids are being utilized as a substrate during this process
(LURIE and KLEIN, 1990). In this study, titratable acidity decreased
with time in all treatments in season one and season two; however the
decrease in titratable acidity was found to be significantly (p<0.05)
less in bacteria-treated tomatoes compared to untreated controls
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Tab. 5: Effect of fluorescent Pseudomonas species on total soluble solids (%) of tomato stored at 23+4 °C with relative humidity in the range of 25% - 70%.

Treatments Season 2013 Season 2014
Storage Period/Days
0D 5D 10D 15D (1))} 5D 10D 15D

Control 5.1+0.34 5.1+£0.34 5.35+0.47 60 524028 544048 5.95+0.8 6.15+0.66

1% K-sorbate 5.1+0.34 5.25+0.66 5.35+0.44 5.75+0.5 524028 5.5+0.70 5.85+0.59 60
HAB-10 5.1+0.34 5.3+047 5.85+0.59 6.15+0.66 5.2+0.28 5.35+0.47 5.5+0.70 5.75+0.5
HAB-25 5.1+0.34 544048 5.5+0.70 5.5+0.70 524028 5.3+0.47 5.45+0.57 5.5+0.57
HAB-15 5.1+0.34 5.1+0.34 5.25+0.597 54+043 524028 5.25+0.59 5.6+0.58 544043
LSD0.05 Treatment! = 0.347 Days? = 0.310 Treatment! = 0.365 Days? = 0.327

"Mean values in a column showing a difference greater than the LSD value are significantly different at p=0.05.

2Mean values in a row showing a difference greater than the LSD value are significantly different at p=0.05.

Tab. 6: Effect of fluorescent Pseudomonas species on pH of tomato stored at 23+4 °C with relative humidity in the range of 25% - 70%.

Treatments Season 2013 Season 2014
Storage Period/Days
0D 5D 10D 15D 0D 5D 10D 15D

Control 4.26+0.04 4.32+0.06 4.51+£0.09 4.75+0.06 4.24+0.60 442+0.05 4.51+£0.09 4.73+0.07

1% K-sorbate 4.26+0.04 4.38+0.06 441£0.17 4.69+0.06 4.24+0.60 4.38+0.06 4.41£0.17 4.70+0.07
HAB-10 4.26+0.04 4.39+0.05 4.42+0.08 4.63+0.11 4.24+0.60 4.39+0.05 4.63+0.11 4.63+0.11
HAB-25 4.26+0.04 427+0.04 4.48+0.03 4.59+0.10 4.24+0.60 4.29+0.03 4.48+0.03 4.58+0.10
HAB-15 4.26+0.04 4.42+0.05 4.44+0.03 4.51+0.12 4.24+0.60 4.32+0.06 4.44+0.03 4.51£0.12
LSDy s Treatment! = 0.055 Days? = 0.0495 Treatment! = 0.058 Days? = 0.050

'Mean values in a column showing a difference greater than the LSD value are significantly different at p=0.05.
2Mean values in a row showing a difference greater than the LSD value are significantly different at p=0.05.

Tab. 7: Effect of fluorescent Pseudomonas species on total titratable acidity (% citric acid) of tomato stored at 23+4 °C with relative humidity in the range of

25% - 70%.
Treatments Season 2013 Season 2014
Storage Period/Days
0D 5D 10D 15D 0D 5D 10D 15D

Control 1.22+0.37 0.43+0.08 0.41+0.05 0.31+0.04 1.18+0.38 0.36+0.04 0.35+0.06 0.31+0.04

1% K-sorbate 1.22+0.37 0.36+0.04 0.35+0.06 0.33+0.05 1.18+0.38 0.42+0.08 0.40+0.05 0.32+0.05
HAB-10 1.22+0.37 0.49+0.06 0.41+0.08 0.41+0.08 1.18+0.38 0.42+0.04 0.36+0.05 0.35+0.05
HAB-25 1.22+0.37 0.42+0.04 0.36+0.05 0.35+0.05 1.18+0.38 0.48+0.06 0.41+0.08 0.37+0.05
HAB-15 1.22+0.37 0.55+0.06 0.40+0.09 0.38+0.05 1.18+0.38 0.54+0.06 0.41+0.08 0.41+0.08
LSDy05 Treatment! = 0.137 Days? = 0.122 Treatment! = 0.140 Days? = 0.125

Mean values in a column showing a difference greater than the LSD value are significantly different at p=0.05.
2Mean values in a row showing a difference greater than the LSD value are significantly different at p=0.05.

after 15 d (Tab. 7). Minimum reduction in titratable acidity in
Pseudomonas treated tomatoes indicates that treatments had an ef-
fect on respiration rate during ripening, hence, on citric acid content
and had the potential to extend storage life. The increased pH and
decreased acidity with longer storage time detected in the present
study are in agreement with the conclusions of TIGIST et al. (2013).

Quantitative analysis of lycopene

Color is an important quality indicator in tomatoes. The change in
tomato fruits leads to chlorophyll loss and quick accumulation of
carotenoids (lycopene) during ripening process (GRIERSON and
KADER, 1986; IBITOYE et al., 2009). In our study, the lycopene con-
tent was found to increase with time. A significant difference was
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observed among treated and untreated fruits on every fifth day of
storage in season one and two (5, 10, and 15 d) (Tab. 8). The lyco-
pene content in Pseudomonas treated tomato fruits was less than the
respective content in control and positive control sets indicating a
delay in ripening. The ripening process of tomatoes is characterized
by color change (HERTOG et al., 2007) due to breakdown of chloro-
phyll and accumulation of lycopene (BRANDT et al., 2006; PEK and
HELYES, 2010).

Decay rotting percent

Treatment with epiphytic fluorescent Pseudomonas species (HAB-
15, HAB-25 and HAB-10) completely protected the tomato fruits
from decay up to fifteen days in season two, whereas HAB-10 has
shown only 8.32% decay during storage in season one. The untrea-
ted tomatoes showed highest percent of decay (41.65% and 49.97%)
as compared to Pseudomonas treated fruits (0%) and K-sorbate
(24.97%) treated fruits in season one and two, respectively (Fig. 2a,
Fig. 2b). The potential of Pseudomonas spp. as biological control
agents against postharvest diseases has been reported (BULL et al.,
1997; DEMIRCI, 2011). The mode of action of these isolates through
which the epiphytic fluorescent Pseudomonas species reduce decay
at postharvest phase is not yet clearly stated. Antibiosis, resistance
induction and antifungal metabolite production might be the pos-
sible mode of actions for the biocontrol activity of Pseudomonas spp.
against fungal deterioration and better retention of tomato fruit qua-
lity in this study.

Disease Severity

Aspergillus, Alternaria, Penicillium, Geotrichum, Fusarium, Phy-
tophthora species are reported as common postharvest pathogens
responsible for 10% - 30% yield losses of tomato crop (ETEBU et al.,
2013). In this study, all three bacterial isolates have successfully
controlled and minimized the prevalence of Alternaria, Fusarium
and bacterial rot during storage of fifteen days in season 2013 and
2014. Control and positive control (1% K-sorbate) failed to control
the prevalence and severity of Fusarium and bacterial rot. In 2013
(season one), untreated fruits (control) showed 11% - 49% bacterial
rot and 50% - 100% Fusarium rot. However, positive control (1%
K-sorbate) has shown least Fusarium and bacterial disease severity
of 11% - 49% in 2013 (season one) (Fig. 3a). In 2014 (season two),
scale 5 (50% - 100%), and scale 4 (11% - 49%) bacterial disease se-
verity has been observed in control set and positive control set, re-
spectively. However, symptoms of the disease were not observed in

Pseudomonas treated fruits in 2014 (Fig. 3b). The use of biological
control agents at postharvest stage has been considered a successful
environment for the control and minimization of postharvest losses
in fruits and vegetables (DI FRANCESCO et al., 2016).
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Fig. 2A: Effect of fluorescent Pseudomonas species on decay percent of
tomato stored at 23+4 °C with relative humidity in the range of
25-70%
2A = Season 2013, LSDy s = Treatment! = 13.3, Days2 =119
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Fig.2B: Effect of fluorescent Pseudomonas species on decay percent of

tomato stored at 23+4 °C with relative humidity in the range of
25%-70%.

2B = Season 2014, LSDy s - Treatment! = 8.7, Days? = 7.8

'Mean values of bar in graph for treatment showing differences
greater than LSD values are significantly different at p<0.05
2Mean values of bar at different days in graph showing differences
greater than LSD values are significantly different at p<0.05.

Tab. 8: Effect of fluorescent Pseudomonas species on the lycopene content (mg/g) of tomato stored at 23+4 °C with relative humidity in the range of 25% - 70%.

Treatments Season 2013 Season 2014
Storage Period/Days
0D 5D10D 15D 0D 5D 10D 15D

Control 6.98+0.33 11.61+2.24 12.74+1.80 17.32+£2.63 6.67+1.71 11.60+4 12.74+1.81 16.05+.67

1% K-sorbate 6.98+0.33 8.98+1.55 12.65+0.97 18.12+1.71 6.67+1.71 9.11+1.61 12.20£1.17 15.58+1.58
HAB-10 6.98+0.33 9.11+1.60 10.06+0.38 14.31+£2.82 6.67+1.71 8.98+1.55 10.05+0.38 14.30+2.83
HAB-25 6.98+0.33 7.65+0.89 9.32+0.57 13.34+1.73 6.67+1.71 7.31+0.97 8.54+1.25 13.44+£2.70
HAB-15 6.98+0.33 6.67+1.71 8.55+1.25 12.65+1.55 6.67+1.71 7.07+0.46 8.44+1.27 12.65+1.50
LSD0.05 Treatment! = 1.048 Days? = 0.937 Treatment! = 1.239 Days? = 1.108

"Mean values in a column showing a difference greater than the LSD value are significantly different at p=0.05.
2Mean values in a row showing a difference greater than the LSD value are significantly different atp=0.05.
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Fig. 3A: Effect of fluorescent Pseudomonas species on disease severity of
tomato stored at 23+4 °C with relative humidity in the range of
25-70% in season 2013.
A =Control, B =1% K-sorbate,
E =HAB-15
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Fig. 3B: Effect of fluorescent Pseudomonas species on disease severity of
tomato stored at 23+4 °C with relative humidity in the range of
25-70% in season 2014.
A =Control, B =1% K-sorbate,
E =HAB-15

C=HAB-10, D=HAB-25,

Conclusions

The present study has revealed that the surface of healthy fruits and
vegetables harbors beneficial microflora, specifically fluorescent
Pseudomonas species, which can exhibit biocontrol potential against
post-harvest fungal diseases. Epiphytic fluorescent Pseudomonas
species can play a vital role in controlling the compositional changes
of tomato, including total soluble solids, pH, total titratable acidity
and lycopene content with minimum weight loss in tomato stored
at room temperature. Treatments resulted in delayed fungal spoilage
of tomato fruits with less negative changes in fruit quality as com-
pared to the controls, which showed greater compositional changes
with higher loss of quality during storage in season 2013 and 2014.
This study also concluded that tomato postharvest rot caused by
Alternaria spp., Penicillium sp., Fusarium spp., and bacteria can be
managed by using epiphytic fluorescent Pseudomonas suspensions
as alternative and ecofriendly methods. This biologically based strat-
egy deserves further development and application in commercial
production of tomatoes especially in developing countries.
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