Journal of Plant Pathology
https://doi.org/10.1007/542161-024-01673-5

ORIGINAL ARTICLE ——

®

Check for
updates

Assessment of certain plant extracts for controlling potato tuber soft
rot disease caused by Pectobacterium carotovorum subsp. carotovorum

Najeeb M. Almasoudi' - Adel D. Al-Qurashi' - Kamal A. M. Abo-Elyousr'-2

Received: 11 February 2024 / Accepted: 29 May 2024
© The Author(s) under exclusive licence to Societa Italiana di Patologia Vegetale (S.l.Pa.V.) 2024

Abstract

The study aimed to evaluate the effectiveness of three plant extracts (cumin (Cuminum cyminum L.), peel fruit of pome-
granate (Punica granatum), and fruit of black pepper (Piper nigrum L.)), against Pectobacterium carotovorum subsp.
carotovorum (Pcc), a bacterium that causes potato tuber soft rot disease. This disease can result in significant losses to
potato production and affects the quality of potatoes during storage, transit and shipment. To conduct the study, five iso-
lates of the pathogenic bacterium were obtained from naturally infected potato tubers. According to the in vitro screening,
the most virulence isolate Pcc2 was molecularly identified using 16S rRNA gene partial sequencing. Three plant extracts
(cumin, pomegranate, and black pepper), were tested for their antibacterial activity against the bacterium using in vitro
experiments. The results showed that all the three plants extract exhibited inhibition of the bacterial growth. Among the
three-plant extract, pomegranate was found to have the best inhibitory effect on the bacterium (0.92 cm inhibition zone).
Based on the findings of the in vitro experiments, the use of all extract at a concentration of 50 mg was recommended for
controlling the soft rot disease in potato tubers during storage conditions. The data demonstrated that pomegranate extract
was on the first ranking with bacterial growth reduction percentage estimated (1.4 mm), followed by cumin extract with
growth reduction estimated (0.92). The data revealed that all of the tested plant extracts were able to reduce the severity
of the disease. Of all the extracts, pomegranate extract showed the highest reduction in disease severity (91.3%). It is evi-
dent that the treatments with pomegranate, black pepper, and cumin consistently led to an increase in total phenol content
over the course of 21 days. Treatments with methanolic extract of pomegranate, black pepper, and cumin lead to varying
degrees of increased peroxidase (PO), polyphenol oxidase (PPO) and phenylalanine ammonia-lyase (PAL) activities over
the course of the experiment. The data shows that the effectiveness of these treatments generally increases with time. In
conclusion, the study showed that all plants extract tested herein has the potential to control potato tuber soft rot disease,
which is a major problem affecting potato production.

Keywords Antibacterial - Soft rot disease - Plant extract - Peroxidase - Polyphenol oxidase - Phenylalanine ammonia-
lyase

Introduction

Potato (Solanum tuberosum) is one of the world’s most
important staple crops, serving as a valuable source of
nutrition and sustenance for billions of people (Rabia et al.
?;ﬁit;olfd%rl?:jzﬁsa 2018). The reduced rate of potato production may occur

D within different conditions such as field, transit, storage
and marketing. These factors, along with favorable envi-
ronmental conditions and infected tuber seeds, make the
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bacterial pathogen responsible for causing bacterial soft rot
disease (Abd-Elgahny et al. 2022). This pathogen poses a
significant threat to potato production worldwide, resulting
in substantial economic losses and food security concerns
(Sulaiman et al. 2020).

P. carotovorum subsp. carotovorum is a highly destruc-
tive pathogen known for its ability to rapidly break down
plant cell walls, leading to the characteristic soft rot symp-
toms in potato tubers. The bacterium’s capacity to survive
in soil and on plant debris, as well as its wide host range,
make it a challenging target for disease management strate-
gies (Doolotkeldieva et al. 2016). Soft rot disease of potato
tubers caused by Pcc causes great reduction in yield, result-
ing in economic losses in the field during transit and storage
causing losses up to 60% (Mantsebo et al. 2014).

In recent years, there has been a growing interest in
exploring eco-friendly and sustainable approaches to com-
bat plant pathogens, with a particular focus on the use of
plant extracts with antimicrobial properties (Abo-Elyousr
et al. 2020; Hossain et al. 2019). Natural plant compounds
have gained attention due to their potential to control various
plant diseases while minimizing the negative environmental
impacts associated with synthetic chemical pesticides.

Various plant extracts derived from different parts of
plants, such as roots, barks, seeds, shoots, leaves, and fruits,
have been the subject of investigation regarding their anti-
bacterial properties against plant pathogenic bacteria, as
highlighted in studies conducted by da Silva et al. (2016);
Purushotham and Anupama (2018) and Abo-Elyousr and
Bagy (2019). There has been a notable upsurge in the exam-
ination of these plant extracts’ antimicrobial potential, par-
ticularly for the purpose of controlling plant diseases, with
a special focus on bacterial infections, as observed in the
research by Mangalagiri et al. (2021).

The utilization of plant extracts to induce phenol con-
tent and enhance antioxidant enzyme activity holds prom-
ise in the realm of plant disease management. When plants
are subjected to stressors such as pathogenic infections,
they often respond by increasing their phenol content as
a defense mechanism (Ibrahim and Abo-Elyousr 2023).
Plant extracts, derived from various botanical sources, can
amplify this natural response by providing a supplemen-
tary source of phenolic compounds. These phenols act as
phytoalexins, inhibiting the proliferation of pathogens and
protecting plants from further damage (Sallam et al. 2021).
Furthermore, the plant extracts can also encourage the
activity of antioxidant enzymes within the infected tissues,
thereby mitigating oxidative stress and limiting the extent of
cellular damage caused by the disease. This dual approach
not only aids in disease resistance but also contributes to the
overall health and vitality of plants, offering a sustainable
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and eco-friendly means of managing plant diseases in agri-
culture and horticulture.

This research aims to address the urgent need for effec-
tive and environmentally friendly solutions to control bacte-
rial soft rot in potatoes. We present an evaluation of several
plant extracts, chosen for their known antimicrobial proper-
ties, as potential alternatives for managing P. carotovorum
subsp. carotovorum infections.

Materials and methods
Isolation of the causal pathogen

Naturally infected potato tubers with soft rot symptoms
were collected from different localities inside Assiut, Egypt.
For soft rot bacterial causal pathogen isolation, the infected
potato tubers washed several times with running tap water
(H,O) and soaked in sodium hypochlorite (NaOCl) solution
1% for 2 min, then washed twice using sterilized water sur-
face sterilized of the tubers that could interfere with isolation
process. After that, they cut into small portions including
both healthy and infected tissues; small portion of diseased
tissues homogenized in sterilized water in clean and sterile
petri dish to make sample suspension. Then a loopful of the
resultant suspension streaked over plates supplemented with
solid sterilized medium “nutrient sucrose agar” (NSA) as
recommended by Dowson (1957). The plates incubated at
27-29°C for 48 h and examined for bacterial growth devel-
opment. A single colony from each streaking was selected
for pure culture maintenance onto sterilized slants supple-
mented with the mentioned medium and stored in refrigera-
tor at 4 °C for subsequent studies.

Pathogenicity tests
Preparation of bacterial suspension

Bacterial suspension of each tested isolate was prepared
by growing the pure bacterial culture in 100 ml sterilized
liquid medium nutrient sucrose broth (NSB), then incuba-
tion at 27 +2 C for 48 h on a rotary shaker at 150 rpm. The
resultant bacterial suspension was centrifuged at 7000 rpm
for 3 min. After that, the pellet was resuspended in steril-
ized water and the bacterial suspension was adjusted to be
1x10® cfu/ml using spectrophotometer (Milton Roy com-
pany—Spectronic 20D) / at wavelength 620 nm as followed
by McGuire and Kelman (1984).
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Test for soft rotting

Health potato tubers (Cara cultivar) underwent surface steril-
ization using a 1% solution of sodium hypochlorite (NaOCI)
to eliminate any potential interference from other microor-
ganisms that could compromise the pectinolytic activity of
the tested isolates. A sterile cork-borer was then employed
to create a hole in each tuber, measuring 1 cm in depth and
0.5 cm in width. Subsequently, approximately 200 ul of a
exactly adjusted suspension (1x10® cfu/ml) derived from
48-hour-old bacterial cultures was introduced into the base
of each hole. The openings were then sealed with the potato
plugs that were initially removed. The treated tubers were
carefully placed in sterile plastic containers supplemented
with sterile moist cotton and subjected to incubation at a
constant temperature of 27 +2°C for 96 h. Following the
incubation period, the treated tubers were halved to facili-
tate an examination of any rotting by the method outlined
by DeBoer and Kelman (1978). In control tubers, the bacte-
rial suspension was replaced with sterilized distilled H,O.
This experimental procedure was repeated twice, with five
replicates for each tested isolate, ensuring robustness and
reliability in evaluating the isolates’ impact.

Disease severity assessment

Disease severity of the soft rot disease (weight loss) was
estimated mathematically using the equation of Yaganza et
al. (2004), as follow:

Twi; — Twse

Disease Severity Index % (DSI) = T X 100
Wy

Where: Tw, =Total weight of tuber.
Tw, =Total weight of tuber without rotting tissue.

Identification of the pathogenic bacteria

The most effective pathogenic bacterial isolate was chosen
for identification by 16s rRNA sequencing, based on a pre-
vious experiment (pathogenicity test).

In vitro study, control of potato soft rot disease by plant
extract

The purpose of that experiment is to make a comparative
assessment of the antibacterial activity made by differ-
ent plant extract (cumin, pomegranate, and black pepper)
against bacterial soft rot pathogen P. carotovorum subsp.
carotovorum in vitro. Various concentrations of the tested
plant extract (0, 10, 20, 30, 40 and 50 pg/ml) and the anti-
bacterial activity was evaluated.

Preparation of bacterial suspension

The bacterial suspension of P. carotovorum subsp. caroto-
vorum isolate Pcc2 with the highest value of disease sever-
ity prepared as mentioned before.

Preparation of plant extracts

Three plant species, namely fruit cumin (Cuminum cyminum
L.), peel fruit of pomegranate (Punica granatum), and fruit
of black pepper (Piper nigrum L.), were collected from vari-
ous locations within Assiut, Egypt and Jeddeh city, Saudi
Aribia. Fruit of Cumin and Black pepper and the fruit peel
of pomegranate were also utilized. To prepare the methano-
lic extracts, the collected plant materials were first air-dried
at room temperature for duration of 15 days. Subsequently,
they were finely powdered using a grinder. The maceration
process involved mixing these powdered plant materials
with an 80:20 methanol: water solution, maintaining a sam-
ple-to-solvent ratio of 1:10 w/v. The mixture was subjected
to continuous shaking for three days at room temperature.
Following maceration, the materials were filtered through
two layers of cheesecloth and Whatman No. 1 filter paper.
The resulting filtrates were combined, concentrated using a
rotary evaporator (Hidolph VV2000), and then subjected to
freeze-drying using a Telstar-LyoQuest plus-55 lyophilizer.
The yield of the extract was calculated, and the final product
was stored in opaque glass tubes at —20 °C, as described by
Somda et al. (2007).

Kirby-Bauer disc diffusion method

The Kirby-Bauer disc diffusion method Hafez et al. (2014)
was used to assess the antibacterial activity efficacy of three
plant extracts fruit cumin, peel fruit of pomegranate, and
fruit of black pepper. In this method, 200 pl of adjusted sus-
pension (1x 10%cfu/ml) 48 h-old cultures of tested isolate
Pcc2 were spread over 9 cm in width sterile Petri plates
supplemented with sterilized nutrient sucrose agar and after
drying different concentration of tested plant extract (0, 10,
20, 30, 40 and 50) were pipetted into 9 mm punched. After 2
days from cultivation at 27 °C, inhibition zones in cm were
measured. Four replicates were used for each treatment. The
experiment was carried out four times for each concentra-
tion and repeated twice for accuracy.

Storage conditions against P. carotovorum subsp.
carotovorum

This experiment applies to evaluate the efficacy of three

plant species, cumin, peel fruit of pomegranate, and fruit
of black pepper, to suppress soft rot disease caused by P.
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carotovorum subsp. carotovorum (Pcc2). The method was
carried out in 2 parts, treated tubers, and control tubers.
Firstly, treated potato tubers were immersed in 10 pg/ml of
each plant extract for 15 min, and then left until complete
moisture dryness. Secondly, control tubers were submerged
in sterilized distilled H,O. Treated potato tubers were inoc-
ulated with 200 pl of adjusted suspension (1x 10%cfu/ml)
at 27-29°C of P. carotovorum subsp. carotovorum Pcc2,
unlike control tubers inoculated with 200 ul sterilized dis-
tilled water. Both treated and control tubers kept in clean
sterilized plastic containers supplemented with sterile moist
cotton with incubation at optimum temperature 27-29 °C for
96 h for soft rot evolution. Disease assessment was recorded
as demonstrated by Saleh et al. (1996).

Induction of enzymes and phenol contents in potato tuber

The effect of three plant extracts on biochemical changes of
inoculated potato plants by Pcc3 were studied under storage
conditions. Samples were collected, at zero time and at 7,
15, and 21 days after treatment for determined of total phe-
nol contents, flavonoid and enzyme activities.

Determination of total phenol contents
Preparation of samples

To prepare the sample, one gram of potato plant tuber was
first homogenized using liquid nitrogen and then thoroughly
mixed with 10 ml of 80% methanol. This mixture was sub-
sequently subjected to centrifugation at 1000xg for 30 min
at a temperature of 4°C. After centrifugation, the result-
ing pellet was discarded following the addition of ascorbic
acid at a concentration of 0.1 g/5 ml. The homogenate was
then evaporated utilizing a rotary evaporator, maintaining a
temperature of 65 °C, with this process being repeated three
times, each iteration lasting 5 min. The residues obtained
were dissolved in 5 ml of 80% methanol. It is important
to note that each treatment was conducted in quadruplicate,
following the methodology described by Rapp and Ziegler
(1973).

Total phenols content

The quantification of phenolic content was conducted
according to the protocol outlined by Sahin et al. (2004).
To prepare the reaction mixture, 0.02 ml of the methanol
extract was combined with 0.5 ml of Folin reagent, 0.75 ml
of a 20% Na,COj; solution, and 8 ml of water. This mixture
was then incubated for 60 min at a temperature of 37°C
in a water bath. A negative control was established using
methanol. The determination of total phenolic content was
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carried out spectrophotometrically at 767 nm, expressed as
milligrams per gram of plant fresh weight, with gallic acid
serving as the standard for calibration. Total phenols con-
tent=mg gallic acid/g plant material.

Enzymes activity

To assess the activity of enzymes, including peroxidase (Po),
polyphenol oxidase (PPO), phenylalanine ammonia-lyase
(PAL), one gram of fresh potato plant leaves was subjected
to cryogenic treatment using liquid nitrogen. The resulting
frozen material was homogenized in 10 ml of 0.1 M Na-
acetate buffer with a pH of 5.2. Following homogenization,
the mixture was subjected to centrifugation at 1000xg for
duration of 30 min at a temperature of 4 °C, and the enzyme
activities were subsequently determined in the supernatants.
Each treatment was conducted in quadruplicate to ensure
the accuracy and reliability of the results.

Total protein assays

The total protein content of potato plants was determined
according to the method described by Bradford (1976)
using Bradford reagent prepared as follows: 100 mg Coo-
massie Brilliant Blue G-250 was gently dissolved in 50 ml
ethanol (95%), 100 ml of 85% H;PO, were added and the
mixture was completed to 1000 ml by distilled water. The
reagent was filtered and preserved at 4 °C until use.

100 pl sample was mixed gently with 900 pl Bradford
reagent and incubated for 15 min at room temperature. Pro-
tein content was assayed spectrophotometrically at 595 nm
using bovine serum albumin as standard.

Peroxidase activity (PO)

Peroxidase activity was determined following the method
described by Putter (1974). Spectrophotometric analysis
was employed, utilizing guaiacol as the substrate. The reac-
tion mixture consisted of 0.2 ml of the supernatant, 1 ml of
0.1 M Na-acetate buffer with a pH of 5.2, 0.2 ml of 1% guai-
acol, and 0.2 ml of 1% H,0,. This mixture was incubated at
a temperature of 25 °C for duration of 5 min and then mea-
sured at 436 nm. The extraction buffer served as the blank
for calibration purposes. Enzyme activity was subsequently
calculated based on the change in absorbance and expressed
as units of enzyme activity per 1 mg of protein.

Polyphenol oxidase (PPO) activity
Polyphenol oxidase (PPO) activity was assessed according

to the method outlined by Batra and Kuhn (1975). The reac-
tion mixture consisted of 0.5 ml of the supernatant, 2 ml of
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50 mM Sorensen phosphate buffer with a pH of 6.5, and
0.5 ml of the substrate Bren catechol from Sigma Aldrich.
This reaction mixture was placed in a water bath, main-
tained at a temperature of 37°C, and allowed to incubate
for a period of 2 h. After incubation, the absorbance of the
reaction mixture was measured at 410 nm to determine PPO
activity. This assay provides valuable insights into the enzy-
matic activity of PPO in the sample. Activity of PPO=0D
at 410 nm/mg protein.

Phenylalanine ammonia-lyase (PAL) activity

Phenylalanine ammonia-lyase (PAL) activity was assessed
following the method described by Silva et al. (2004). The
reaction mixture consisted of 0.5 ml of the supernatant,
2 ml of 50 mM Na-borate/HCI buffer with a pH of 8.8, and
mercaptoethanol, along with 1 ml of 60 mM phenylalanine.
This mixture was then incubated at a temperature of 37°C
for a duration of 2 h. The determination of PAL activity was
carried out spectrophotometrically using a Unican UV spec-
trophotometer, with optical density measured at 290 nm.
Cinnamic acid was employed as the standard for calibra-
tion, allowing for the quantification of PAL activity in the
sample. This assay provides valuable insights into the enzy-
matic activity of PAL, an important enzyme in the phenyl-
propanoid pathway. PAL activity =mM cinnamic acid/mg
protein.

Statistical analysis

Data were subjected to statistical analysis using analysis of
variance using the Statistical Analysis System, (SAS Insti-
tute Inc. 1996), and means were compared using LSD test
according to Gomez and Gomez (1984).

Results
Pathogenicity test on potato slices

Five isolates were obtained from naturally diseased potato
tubers and were used to identify their pathogenic ability on
healthy potato slices. The results of repeated pathogenicity
tests showed that all of these isolates were pathogenic and
able to produce typical soft rot symptoms with a range of
severity from strong to weak. Isolates No. 2 and 5 showed
highest diseases followed by isolate No. 1. The lowest dis-
ease was recorded by isolate No. 3 and 4. The results of
the pathogenicity test on the tubers are presented in Table 1.
From this results isolates No. 2 (Pcc2) was selected to com-
plete the following experiments.

Table 1 Disease severity index of selected bacterial soft rot isolates

Isolate numbers Disease severity %

1 25¢
2 45
3 20°
4 22¢
5 40°

Values in the column followed by different letters indicate significant
differences among treatments according to a least significant differ-
ences test (P=0.05)

Identification of pathogens

According to the in vitro screening, the most virulence iso-
late Pcc2 was molecularly identified using 16S rRNA gene
partial sequencing. The obtained sequence was submitted
to GenBank under accession number MT510006. A phylo-
genetic analysis was performed using the maximum likeli-
hood method in BLAST pairwise alignments. The isolate
was identified as Pectobacterium carotovorum with 100%
identity and 99% query coverage (Fig. 1).

Control of potato soft rot causal pathogen by
different plant extracts (in vitro study)

Results showed that the tested pomegranate extract
revealed more bactericidal activity on soft rot causal patho-
gen Pcc2 than other extract. The data demonstrated that
pomegranate extract was on the first ranking with bacte-
rial growth reduction percentage estimated (1.4 mm), fol-
lowed by Cumin extract with growth reduction estimated
(0.92 mm). The result of this experiment was recorded in
Fig. 2; Table 2.

Evaluation of cumin, pomegranate, and black
pepper extracts on soft rot disease under storage
conditions

Table 3 presented data that showed the ability of various
plant extracts to reduce the severity of the potato tuber dis-
ease. The data revealed that all of the tested plant extracts
were able to reduce the severity of the disease. Of all the
extracts, pomegranate extract showed the highest reduc-
tion in disease severity (91.3%). This indicates that pome-
granate extract was particularly effective in reducing the
impact of the disease on potato tubers. Following pome-
granate extract, the cumin and black pepper extracts also
showed a reduction in disease severity (89.2 and 76.2%
respectively).
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Fig. 1 Phylogenetic analysis of
the pathogenic isolate identified
as Pectobacterium carotovorum
(accession number MT510006)
according to the 16S rRNA gene
sequence database was performed
using the neighbor-joining
method in BLAST pairwise
alignments
53

s6 | Pectobacterium carotovorum CEBP2046
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Pectobacterium carotovorum subsp. carotovorum NR 116047
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—Mli Pectobacterium betavasculorum NR 118291
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A

Fig. 2 Effect of certain plant extracts on inhibition of pathogen growth,

pepper

Effect of certain plant extracts on total phenol
contents, peroxidase activity, polyphenol oxidase
and phenylalanine ammonia-lyase activities in
inoculated potato plants with Pectobacterium
carotovorum subsp. carotovorum

Total phenol contents

Figure 3 presents a comprehensive dataset on the total phe-
nol contents in different plant treatments at various time
points, which is valuable for understanding the impact of
these treatments on phenolic compound production. It is
evident that the treatments with P. granatum (pomegran-
ate), P. nigrum (black pepper), and C. cyminum (cumin)
consistently led to an increase in total phenol content over
the course of 21 days. P. granatum gradually increases total
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Pectobacterium parmentieri NR 153752

Pectobacterium wasabiae NR 026047
80 i Pectobacterium wasabiae CFBP 3304 NR 118293
48 Pectobacterium wasabiae CFBP 3304 NR 118294

D

A positive control (Streptomycin), B pomegranate, C cumin, and D black

phenol contents, peaking at 15 days with a value of 4.3 mg
Gallic acid/g fresh weight. This suggests a positive influ-
ence of the treatment on phenolic compounds over time.
Similarly, P. nigrum and C. cyminum show an increasing
trend, reaching maximum values of 3.76 and 3.03 mg Gallic
acid/g fresh weight, respectively, at 21 days.

Peroxidase activity

The data presented in Fig. 4 highlights the impact of spe-
cific plant extracts on peroxidase activity in potato plants
that have been inoculated with P. carotovorum subsp. caro-
tovorum. Observing the data, we discern distinct dynamics
in peroxidase activity within the treatments. C. cyminum,
P. nigrum, and P. granatum exhibit a progressive increase
in peroxidase activity over the experimental period. C.
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Table 2 Effect of methanolic extracts of fruit cumin (Cuminum cymi-
num L.), peel fruit of pomegranate (Punica granatum), and fruit of
black pepper (Piper nigrum L.), on inhibition of pathogen growth

Treatments Concentration of tested Inhibi-
treatments tion zone
diameter
(cm)
Cuminum cyminum 10 ppm 0.0
20 ppm 0.3¢f
30 ppm 0.5°
40 ppm 0.7¢
50 ppm 0.92¢
Piper nigrum 10 ppm 0.0"
20 ppm 0.6°
30 ppm 0.94
40 ppm 1.1°
50 ppm 1.4°
Punica granatum 10 ppm 0.0"
20 ppm 0.3°f
30 ppm 0.4°f
40 ppm 0.7¢
50 ppm 1.4
Streptomycin Methanol 1.0 mg/ml 2.0%
extract 1:10 wiv 0.01h

Values in the column followed by different letters indicate significant
differences among treatments according to a least significant differ-
ences test (P=0.05)

Table 3 Evaluation of methanloic extracts of fruit cumin (Cuminum
cyminum L.), peel fruit of pomegranate (Piper granatum), and fruit
of black pepper (Punica nigrum L.), on soft rot diseases under storage
conditions

Treatments Diseases index Disease reduction %
Cuminum cyminum 7.00° 89.2

Piper nigrum 15.46° 76.2

Punica granatum 5.66° 91.3

Control healthy 0.04 -

Control infected 65.0* -

*Means with the same letter vertically are not significantly different
according to Duncan’s multiple range test at level of (P <0.05)

cyminum, for instance, peaks at 15 days with a value of 4
units/mg protein.

Polyphenol oxidase activity

Figure 5 presents data on the polyphenol oxidase activity in
potato plants inoculated with P. carotovorum subsp. caro-
tovorum (Pcc2) and treated with different plant extracts.
Polyphenol oxidase activity is measured in units per milli-
gram of protein at four different time points: 0 days, 7 days,
15 days, and 21 days after treatment application. Analyz-
ing the data reveals distinct trends in polyphenol oxidase
activity across treatments and time points. C. cyminum, P.
nigrum, and P. granatum show variations in polyphenol oxi-
dase activity, with P. granatum exhibiting the highest mean

activity of 0.3375 units/mg protein. Notably, P. nigrum sig-
nificantly increases activity at 21 days, reaching 0.41 units/
mg protein.

Phenylalanine ammonia-lyase activity

Figure 6 includes data for three different plant extracts
(P. granatum, P. nigrum, C. cyminum) as well as infected
and healthy control groups. PAL activity is observed to
vary significantly in response to treatments and infection.
The values are provided for each time point, measured in
an appropriate unit. Upon examination of the data, distinct
patterns in PAL activity emerge across treatments and time
points. C. cyminum, P. nigrum, and P. granatum show sub-
stantial variations in PAL activity, with P. granatum exhibit-
ing the highest mean activity of 92.3425 mg cinnamic acid/
mg protein. C. cyminum and P. nigrum also display note-
worthy increases, particularly at 15 and 21 days.

Discussion

In an effort to address this issue, a study was conducted to
evaluate the pathogenicity and virulence of different bacte-
rial isolates in relation to soft rot in potato tubers. The results
showed that only 15 isolates were identified as pathogenic,
capable of causing soft rot symptoms, and demonstrated
varied levels of virulence. These results aligned with those
found by previous researchers in the field, including Ismail
and Moustafa (2012), Ashmawy et al. (2015), Czajkowski
et al. (2015), Shmas et al. (2016), and Azaiez et al. (2018).

The identity of the most pathogenic isolate was con-
firmed through 16S rRNA gene sequence. These methods
were found to be effective in identifying Pectobacterium
ssp., which was consistent with the results of previous stud-
ies such as those by Ngadze et al. (2012), Ashmawy et al.
(2015), Shmas et al. (2016), and Benada et al. (2018).

Additionally, the study evaluated the effect of differ-
ent plant extracts, including P. nigrum (black pepper), P.
granatum (pomegranate) and C. cyminum (cumin), on the
suppression of soft rot in potato tubers during storage condi-
tions. The results showed that these plant extracts exhibited
antibacterial activity against P. carotovorum subsp. caroto-
vorum, with pomegranate extract causing complete suppres-
sion of the disease. These results were consistent with those
found by Abo-Elyousr and Bagy (2019).

The results of the study on the antibacterial activity of
different plant extract on P. carotovorum subsp. caroto-
vorum showed that each extract had a different impact on
bacterial growth reduction. This is in line with the findings
reported by Abo-Elyousr and Bagy (2019). The researchers
specifically tested the effect of pomegranate, black pepper,
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Fig. 3 Effect of certain plant extracts on total phenol contents in inoculated potato plants with Pectobacterium carotovorum subsp. carotovorum
after storage at 21 days. Values are the mean of three replicates + standard deviation (SD)
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and cumin at a concentration of 50 pg/ml on the suppression
of potato tuber soft rot during storage conditions.

In conclusion, plant extracts have been proven to be
effective in controlling soft rot disease. These natural rem-
edies have been shown to have antibacterial properties that
can effectively inhibit the growth and spread of soft rot-
causing pathogens.

One notable trend observed in the data is the consis-
tent increase in total phenol content in plants treated with
P granatum (pomegranate), P. nigrum (black pepper), and
C. cyminum (cumin). This suggests that these specific treat-
ments have a positive effect on stimulating the production of
phenolic compounds in the plants. Interestingly, the infected
control group also exhibited an increase in phenol content,
albeit at a lower rate compared to the treated groups. This
observation indicates a natural response to infection, sug-
gesting that plants may activate their phenolic compound
production as a defense mechanism against pathogens
(Tuladhar et al. 2021). This finding aligns with existing lit-
erature on the role of phenols in plant defense mechanisms,
highlighting their importance in the response to stressors
such as infections (Rahman et al. 2022). The observed
increase in phenol content in response to specific treatments
suggests potential avenues for enhancing the production of
these bioactive compounds in plants. Additionally, the natu-
ral response of the infected control group and the baseline
provided by the healthy control group contribute to a com-
prehensive understanding of the factors influencing pheno-
lic compound production in plants (Rashid et al. 2023).

Understanding the dynamics of PPO activity in inocu-
lated potato plants provides insights into the molecular and
biochemical mechanisms employed by the plant to coun-
teract the effects of P. carotovorum subsp. carotovorum.
Monitoring changes in PPO activity over time and in dif-
ferent treatments can contribute to a more comprehensive
understanding of the plant’s defense strategies and aid in
the development of strategies to enhance plant resistance
to bacterial pathogens (Ujjainkar et al. 2022; Sulman et al.
2001; Silva et al. 2004).

PAL activity is a crucial indicator of the plant’s defense
mechanisms, specifically in response to infection by P. car-
otovorum subsp. carotovorum. The significant variability in
PAL activity is across the different treatments and control
groups. PAL is an enzyme involved in the phenylpropanoid
pathway, and its increased activity is often associated with
the synthesis of phenolic compounds, which play a vital role
in plant defense against pathogens (Solekha et al. 2020).
The cumulative effect of the treatments is highlighted by
the more pronounced increase in PAL activity at later time
points. This implies that the impact of these plant extracts
on PAL activity is not immediate but unfolds progres-
sively, potentially suggesting a sustained and cumulative

@ Springer

enhancement of the plant’s defense mechanisms (You et
al. 2020). The temporal dynamics observed in PAL activ-
ity underscore the importance of considering the duration of
treatments in understanding their full effects on the plant’s
biochemistry.

Overall, this study highlights the importance of address-
ing the issue of soft rot in potato production, as it negatively
impacts the quality and quantity of this crucial crop in KSA.
The results provide valuable insights into the pathogenicity
and virulence of different bacterial isolates, as well as the
potential for using plant extract as a means of suppressing
the disease.
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