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ABSTRACT

Potato scab disease, caused by Streptomyces scabies, is a significant bacterial disease affecting potato
production worldwide. This study investigated the effect of calcium carbonate (CaCOs) on S. scabies
pathogenicity and the physiological response of potato plants under greenhouse conditions. Potato plants
(cv. Diamond) were grown in soil inoculated with S. scabies strain E21 with and without CaCO; (5 g/kg
soil). Plant growth parameters, disease incidence and severity, and biochemical responses were evaluated.
Results showed that CaCOs amendment increased disease severity from 31.15% to 45.35% and disease
incidence from 91.68% to 100%, though not statistically significant. CaCO; treatment significantly
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Key words: Potato increased tuber weight (107.5 g vs. 88.5 g) and root dry weight (1.05 g vs. 0.45 g) but decreased shoot dry
scab, Streptomyces weight and_ root length. Biochemical_analyseg, revealed that CaCOs ame_ndment enhanced antioxidant
scabies calcium  €nzyme activities (SOD and CAT) while reducing H202, MDA, and phenolic compound levels at both 30

' and 60 days after planting. These findings suggest that while CaCO3z may increase disease severity by
cgrbonate (CaCQ3), creating favorable conditions for S. scabies, it simultaneously enhances plant defense mechanisms,
disease SeVerity,  particularly the enzymatic antioxidant system. This study provides insights into the complex interactions

antioxidant enzymes. between soil amendments, pathogen virulence, and plant physiological responses, with implications for

integrated management of potato scab disease.

INTRODUCTION

Potato scab is one of the important bacterial
diseases affecting potato crops worldwide, caused
by Streptomyces scabies, a soil-dwelling bacterium
that attacks potato tubers causing surface
deformities and corky lesions that reduce the
marketable value of the crop (Dees et al., 2023).
Streptomyces scabies belongs to the actinomycetes
group, which are gram-positive bacteria
characterized by the formation of branched mycelia
and the production of conidial spores (Lerat et al.,
2009). This bacterium is considered an
economically significant plant pathogen due to its
ability to persist in soil for extended periods and
infect multiple crops from the Solanaceae family
and others (Bignell et al., 2014).

The economic impact of potato scab disease is
substantial, with recent studies indicating that it
causes significant losses to potato growers
worldwide (Khalil et al., 2025; Arseneault et al.,
2021). The disease primarily affects the quality
rather than the quantity of the yield, making infected
tubers less marketable due to their unappealing
appearance (Wanner and Kirk, 2015). According to
Dees and Wanner (2012), the annual economic
losses attributed to potato scab disease can reach
millions of dollars in major potato-producing
regions.
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Environmental factors play a crucial role in the
development of potato scab disease, as soil
characteristics such as pH, moisture content, and
organic matter affect the severity of infection
(Keinath and Loria, 1989). S. scabies prefers
alkaline soil with a pH range of 5.5-7.0, and the
severity of infection increases in alkaline soils
(Lacey and Wilson, 2001). Studies have indicated
that increasing calcium carbonate (CaCQj3) content
in soil can affect the spread of pathogens and the
severity of potato scab disease (Lambert and
Manzer, 1991).

Calcium carbonate is an important chemical
compound in soil that affects its physical and
chemical properties, especially pH. Calcium
carbonate raises the soil pH, making it more alkaline
(Brady and Weil, 2008). Lambert and Manzer
(1991) reported that liming of low pH soils
increases the severity of common scab of potato
caused by S. scabies. This relationship between
calcium, soil pH, and disease severity has been
further supported by recent research (McLeod et al.,
2024), which found that the application of
calcareous materials to potato-growing soils resulted
in increased symptoms of common scab.

Plants respond to pathogen infection through
multiple defense mechanisms, including the
production of antioxidant enzymes such as catalase
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(CAT), superoxide dismutase (SOD), and
peroxidase (POD), as well as the accumulation of
phenolic compounds and defensive proteins
(Mittler, 2002). These defensive responses are
affected by the environmental conditions
surrounding the plant, including soil characteristics
and mineral content (Sharma et al., 2012). Recent
studies have shown that antioxidant enzyme
activities in potato plants are significantly altered in
response to pathogen infection (Wang et al., 2019;
Liuetal., 2023), with SOD, POD, and CAT playing
crucial roles in controlling reactive oxygen species
(ROS) and serving as important markers of plant
stress resistance.

The primary and immediate response of plants to
pathogens is the overproduction of reactive oxygen
species (ROS) at the site of infection (Qi et al.,
2023). Plants have evolved an efficient antioxidant
system that includes enzymes such as SOD, CAT,
POD, and APX to scavenge ROS and avoid
oxidative damage (Wang et al., 2019). The balance
between ROS production and antioxidant defense
mechanisms is critical for determining the outcome
of plant-pathogen interactions (Mittler, 2002).

Given the importance of understanding the
relationship between soil calcium carbonate content,
S. scabies pathogenicity, and the physiological
response of potato plants, this study aimed to
evaluate the effect of adding calcium carbonate on
the severity of potato scab disease and on the
physiological response of potato plants by
measuring antioxidant enzyme activity, phenolic
compound content, and total protein content, in
addition to its effect on vegetative and root growth
of plants.

MATERIALS AND METHODS

1. Isolation and ldentification of Streptomyces
scabies

Streptomyces scabies isolate was isolated from
potato tubers showing symptoms of common scab
disease following the method described by Wanner
(2009). The infected tubers were cleaned with
running water and their surface was sterilized using
1% sodium hypochlorite solution for 3 minutes, then
washed with sterile distilled water three times.
Samples were taken from the infected tissues and
cultured on International Streptomyces Project
medium (ISP4) to prevent the growth of other
bacteria and fungi, as recommended by Loria et al.
(2006). The plates were incubated at 28+2°C for 7-
10 days.

The suspected bacterial colonies were purified
and identified based on  morphological,
physiological, and biochemical characteristics
according to standard methods described by Shirling
and Gottlieb (1966) and Bergy's Manual of
Determinative Bacteriology (Holt et al., 1994).
Isolate E21, which showed the typical

characteristics of S. scabies, was selected for use in
subsequent experiments.
2. Experimental Design

The experiment was conducted in a greenhouse
using 5 kg plastic pots. The soil was sterilized by
heat treatment at 121°C for one hour to eliminate
any pathogens, following the method described by
Wanner and Kirk (2015). The experiment included
three treatments: soil inoculated with Streptomyces
scabies (isolate E21) without the addition of
calcium carbonate; soil inoculated with S. scabies
(isolate E21) with calcium carbonate added at a rate
of 5 grams per kilogram of soil; and a control
treatment in which the soil was not inoculated with
S. scabies.

The bacterial inoculum was prepared by growing
isolate E21 on ISP4 Broth for 7 days at 28+2°C, as
described by Loria et al. (2006). The inoculum
concentration was adjusted to 10® colony-forming
units/ml using sterile distilled water, following the
method of Wanner (2009). The soil was inoculated
with the bacterial inoculum at a rate of 50 ml per pot
in the first and second treatments.

"Diamond" variety potato tubers, disease-free
and uniform in size, were planted in the pots at a
rate of one tuber per pot. The plants were watered
regularly to maintain soil moisture at field capacity.
The experiment was implemented using a
Completely Randomized Design (CRD) with three
replicates per treatment, as recommended by Gomez
and Gomez (1984).

2.1. Measurements and Analyses
2.1.1. Plant Characteristics

Plant characteristics were measured 60 days
after planting, following the standard methods
described by Struik et al. (1989). The measured
parameters included the number of tubers per plant,
tuber weight (g), root dry weight (g), shoot dry
weight (g), root fresh weight (g), shoot fresh weight
(9), root length (cm), and shoot length (cm).

2.1.2. Evaluation of Potato Scab Disease

Potato scab disease was evaluated at harvest by
calculating both disease incidence (DI%) and
disease severity (DS%). Disease incidence was
determined as the percentage of infected tubers out
of the total number of tubers, following the method
described by Wanner and Kirk (2015). Disease
severity was estimated using a scale from 0 to 5,
where 0 indicates no infection, 1 indicates 1-10% of
the tuber surface infected, 2 indicates 11-25%, 3
indicates 26-50%, 4 indicates 51-75%, and 5
indicates more than 75% of the tuber surface
infected, according to the method of Loria et al.
(2006). The severity percentage was calculated
using the equation: DS% = [X(infection degree X
number of tubers in each degree) / (highest infection
degree x total number of tubers)] x 100.

2.1.3. Plant Chemical Response
Samples of plant leaves were taken after 30 and
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60 days of planting to estimate various biochemical
parameters following established protocols. Catalase
enzyme activity (CAT) was estimated according to
Aebi's method (1984) by measuring the rate of
H,O, decomposition at a wavelength of 240 nm.
Superoxide dismutase enzyme activity (SOD) was
estimated according to Beauchamp and Fridovich's
method (1971) by measuring the enzyme's ability to
inhibit the reduction of nitro blue tetrazolium (NBT)
at a wavelength of 560 nm. Peroxidase enzyme
activity (POD) was estimated according to
Hammerschmidt et al.'s method (1982) by
measuring the rate of guaiacol oxidation at a
wavelength of 470 nm. Total phenolic compounds
content (TPC) was estimated using Folin-Ciocalteu
reagent according to Singleton and Rossi's method
(1965). Malondialdehyde level (MDA), as an
indicator of lipid peroxidation, was estimated
according to Heath and Packer's method (1968).
Hydrogen peroxide content (H»,O,) was estimated
according to Velikova et al.'s method (2000).
Polyphenol oxidase enzyme activity (PPO) was
determined following the method described by
Mayer et al. (1965). Total protein content was
estimated using Bradford's method (1976).

Enzyme extract was prepared by grinding 0.5 g
of fresh leaves in 5 ml of phosphate buffer solution
(pH 7.0) in an ice bath, then centrifuging at 10000
rpm for 20 minutes at 4°C, as described by Sharma
et al. (2012). The supernatant was used to estimate
enzyme activity and total protein content.

3. Statistical Analysis

Data were statistically analyzed using Analysis
of Variance (ANOVA) and means were compared
using Least Significant Difference (LSD) test at a
significance level of 0.05, following the methods

described by Gomez and Gomez (1984). CoStat
statistics (CoHort software, version 6.45) was used
to perform statistical analyses.

RESULTS

1. Morphological, Physiological, and Biochemical

Characteristics of Streptomyces scabies

The results of the morphological, physiological,
and biochemical identification of isolate E21
showed that it belongs to Streptomyces scabies
(Table 1). The isolate was characterized by the
presence of spiral hyphae and long cells, and was
able to hydrolyze starch, casein, and gelatin, and use
different carbon sources such as glucose, sucrose,
and maltose.

2. Effect of Calcium Carbonate on Plant

Characteristics

The results indicated in Table 2 showed that
adding calcium carbonate to soil inoculated with S.
scabies led to improvement in some plant
characteristics compared to inoculated soil without
calcium carbonate addition. A significant increase in
tuber weight was observed from 88.5 g in the first
treatment (E21) to 107.5 g in the second treatment
(E21+CaCO0s). A significant increase in root dry
weight was also observed from 0.45 g to 1.05 g, and
a significant decrease in shoot dry weight from 4.85
gto3.6g.

For root length, a significant decrease was
observed from 51 cm in the first treatment to 32 cm
in the second treatment, while there was no
significant difference in shoot length between the
two treatments. A decrease in the number of tubers
from 6 tubers in the first treatment to 5.333 tubers in
the second treatment was also observed, but this
decrease was not significant.

Table 1: The morphological, physiological, and biochemical characteristics of Streptomyces scabies

strain E21
Characteristic Streptomyces scabies strain E21
Shape of cell Spiral hyphae
Size of cell Long
Color of spores Grey
Gram staining ve+
Starch hydrolysis +
Casein hydrolysis +
Gelatin liquefication +
Carbon usage
Glucose +
Sucrose +
Maltose +
Crystal violet (0.5pg/ml) -
Growth with:
5% NacCl -
6% NacCl -
7% NacCl -
CaCOs3 +
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Table 2: Effect of calcium carbonate on vegetative and yield characteristics of potato plants inoculated

with Streptomyces scabies strain E21

Treatments Sh. Ro. Sh. Sh. Ro. T. T.
Length Length  WeightF WeightF WeightD WeightD Weight  Number
(cm) (cm) (@ (@ (@ @ @
E21 36.5° 512 47.5° 5b 4.852 0.45° 88.5¢ 62
+3.5 +0 +5.5 +0 +0.05 +0.35 +1.5 +1
E21+CaCO3 30.5° 320 50.333P 6.5% 3.6 1.052 107.5° 5.333?
+3.5 +5 +4.041 +0.5 +0.7 +0.25 +12.5 +0.577
Control 432 30.166° 71.5% 8.666° 5.566% 0.9% 159.52 72
+1.732 +1.258 +6.5 +2.309 +0.550 +0.2 +6.5 +2
LSD 6.048 5.947 10.871 2.725 1.029 0.547 16.343 2.663

Treatments include: E21 (inoculated soil without
CaCO03), E21+CaCO; (inoculated soil with 5 g
CaCO3 per kg of soil), and Control (non-inoculated,
non-amended). Parameters measured include shoot
length (Sh. Length), root length (Ro. Length), shoot
fresh weight (Sh. Weight.F), root fresh weight (Ro.
Weight.F), shoot dry weight (Sh. Weight.D), root
dry weight (Ro. Weight.D), tuber weight (T.
Weight), and number of tubers (T. Number). Values
represent means + standard deviation (SD). Means
followed by different letters within a column are
significantly different at P < 0.05 according to LSD
(Least Significant Difference) test.

3.3. Effect of Calcium Carbonate on Potato Scab

Disease

As shown in Table 3, the addition of calcium
carbonate to soil inoculated with S. scabies resulted
in an increase in disease incidence (DI%) from
91.68% to 100%; however, this difference was not
statistically significant. An increase in disease
severity (DS%) from 31.15% in the first treatment
to 45.35% in the second treatment was also
observed, but this increase was also not statistically
significant.

Treatments include: E21 (inoculated soil without
CaCO03), E21+CaCO; (inoculated soil with 5 g
CaCOg; per kg of soil), and Control (non-inoculated,
non-amended). Disease incidence (D1%) and disease
severity (DS%) were recorded at the end of the
greenhouse experiment. Values represent means +
standard deviation (SD). Means followed by
different letters within a column are significantly
different at P < 0.05 according to the LSD (Least
Significant Difference) test.

3.4. Effect of Calcium Carbonate on Plant
Chemical Response after 30 Days of Planting
According to Table 4, the addition of calcium

carbonate to soil inoculated with S. scabies
significantly affected the chemical responses of
potato plants after 30 days of growth. A significant
increase in total protein content from 195.140
pg/mL in the first treatment to 197.070 pg/mL in
the second treatment, a significant increase in
superoxide dismutase enzyme activity (SOD) from
80.637 to 89.889 uM/g FW, and a significant
increase in catalase enzyme activity (CAT) from
2771 to 2903 pM/g FW were observed.
Meanwhile, a significant decrease in hydrogen
peroxide content (H,O,) from 22.817 uM/g FW in
the first treatment to 21.484 uM/g FW in the second
treatment, a significant decrease in malondialdehyde
level (MDA) from 0.036 to 0.010 uM/g FW, and a
significant decrease in total phenolic compounds
content (TPC) from 48.375 to 36.416 mg GAE/g
were observed. There was no significant difference
in peroxidase enzyme activity (POD) and
polyphenol oxidase enzyme activity (PPO) between
the two treatments.

Treatments include: E21 (inoculated soil without
CaC03), E21+CaCO; (inoculated soil with 5 ¢
CaCOg3; per kg of soil), and Control (non-inoculated,
non-amended). Catalase activity (CAT), superoxide
dismutase activity (SOD), peroxidase activity
(POD), total phenolic  content (TPC),
malondialdehyde content (MDA), polyphenol
oxidase activity (PPO), hydrogen peroxide levels
(H20,), and total protein content (T. Protein).

Table 3. Pathogenicity test of Streptomyces scabies (strain E21) in potato tubers with and without
calcium carbonate amendment under greenhouse conditions

Treatments DS% DI1%
E21 31.15° 91.68?
+3.15 +8.3
E21+CaCOs 45,352 1002
+18.65 +0
Control Qb oP
+0 +0
LSD 21.817 9.631
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Table 4: Comparative biochemical responses of potato (cv. Diamond) to Streptomyces scabies E21
infection with and without calcium carbonate amendment at 30 days post-planting

Treatments CAT SOD POD TPC MDA PPO H20: T. Protein
(uM/g  (uM/g  (UM/g (mg (uM/g  (uM/g  (uM/g (Mg/mL)
FW) FW) FW) GAElg) FW) FW) FW)
E21 2.771°  80.637° 4.844* 48375 0.036* 0.249® 22.817°  195.140°
+0 +0.106 +0.004 +1.875 +0.001 +0.001 +0.173 +0.303
E21+CaCOs 2.903% 89.889° 4.805° 36.416° 0.010° 0.273° 21.484>  197.070°
+0.043 +0.183 +0.004 +2.009 +0.001 +0.001  +0.1 +0.303
Control 2.761° 83.823° 4593 96.833* 0.015° 1.000° 19.976°  195.491°
+0.023 +0.318  +0.049 +0.721  +0.002 +0.500  +0.200 +0.303
LSD 0.057  0.441  0.057 3277 0003 0576  0.327 0.607

Values are presented as means + standard deviation

(SD). Different letters within a column indicate

statistically significant differences at P < 0.05,

based on the LSD (Least Significant Difference)

test.

3.5. Effect of Calcium Carbonate on Plant
Chemical Response after 60 Days of Planting
The results presented in Table 5 demonstrate that

the addition of calcium carbonate to soil inoculated

with S. scabies significantly altered the chemical

responses of potato plants 60 days after planting. A

significant decrease in total protein content from

199.175 pg/mL in the first treatment to 198.298

pg/mL in the second treatment, a significant

increase in superoxide dismutase enzyme activity

(SOD) from 84.057 to 85.869 uM/g FW, and a

significant increase in catalase enzyme activity

(CAT) from 2.807 to 3.375 uM/g FW were

observed.

A significant decrease in hydrogen peroxide
content (H,O;) from 20.44 uM/g FW in the first
treatment to 17.020 uM/g FW in the second
treatment, a significant decrease in polyphenol
oxidase enzyme activity (PPO) from 0.288 to 0.267
uM/g  FW, a significant  decrease in
malondialdehyde level (MDA) from 0.018 to 0.010
UM/g FW, a significant decrease in total phenolic
compounds content (TPC) from 185.583 to 181 mg
GAE/g, and a significant decrease in peroxidase
enzyme activity (POD) from 4.342 to 3.764 uM/g

FW were also observed.

Treatments include: E21 (inoculated soil without
CaC03), E21+CaCO; (inoculated soil with 5 g
CaCOs; per kg of soil), and Control (non-inoculated,
non-amended). Catalase activity (CAT), superoxide
dismutase activity (SOD), peroxidase activity
(POD), total phenolic  content  (TPC),
malondialdehyde content (MDA), polyphenol
oxidase activity (PPO), hydrogen peroxide levels
(H20,), and total protein content (T. Protein).
Values are presented as means + standard deviation
(SD). Different letters within a column indicate
statistically significant differences at P < 0.05,
based on the LSD (Least Significant Difference)
test.

DISCUSSION

This study aimed to evaluate the effect of adding
calcium carbonate to soil on the pathogenicity of
Streptomyces scabies causing potato scab disease
and the physiological response of potato plants.
Adding calcium carbonate at a rate of 5 grams per
kilogram of soil led to significant changes in plant
characteristics and chemical response, in addition to
its effect on the severity of potato scab disease.

Experimental data revealed that incorporating
calcium carbonate into soil inoculated with S.
scabies improved some plant characteristics,
especially tuber weight and root dry weight.

Table 5: Comparative biochemical responses of potato (cv. Diamond) to Streptomyces scabies E21
infection with and without calcium carbonate amendment at 60 days post-planting

Treatments CAT SOD POD TPC MDA PPO H20: T. Protein
(MM/g  (uM/g  (uM/g (mg M/g (uM/g  (uM/g (Mg/mL)
FW) FW) FW)  GAE/g) FW) FW) FW)

E21 2.807° 84.057° 4.342° 185583 0.018° 0.288"  20.44 199.175°
0.008+ 0.627+ 0.004+ 0.360+  0.001% 0+ 0.100+ 0.303+

E21+CaCO; 3.375° 85.869° 3.764° 181° 0.010°  0.267°  17.020 198.298"
0.017+ 0.362+ 0.007+ 0+ 0+ 0+ 0.265+ 0.303+

Control 3.461° 81.159° 4.031" 113.291°  0.028*  0.302%  6.469° 192.859°
0.035+  0.181+ 0+ 0.360+ 0+ 0.001+ 0.173+ 0.303+

LSD 0.046  0.861  0.010 0.588 0.001  0.001  0.384 0.607
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Such improvement can be attributed to calcium
carbonate's ability to adjust soil pH and enhance the
availability of nutrients like calcium and
magnesium, consequently promoting plant growth
and productivity (Brady and Weil,
2008).Additionally, calcium plays a crucial role in
strengthening plant cell walls and enhancing plant
resistance to environmental and biological stresses
(Hepler, 2005). Conversely, a decrease in root
length and shoot dry weight was observed in plants
grown in soil with added calcium carbonate. This
reduction might stem from increased soil alkalinity
resulting from calcium carbonate addition, which
can negatively affect the absorption of nutrients
such as iron, manganese, and zinc, thereby
impacting the plant's vegetative growth (Marschner,
2012). Furthermore, the heightened severity of
potato scab disease in calcium carbonate-amended
soil may induce plant stress and diminish vegetative
growth, as suggested by Wanner and Kirk (2015).

Analysis of disease progression indicated that
adding calcium carbonate to soil inoculated with S.
scabies increased the incidence and severity of
potato scab disease, although this increase was not
statistically significant. These observations align
with previous studies by Lambert and Manzer
(1991) and McLeod et al. (2024), who demonstrated
that S. scabies thrives in alkaline soil and that
elevated soil pH intensifies potato scab disease
severity. The underlying mechanism for this
phenomenon involves calcium carbonate raising soil
pH and creating a more alkaline environment, which
provides favorable conditions for S. scabies growth
and reproduction while enhancing its pathogenicity
(Lacey and Wilson, 2001). Moreover, increased soil
alkalinity may affect the availability of certain
nutrients essential for plant disease resistance,
rendering the plant more susceptible to infection
(Marschner, 2012). Scientific literature suggests that
the optimal soil pH for S. scabies growth ranges
from 5.5-7.0 and reducing soil pH below 5.2 can
mitigate potato scab disease (Keinath and Loria,
1989). Various studies have demonstrated that
incorporating acidic materials such as sulfur into the
soil can reduce potato scab disease by lowering soil
pH (Pavlista, 2005).

Laboratory analyses demonstrated that calcium
carbonate addition to S. scabies-inoculated soil
triggered significant changes in plant chemical
responses after 30 and 60 days of planting. Notable
changes included increased antioxidant enzyme
activity such as superoxide dismutase (SOD) and
catalase (CAT), alongside decreased hydrogen
peroxide content (H,O,), malondialdehyde level
(MDA), and total phenolic compounds content
(TPC). These biochemical indicators suggest that
calcium carbonate may help plants combat oxidative
stress resulting from S. scabies infection by

enhancing antioxidant enzyme activity. SOD and
CAT enzymes function to eliminate reactive oxygen
species (ROS) such as superoxide radical and
hydrogen peroxide, thereby reducing oxidative
damage to plant cells (Mittler, 2002). Such findings
correspond with research by Wang et al. (2019) and
Liu et al. (2023), who documented significant
alterations in antioxidant enzyme activities in potato
plants responding to stress conditions.

Reduced MDA levels, an indicator of lipid
peroxidation, point to decreased oxidative damage
to plant cell membranes in calcium carbonate-
treated soil (Heath and Packer, 1968). Similarly,
lower H,O, content indicates enhanced plant
capacity to eliminate reactive oxygen species, as
proposed by Sharma et al. (2012). In contrast, plants
grown in calcium carbonate-amended soil exhibited
decreased total phenolic compounds content (TPC).
This reduction may result from increased
antioxidant enzyme activity diminishing the need
for phenolic compound accumulation as a defense
mechanism against oxidative stress (Dixon and
Paiva, 1995). Such observations correspond with
findings by Qi et al. (2023), who reported that plants
employ multiple defense mechanisms when
responding to pathogen infection.

Regarding peroxidase enzyme activity (POD),
no significant difference emerged between
treatments after 30 days of planting, while a
significant decrease in activity was observed after
60 days in plants grown in calcium carbonate-
amended soil. This decline may be attributed to
increased SOD and CAT enzyme activity reducing
the need for POD enzyme in H,O, elimination
(Mittler, 2002).

The study uncovered a relationship between
plant chemical response and potato scab disease
severity. Increased disease severity in plants grown
in calcium carbonate-amended soil coincided with
elevated antioxidant enzyme activity (SOD and
CAT) and decreased H,O, content and MDA levels.
This correlation indicates that plants respond to S.
scabies infection by enhancing defense mechanisms,
particularly the enzymatic antioxidant system
(Mittler, 2002). Calcium carbonate may enhance
this response by providing calcium, an essential
element  regulating numerous physiological
processes in plants, including responses to
biological stresses (Hepler, 2005). Alternatively,
decreased total phenolic compounds content (TPC)
in plants grown in calcium carbonate-amended soil
may indicate that plants rely more heavily on
enzymatic antioxidant systems rather than phenolic
compounds as a defense mechanism against S.
scabies infection (Dixon and Paiva, 1995).
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CONCLUSION

Based on the results of this study, it can be
concluded that adding calcium carbonate to soil
inoculated with S. scabies affects the pathogenicity
of the bacterium and the physiological response of
potato plants. Adding calcium carbonate leads to
increased severity of potato scab disease, but at the
same time, enhances defense mechanisms in the
plant, especially the enzymatic antioxidant system.
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