( © 2024, Centre for Advanced Research in Agricultural Sciences

Research Journal of Agricultural Sciences

CARAS Volume 15; Issue 03 (May—Jun 2024); pp 854-863

Full Length Research Article

ISSN: 0976-1675 (P)
ISSN: 2249-4538 (E)

Vitamin BiInduced Resistance in Solanum [ycopersicum Linn against

Early Blight Disease

Sharmilee Sivakumar!, Suganthi S? and S. Kavitha*3

1-3 Department of Plant Biology and Plant Biotechnology, Ethiraj College for Women (Affiliated to University of Madras), Chennai -
600 008, Tamil Nadu, India

Received: 12 Mar 2024; Revised accepted: 28 May 2024

Abstract

In contemporary times, elicitors have emerged as a viable solution for managing plant diseases due to their cost-
effectiveness and widespread accessibility. The utilization of vitamins as elicitors presents a pioneering strategy in
combating plant diseases, characterized by its eco-friendly nature. In the current study, vitamin B1 (thiamine) was used
as an elicitor to investigate its effectiveness against early blight (EB) disease in tomato plants (PKM 1 Variety). Thiamine
exhibited notable resistance against EB disease when applied at a concentration of 50 mM, showcasing its potential
efficacy. Induced defense response that includes the accumulation of free radicals (H202 and superoxide anion) and
antioxidant enzymes (superoxide dismutase, peroxidases, catalase and polyphenol oxidase) was observed in thiamine
treated tomato plants. Accumulation of H202 (DAB staining) and superoxide anion (NBT staining) proved to show the
well- established first line of defense against Alternaria solani in elicited tomato plants. The study demonstrated that the
augmentation of defense enzymes resulted in a concomitant decrease in disease symptoms in tomato plants treated

with thiamine, as evidenced by disease scale ratings.
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Solanum lycopersicum Linn. (Family: Solanaceae)
commonly known as Tomato is a best studied and widely
cultivated dicotyledonous plant that has been used as a model
species for research [1-4]. Moreover, it is the world’s second
most consumed vegetable after potato [5-7]. Tomato plants are
affected by various diseases, among which early blight disease
causes 79% of annual economic yield loss [8-9]. EB disease is
one among the most destructive diseases affecting tomato,
decreasing its productivity by 80% [10-11]. The fungal
pathogen, Alternaria solani (Ellis & Martin) Sorauer causes the
most destructive diseases like collar rot on the basal stem of
seedlings, early blight on foliage, lesions on stems of adult plant
and rot on fruits of tomato [12-13].

Early blight disease management of tomato is often done
by the use of fungicide, cultural practices like crop rotation,
burning of infected crops and growing resistant cultivars [14].
However, it is difficult to manage EB disease as the pathogen
isolates  exhibit  well-established variable levels of
pathogenicity and prolonged active disease cycles [15]. Induced
systemic resistance (ISR) is a mechanism wherein plants are
induced or stimulated to express enhanced resistance upon entry
of pathogen [16-18]. ISR is successful in opposition to broad
spectrum of diseases [19]. It is phenotypically correlated with
well- known Systemic acquired resistance (SAR) activated after
the first line of infection by an antipathetic necrotizing pathogen
[20]. Accumulation of ROS in plants is a sign of stress that
causes oxidative damage, inducing the production of
superoxide anion and hydrogen peroxide [21]. Plant cells

respond to stress (biotic and abiotic) by intensifying the ROS
detoxification pathways [22-23]. ROS are detoxified by
antioxidant enzymes manufactured in plants during stress [24].
Such antioxidant enzymes include catalase (CAT), Guaiacol
peroxidase (GPX), Superoxide dismutase (SOD), ascorbate
glutathione  cycle enzymes  (AsS-GSH) such as
monodehydroascorbate reductase (MDHAR),
dehydroascorbate reductase (DHAR), ascorbate peroxidase
(APX) and Glutathione reductase (GR) [25-26].

Elicitors play one of the major roles in induced systemic
resistance in plant [27] and are proved to be successful in plant
systems like grapevine [28] and muskmelon [29]. Several
studies have revealed that vitamins, such as riboflavin (Vitamin
B>) [30] (Dong and Beer 2000), menadione sodium bisulphite
(Vitamin Kj) [31] and thiamine (Vitamin Bi) [32-33] can
trigger defense response against disease in plants, flowers or
fruits [34-35]. Thiamine is well- known for its fundamental part
as a coenzyme in ubiquitous metabolic pathways such as
glycolysis, the tricarboxylic acid cycle, and the pentose
phosphate pathway [36]. Some earlier studies reveal that
thiamine can trigger PR-1 gene expression in tobacco and
induce resistance to Tobacco mosaic virus (TMV) in a Salicylic
acid (SA) dependent manner [37]. The present investigation is
first of its kind to document the effect of Thiamine (Vitamin B1)
as an elicitor against EB disease and the enhancement of
defense mechanism in susceptible tomato plants.

MATERIALS AND METHODS
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Plant material

Solanum lycopersicum (Tomato) seeds susceptible to EB
disease (Periyakulam-1) (PKM1) were obtained from Tamil
Nadu Agricultural University (TNAU) Coimbatore, Tamil
Nadu India. The tomato plants were grown in the pots in a soil
mixture ratio of garden soil, vermiculite and compost (1:1:1)
and regularly watered. These plants were used for elicitor
treatment and pathogen infection after 25 days (Fig 1).

Fig 1 Solanum lycopersicum pre treated with different
concentrations of thiamine and infecte with Alternaria solani
A) Control; B) Thiamine (25 mM) pre treated; C) Thiamine (50 mM) pre
treated; D) Thiamine (75 mM) pre treated; E) A. Solani; F) Thiamine (25
mM) pre treated infected with A. Solani; G) Thiamine (50 mM) pre
treated infected with A. Solani; H) Thiamine (75 mM) pre treated infected
with A. Solani

Fungal culture

The fungal pathogen Alternaria solani (Ellis and Martin)
Sorauer (Accession No. 7114) was obtained from Marina labs,
Chennai and was grown on potato dextrose Agar media for 4
days. Subsequently, fungal mycelial blocks were cut from the
media and transferred onto the surface of corn meal agar media.
The culture was then incubated in dark at 25 °C for 7 days.

Elicitor treatment

Thiamine hydrochloride (SRL chemicals) was used as an
elicitor in this study. Different concentrations (25mM, 50mM
and 75mM) of thiamine were prepared with glass distilled water
and used as test solution in the form of foliar spray. Twenty-
five days old tomato plants of PKM 1 variety with fully
expanded leaves were sprayed until runoff with each elicitor
concentration. Tomato plants sprayed with glass distilled water
were maintained as control.

Pathogen inoculation

After 2 days of elicitor treatment, the leaves of elicitor
treated and control plants were inoculated with the pathogen A.
solani. The leaves were wounded (one wound per leaf) by
making punctures with the help of a sterile needle and a
mycelial block (5mm diameter) of A. solani from the actively
growing PDA culture was placed on each wound. Leaf samples
for enzyme assay were collected at every 12 hours interval up
to 48 hours.

Estimation of protein

Protein quantification was done by the dye binding
method of Bradford [38] using Bovine Serum Albumin (BSA)
as a standard. A mixture of sodium phosphate buffer, distilled
water and Bradford reagent was used as blank. The protein

content in the extract of tomato leaves pretreated with thiamine
was read at 595 nm in spectrophotometer (Shimadzu LMSP-
V325, India). The protein content of the samples was calculated
using a standard graph constructed with BSA.

Histochemical staining of superoxide anion and hydrogen
peroxide

The level of superoxide anion radicals was visually
analyzed using nitro blue tetrazolium chloride (NBT) staining
solution as described by Kumar et al. [39]. The superoxide
anion generated was stained blue. Histochemical staining of
H,O, in the leaf samples was done using 3, 30-
diaminobenzidine (DAB) staining following the method of
Daudi and Brien [40]. The H,O; generated region was stained
brown.

Determination of antioxidant enzymes

Catalase (CAT) assay

Catalase activity was assayed quantitatively following
the method described by Volk and Feierabend [41]. The
increase in absorbance was read at 240 nm (Shimadzu LMSP-
V325, India). The enzyme activity was determined using the
molar extinction co-efficient 36 M-lcm. The catalase activity
was expressed in min mg™ protein.

Guaiacol peroxidase (GPX) assay

Guaiacol peroxidase activity was assayed quantitatively
following the method described by Volk and Feierabend [41].
The increase in absorbance was read at 470 nm (Shimadzu
LMSP-V325, India). GPX activity was expressed in A470 mg™
protein.

NATIVE-PAGE was performed in polyacrylamide slab
(7% (w/v)) separating and (5% (w/v)) stacking gel according to
Davis system [42] for qualitative analysis. The staining method
for guaiacol peroxidase was followed according to Ulmer et al.
[43]. NBT staining of treated and untreated tomato leaves
revealed the presence of superoxide anion which is the first
molecule of defense response at lower concentration. At 24 and
36 h after treatment with thiamine at a concentration of 50 mM,
maximum accumulation of superoxide anion was evident. The
results obtained are similar to the study made by Ge et al. [29]
in Musk melon fruits treated with thiamine as an elicitor.

Ascorbate peroxidase (APX) assay

Ascorbate peroxidase activity was assayed quantitatively
following the method of Volk and Feierabend [41]. The APX
activity was monitored spectrophotometrically at 290 nm
(Shimadzu LMSP-V325, India).

Superoxide dismutase (SOD) assay

Superoxide  dismutase  activity was  assayed
quantitatively following the method described by Beauchump
and Fridovich [44]. The SOD activity was determined by its
reduction of Nitroblue tetrazolium chloride (NBT). The assay
was determined spectrophotometrically at 560 nm (Shimadzu
LMSP-V325, India). The detection of isoforms by extraction of
SOD from the leaves and separation on 7% NATIVE- PAGE
gel under non-reducing condition following the method of
Davis [42] at 4 °C.

Polyphenol oxidase (PPO) assay

PPOs catalyze the O, dependent oxidation of phenols to
quinine, reactive molecules that induce cell death and remain
barriers to secondary infection [45]. The PPO assay was done
by following the method of Brueske [46]. The absorbance was
read at 410 nm at 50 C (Shimadzu LMSP-V325, India). The
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blank reading contains the above except the enzyme extract. For
the detection of isoforms, PPO was extracted from the leaves
and separated on a 7% native PAGE gel under non-reducing
condition following the method of Davis [42] at 4 °C.

Estimation of photosynthetic pigments

The photosynthetic pigments chlorophyll a, chlorophyll
b and total chlorophyll were quantified in the thiamine treated
tomato plants at various concentrations following the method of
Arnon [47].

12.7 (Aes3) - 2.69 (Asas)
ax 1000 x W

Chlorophyll a =

22.9 (Asss) — 4.68 (Ass3)
ax 1000 x W

Chlorophyll b =

20.2 (A645) + 8.02 (Aees)
a x 1000 x W

Total chlorophyll =

Where;
A3 is the absorption maxima for Chlorophyll a
Agss is the absorption maxima for Chlorophyll b

Direct inhibition assay

Agar well diffusion assay was done by following the
method of Perez et al. [48] to check the direct inhibition of
thiamine against A. solani.

Early blight disease assessment
Disease assessment in infected tomato plants from the
different thiamine treatment was recorded by giving a severity
rating of 0-5 following the method of Pandey et al. [49].
Description of disease rating scale (0-5), for early blight
in tomato is given as:

0- Free from infection; 1- <10% surface area covering leaf, stem
and fruit infected by early blight; 2- 11-25% foliage of plant
covered with a few isolated spots; 3- Many spots coalesced on
the leaves, covering 26-50% surface area of plant; 4- 51-75%
area of plants infected, fruits also infected at peduncle end
defoliation and blightening started. Sunken lesions with
prominent concentric ring on stem, petioles and fruits; 5- <75%
area of plant part blighted, severe lesion on stem and fruit
rotting on peduncle end.

Statistical analysis

All the experiments were conducted in triplicates and the
data obtained were subjected to Analysis of Variance
(ANOVA) by two-way method using Microsoft Excel 2010.

RESULTS AND DISCUSSION

Protein quantification

The highest protein content was observed in 75 mM
thiamine pre-treated leaves compared to untreated leaves and
other treatments. Estimation of protein content in thiamine
treated and untreated plants showed that the total protein
content was maximum in plants treated with thiamine at 50 mM
concentration and inoculated with A. solani (Fig 2). The
increase in the protein content may be due to the induction of
antioxidant enzymes in the plant system. In general, during
plant pathogen interaction, there is a modification of protein
structures to activate defense responsible genes [50].

In the enzyme staining activity of guaiacol peroxidase,
superoxide dismutase and polyphenol oxidase prominent bands

were observed in all the thiamine pretreated tomato plants (25
mM, 50 mM and 75 mM concentration). The results of the
enzyme staining in Native-PAGE correlated with the
observations made in quantitative assays.

u Control @25 mM Thiamine

50 mM Thiamine 1475 mM Thiamine

A, solani 25 mM Thiamine + A, solani
g @50 mM Thiamine + A. solani w75 mM Thiamine + A. solani

Protein (mg-1.g-1.6v)

36 hours
Time interval

12 hours

24 hours 48 hours

Fig 2 Protein content in leaves of Solanum lycopersicam pre-
treated with thiamine and infected with Alternaria solani

ROS - Histochemical staining of hydrogen peroxide (DAB
staining)

Accumulation of hydrogen peroxide was
macroscopically detected in the leaves of tomato pretreated
with thiamine and/or infected with pathogen (Fig 3). Thiamine
pretreatment at concentration 25 mM, 50 mM and 75 mM
showed accumulation of hydrogen peroxide at a time interval
of 24 h, 36 h and 48 h. Higher accumulation of hydrogen
peroxide was evident in 50 mM pre-treated leaves at 36 h,
whereas at 24 h the hydrogen peroxide accumulation was
maximum at 75 mM thiamine pre-treated leaves. Notably,
thiamine (50 mM) pre-treated leaves followed by pathogen
infection were recorded to have high accumulation of hydrogen
peroxide at all-time points.

ROS - Histochemical staining of superoxide anion (NBT
staining)

Histochemical analysis was carried out in leaves of
experimental tomato plants. Thiamine pre-treated leaves at 50
mM and 75 mM concentration showed rapid accumulation of
superoxide anion at 24 h, 36 h and 48 h whereas, pathogen alone
infected tomato leaves showed delayed accumulation of
superoxide anion at 36 h and 48 h. In thiamine (25 mM, 50 mM
and 75 mM) pretreated followed by pathogen infected leaves,
there was a rapid accumulation of superoxide anion at 24 h, 36
h and 48 h. Thiamine (25 mM and 75 mM) treatment followed
by pathogen infection recorded maximum accumulation of
superoxide anion only at 36 h. Thiamine pre-treated leaves
followed by pathogen infection showed marked activity at 36 h
(Fig 4).

ROS is the first and foremost response to biotic stress
[51]. It includes H20,, superoxide anion and singlet oxygen.
ROS serves as an important signaling molecule during defense
mechanism though ROS leads to cell death, in lower
concentrations acts as a regulator for plant defense response
[21]. Onset of pathogenic infection on the host plants results in
the increased production of Reactive Oxygen Species which
causes programmed cell death and also confers systemic
resistance. Induced Systemic Response is activated in the host
plant only after the proper stimulus is initiated by the pathogen
and pest entry Thakur et al. [52].
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Fig 3 DAB staining of hydrogen peroxide in tomato leaves pre-
texted with thiamine and infected with A. solani
A) Control; B) Thiamine (25 mM) pre treated; C) Thiamine (50 mM) pre
treated; D) Thiamine (75 mM) pre treated; E) A. Solani; F) Thiamine (25
mM) pre treated infected with A. Solani; G) Thiamine (50 mM) pre
treated infected with A. Solani; H) Thiamine (75 mM) pre treated infected
with A. Solani

Catalase activity (CAT)

The catalase activity (CAT) activity was observed to be
maximum in thiamine (75 mM) pre-treated leaves and untreated
control at 12 h and 24 h respectively, whereas in 36 h and 48 h,
the catalase activity (CAT) activity was maximum in thiamine
(50 mM) pre-treated leaves. The catalase activity of only
pathogen inoculated leaves was recorded to be high at 12 h with
a drastic declination of CAT activity 24 h, 36 h and 48 h. The
catalase activity in the tomato leaves pre-treated with thiamine
(50 mM) followed by pathogen infection was observed to be
significantly maximum at 12 h, 24 h, 36 h and 48 h compared
to other treatments (Fig 5).

Ascorbate peroxidase activity (APX)

At 12 h and 48 h, APX activity was observed to be
significantly high in thiamine (25 mM) pre-treated leaves
compared to untreated control and other treatments. The APX
activity was observed to be maximum in thiamine (50 mM) and
thiamine (75 mM) pre-treated leaves at 24 h and 36 h
respectively. There was a significant increase in the APX
activity in tomato leaves pre-treated with thiamine (75 mM)
followed by pathogen infection at 12 h and 24 h compared to

uControl @23 mM Thiamine
W50 mM Thiamine @75 mM Thiamine
WA, solani 925 mM Thiamine + A solani

W50 mM Thiamine + A, solani 475 mM Thiamine + A solani
16000 -
14000
12000
10000
8000
6000
1000

2000

Specific activity
(Cnit. mg-1 protein)

12 hours 24 howrs 36 hours 48 hours
Time Interval

Fig 5 Catalase activity in leaves of Solanum lycopersicam pre-
treated with thiamine and infected with Alternaria solani

Guaiacol peroxidase activity (GPX)

There was a significant increase in the GPX activity in
tomato leaves pre-treated with thiamine (25 mM) at 12 h
compared to the untreated control. At 36 h and 48 h, the GPX
activity was significantly maximum in thiamine (50 mM) and

12

24

»

36

A

Fig 3 NBT staining of superoxide anion in tomato leaves pre-
texted with thiamine and infected with A. solani
A) Control; B) Thiamine (25 mM) pre treated; C) Thiamine (50 mM) pre
treated; D) Thiamine (75 mM) pre treated; E) A. Solani; F) Thiamine (25
mM) pre treated infected with A. Solani; G) Thiamine (50 mM) pre
treated infected with A. Solani; H) Thiamine (75 mM) pre treated infected
with A. Solani

other treatments. In contrast, at 36 h and 48 h the APX activity
was recorded to be maximum in thiamine (50 mM) pretreated
leaves followed by pathogen infection. Overall, tomato leaves
treated with thiamine (25 mM, 50 mM and 75 mM) followed by
pathogen infection showed increase in APX activity (Fig 6).

Ascorbate peroxidase (APX) is involved in scavenging
hydrogen peroxide to eliminate the damage in host tissues [33].
In the current study, APX was observed to be 3.74 A290 min
'mg ™ at 48 h in 50 mM concentration of thiamine treated tomato
plants. APX activity was induced in tomato leaves significantly
by thiamine treatment.

Antioxidant enzymes are molecules that scavenge
reactive oxygen species to reduce oxidative stress in infected
plants. They include catalase, ascorbate peroxidase, peroxidase,
superoxide dismutase [53]. Thiamine treated Solanum
lycopersicum Linn. var PKM-1 plants were further analyzed for
antioxidant enzymes.

Catalase activity mediating the conversion of H,O; into
water and oxygen plays an important role in reducing oxidative
damage [54]. In the current study, activity of catalase was
significant at p<0.001 in all the time intervals (24 h, 36 h and
48 h) at 50 mM concentration.

uControl 25 mM Thiamine
150 mM Thiamine 975 mM Thianine
A, solani 425 mM Thiamine + A, solani

50 mM Thiamine + A. solani 75 mM Thiamine + A. solani

Activity (A2920. min-1.mg-1)

12 hours 24 hours 36 hours 48 hours
Time interval

Fig 6 Ascorbate peroxide activity in leaves of S. lycopersicam pre-
treated with thiamine and infected with A. solani

thiamine (75 mM) pretreated leaves respectively. The GPX
activity was maximum in thiamine (75 mM) pre-treated leaves
followed by pathogen infection at 12 h. In contrast, GPX
activity was maximum in thiamine (50 mM) pre-treated leaves
inoculated with pathogen at 24 h and 48 h. At 36 h, GPX activity
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was observed to be maximum in thiamine (25 mM) pre-treated
leaves followed by pathogen infection (Fig 7).

Guaiacol peroxidase activity (GPX) was observed to be
significantly elevated (6.07 A470 min*mg™?) at 12 h in 75 mM
concentration and at 24 and 48 h in 50 mM concentration when
compared to control plants. Decreased level of GPX indicates
that thiamine might be involved in the formation of lignin to
control the entry and movement of fungal pathogens in the
system thereby reducing the disease severity [55].

125 mM Thiamine
875 mM Thiamine
25 mM Thiamine + A. solani
75 mM Thiamine + A. solani

u Control

50 mM Thiamine

LA, solani

& 50 mM Thiamine + A. solani

Activity (A470. min-1.mg-1)
O = N W AR VNN 0 D

24 hours
Time interval

12 hours 36 hours 48 hours

Fig 7 Guaiacol peroxide activity in leaves of Solanum
lycopersicam pre-treated with thiamine and infected with
Alternaria solani

Enzyme staining activity of guaiacol peroxidase

A rapid increase in the generation of guaiacol peroxidase
was evident in thiamine pre-treated leaves at 24 h, 36 h and 48
h (Fig 8). The increase in generation of GPX activity was
observed in thiamine pre-treated leaves (25 mM, 50 mM and 75
mM) followed by the pathogen infection whereas only pathogen
infected tomato leaves showed a delayed increase in GPX level
at12 h, 24 hand 36 h. Very prominent and distinct GPX enzyme
bands were observed in thiamine pre-treated leaves followed by
pathogen infection in all time points but only pathogen infected
leaves showed less activity.
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Fig 8 Enzyme activity staining of guaiacol peroxidase of leaves
Solanum lycopersicam pre-treated with thiamine and infected
with Alternaria solani
A- 12 hours; B- 24 hours, C- 36 hours, D- 48 hours
Lane 1- Control; Lane 2- Thiamine (25 mM); Lane 3- Thiamine (50 mM);
Lane 4- Thiamine (75 mM); Lane 5- A. Solani; Lane 6- Thiamine (25 mM) +
A. Solani; Lane 7- Thiamine (50 mM) + A. Solani; Lane 8- Thiamine (75 mM)

+A. Solani

Superoxide dismutase activity (SOD)

SOD activity was significantly maximum in tomato
leaves pre-treated with thiamine (25 mM) at 12 h, whereas in
24 h, SOD activity was maximum in untreated control. In 36 h
and 48 h, the SOD activity was maximum in thiamine (75 mM)

and thiamine (50 mM) pre-treated leaves respectively. The
SOD activity was maximum in thiamine (25 mM) pre-treated
leaves followed by pathogen infection at 24 h. In contrast, SOD
activity was maximum in thiamine (50 mM) pre-treated leaves
inoculated with pathogen at 12 h, 36 h and 48 h. Tomato leaves
pre-treated with thiamine (25 mM, 50 mM and 75 mM)
followed by pathogen infection showed increase in SOD
activity (Fig 9).

= Control ® 25 mM Thiamine

= 50 mM Thiamine u 75 mM Thiamine
mA. solani w25 mM Thiamine = A. solani
# 50 mM Thiamine + A solan: # 75 mM Thiamine + A, solani
0.2
.3 018
gf oe L
TS 0 i 2
ge 012
’gﬁ 0.1
@@ 008
= 006
0.04
0,02
-

36 hours

24 hours

12 hours

Time interval

Fig 9 Superoxide dismutase activity in leaves of Solanum
lycopersicam pre-treated with thiamine and infected with
Alternaria solani

Enzyme staining activity of superoxide dismutase

A rapid increase in the generation of SOD was evident in
thiamine pre-treated leaves at 24 h, 36 h and 48 h (Fig 10). An
increase in the generation of SOD was observed in thiamine
pre-treated leaves (25 mM, 50 mM and 75 mM) followed by the
pathogen infection whereas only pathogen infected tomato
leaves showed rapid increase in SOD level at 12 h and 24 h
whereas, at 36 h and 48 h, it showed less quality of SOD
activity. Thiamine (50 mM and 75 mM) pre-treated leaves
followed by pathogen infection was recorded to show distinct
bands at 24 h, 36 h and 48 h but at 12 h SOD activity was less.
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Fig 10 Enzyme activity staining of superoxide dismutase of leaves
Solanum lycopersicam pre-treated with thiamine and infected
with Alternaria solani
A- 12 hours; B- 24 hours, C- 36 hours, D- 48 hours
Lane 1- Control; Lane 2- Thiamine (25 mM); Lane 3- Thiamine (50 mM);
Lane 4- Thiamine (75 mM); Lane 5- A. Solani; Lane 6- Thiamine (25 mM) +
A. Solani; Lane 7- Thiamine (50 mM) + A. Solani; Lane 8- Thiamine (75
mM) + A. Solani

Polyphenol oxidase activity (PPO)

PPO activity was recorded to be significantly high in
tomato leaves pre-treated with thiamine (50 mM) and thiamine
(75 mM) at 24 h and 36 h respectively. At 12 h and 48 h, the
PPO activity was high in tomato leaves pre-treated with
thiamine (25 mM) compared to the untreated control. The PPO
activity was high in thiamine (75 mM) pre-treated leaves
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followed by pathogen infection at 12 h and 24 h. In contrast,
PPO activity was maximum in thiamine (50 mM) pre-treated
leaves inoculated with pathogen at 36 h and 48 h. The recorded
results reveal that the PPO activity was observed to be maximal
in thiamine pre-treated leaves (25 mM, 50 mM and 75 mM) and
thiamine pre-treated leaves (25 mM, 50 mM and 75 mM)
followed by pathogen infection (Fig 11).

B Control 825 mM Thiamine
u 50 mM Thiamine 8 75 mM Thiamine
B A solani 25 mM Thiamine + A. solani

= 75 mM Thiamine + A. solani

= 50 mM Thiamine + A. solani

0.016
0.014
0.012
0.01
0.008
0.006
0.004 -
0.002

ity

)

Specific activ
(M/mi

24 hours

36 hours
Time interval

12 hours

Fig 11 Polyphenol oxidase activity in leaves of Solanum
lycopersicam pre-treated with thiamine and infected with
Alternaria solani

Fig 12 Enzyme activity staining of polyphenol oxidase of leaves
Solanum lycopersicam pre-treated with thiamine and infected
with Alternaria solani
A- 12 hours; B- 24 hours, C- 36 hours, D- 48 hours
Lane 1- Control; Lane 2- Thiamine (25 mM); Lane 3- Thiamine (50 mM);
Lane 4- Thiamine (75 mM); Lane 5- A. Solani; Lane 6- Thiamine (25 mM) +
A. Solani; Lane 7- Thiamine (50 mM) + A. Solani; Lane 8- Thiamine (75
mM) + A. Solani

Superoxide dismutase is a significant antioxidant
enzyme that converts the anion into hydrogen peroxide and
oxygen thereby reducing the stress induced by free radicals. In
the present study maximum elevation of the enzyme activity
was observed in 50 mM thiamine treated tomato plants. This
was found to be significantly more when compared to the other
treatments and untreated control. Similar observations were
demonstrated in Mentha piperita treated with plant-growth
promoting rhizobacteria [56].

Enzyme staining activity of polyphenol oxidase

There was a rapid generation of PPO in thiamine pre-
treated leaves and untreated control at all time points (Fig 12).
An increase in the generation of PPO was observed in thiamine
pre-treated leaves (25 mM, 50 mM and 75 mM) followed by the
pathogen infection whereas only pathogen infected tomato
leaves showed good activity at 24 h. At 48 h, PPO bands were
found as a trace in only pathogen infected leaves. PPO activity
was evident in all the treatments at all time points compared to
untreated control and pathogen infected leaves.

The increase in polyphenol oxidase will decrease the
disease severity in infected plants. Also, the oxidative reaction
catalyzed by PPO results in fungitoxic polymerization of
quinones that induces an incompatible environment for fungal
growth [55]. The results indicated that PPO activity was greatly
enhanced in all the three concentrations of thiamine treated
tomato plants. However, there was a delayed but higher
induction of PPO in 75 mM thiamine treated tomato plants
when compared to others.

Photosynthetic pigments

Chlorophyll a

In the present study, high amount of chlorophyll a
content was recorded in thiamine (50 mM) pre-treated leaves at
24 h compared to other treatments and untreated control (Fig
13). There was an increase in chlorophyll a content in thiamine
(25 mM) pre-treated leaves followed by pathogen infection at
36 h. Chlorophyll a content was recorded to be minimum in
leaves infected with pathogen at 48 h.

Chlorophyll b

Chlorophyll b content was observed to be maximum in
thiamine (50 mM) pre-treated leaves at 24 h compared to other
treatments and untreated control (Fig 14). There was a
significant increase in chlorophyll a content in thiamine (50
mM) pre-treated leaves followed by pathogen infection at 36
hours, whereas at 48 h maximum chlorophyll b content was
recorded in thiamine pre-treated leaves. Chlorophyll b content
was recorded to be minimal in leaves infected with pathogen at
48 hours.
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Fig 13 Chlorophyll a content of Solanum
lycopersicam pre-treated with thiamine and
infected with Alternaria solani

Fig 14 Chlorophyll b content of Solanum
lycopersicam pre-treated with thiamine and
infected with Alternaria solani

Fig 15 Total chlorophyll content of Solanum
lycopersicam pre-treated with thiamine and
infected with Alternaria solani
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Total chlorophyll

In the present study, high amount of total chlorophyll
content was recorded in 50 mM thiamine pretreated leaves at 12
h compared to other treatments and untreated control (Fig 15).
There was a significant increase in total chlorophyll content in
50 mM thiamine pretreated leaves followed by pathogen
infection at 12 h. In contrast, total chlorophyll content was
recorded to be maximal in 75 mM thiamine pretreated leaves
followed by pathogen infection at 48 h. Total chlorophyll
content was recorded to be minimum in leaves infected with
pathogen at 48 h. Chlorophyll degradation is associated with
over accumulation of ROS and an increased susceptibility to
necrotrophic fungal pathogens [57]. In the current study,
estimation of total chlorophyll content is recorded to be
maximum in 75 mM thiamine treated thiamine tomato plants
infected with Alternaria solani. However, there was a lower
content of the same in pathogen infected tomato plants
untreated with thiamine. This may be due to the severe damages
caused by singlet to the PS I and PS |1 of infected plants [58].

Direct inhibition assay (Agar well diffusion method)

Thiamine (25 mM, 50 mM and 75 mM) did not show
direct inhibition against Alternaria solani in direct inhibition
assay done by agar well diffusion method (Fig 16).

Fig 16 Direct inhibition assay
A) Control; B) 25mM thiamine; C) 50 mM thiamine; D) 75 mM thiamine

Table 1 Disease rating in thiamine treated and control
plants
Treatment

Disease rating

Control

25 mM Thiamine

50 mM Thiamine

75 mM Thiamine

A. solani

25 mM Thiamine + Alternaria solani
50 mM Thiamine + Alternaria solani
75 mM Thiamine + Alternaria solani

POPRPRBM~MOOOO

Morphological studies for disease assessment
The untreated control plants, thiamine pre-treated (25
mM, 50 mM and 75 mM) plants and thiamine pre-treated (50

mM) plants followed by pathogen infection were rated with
scale 0 because these plants were free of early blight symptoms.
Thiamine pre-treated (25 mM and 75 mM) plants followed by
pathogen infection were rated with scale 1 as they showed
limited leaf spots. Only pathogen infected plants were rated
with scale 4 as the 50 % to 60 % of leaf surface were covered
with spots (Table 1, Fig 17).

Blighted
flower

Fig 17 Manifestation of disease symptoms on tomato plants
A) Control; B) Thiamine (25 mM) pre treated; C) Thiamine (50 mM) pre
treated; D) Thiamine (75 mM) pre treated; E) A. Solani; F) Thiamine (25
mM) pre treated infected with A. Solani; G) Thiamine (50 mM) pre
treated infected with A. Solani; H) Thiamine (75 mM) pre treated infected
with A. Solani

In the assays conducted for detecting antioxidant
enzymes, tomato plants that received treatment with 50 mM
concentration of thiamine showed better results than other
treatments and untreated control. The present study did not
reveal the direct effect of thiamine on Alternaria as observed in
well diffusion assay although few research studies proved the
inhibitory effect of thiamine on spore germination [28], [29].
Morphological assessment of early blight disease severity
indicated that the thiamine pretreated tomato plants had a
disease scale of 0-1 when compared to tomato plants infected
with Alternaria of disease scale 3-4 [49]. Severe hypersensitive
response to Alternaria was observed in control tomato plants
whereas the leaves showed no or less symptom when treated
with thiamine. Thus, the results observed demonstrates that
thiamine could be efficiently used for eliciting resistance in
tomato plants against the necrotrophic fungal pathogen
Alternaria causing early blight disease. Further analysis of
defense response pathways is needed to decipher the mode of
disease resistance incurred by thiamine. However, thiamine
could prove to be a promising alternative eco-friendly, cost-
effective disease management strategy to the control of early
blight disease of tomato. Modern methods of protecting plants
with sustainable utilization of elicitors instead of chemicals and
pesticides is the immediate urge to protect the environment and
health of the individual with advanced efficacy [59]. In general,
plants respond to stress of various ranges and defend actively
during pathogen infection. These responses are critical and may
reflect on coping up with necrotizing parasites or pathogen
infection. Acquisition of defense responses can be triggered
prior to infection by a stimulus of pathogen or chemical origin
to overcome the stress resulting in the reduction of disease
incidence [60]. In the present study, Solanum lycopersicum
plants (PKM-1) susceptible variety for early blight triggered for
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induction of defense responses by treatment with thiamine
(Vitamin B,), which plays a major role as enzymatic cofactor in
universal metabolic pathway including glycolysis, pentose
phosphate pathway and tricarboxylic acid pathway [36].
Thiamine was used as an elicitor molecule at a concentration of
25 mM, 50mM and 75 mM as foliar sprays to pre-treat 25 days
old tomato plants for induction of resistance against Alternaria
solani.

CONCLUSION

In conclusion, the study investigated the effects of
thiamine pre-treatment on tomato plants, focusing on its impact
on protein quantification, antioxidant enzyme activities, ROS
accumulation, photosynthetic pigments, and disease resistance
against Alternaria solani, the causative agent of early blight
disease. The results demonstrated that thiamine pre-treatment,
particularly at concentrations of 50 mM and 75 mM,
significantly enhanced various defence mechanisms in tomato
plants. Thiamine pre-treatment led to increased protein content,
likely through the induction of antioxidant enzymes, which play
crucial roles in defence against pathogen attack. Enzyme
staining activities corroborated the quantitative assays, showing
prominent bands in thiamine pre-treated plants. Furthermore,
thiamine pre-treatment resulted in the accumulation of reactive
oxygen species (ROS), particularly hydrogen peroxide and
superoxide anion, which are vital signalling molecules in plant
defence responses. The activities of antioxidant enzymes such
as catalase, ascorbate peroxidase, guaiacol peroxidase,

superoxide dismutase, and polyphenol oxidase were
significantly elevated in thiamine pre-treated plants, indicating
enhanced defence mechanisms against oxidative stress induced
by pathogen infection. These enzymes play crucial roles in
scavenging ROS and reducing oxidative damage in infected
plants. Additionally, thiamine pre-treatment positively
influenced photosynthetic pigment levels, particularly
chlorophyll a, chlorophyll b, and total chlorophyll content,
which are essential for photosynthesis and overall plant health.
The study also evaluated the direct inhibitory effect of thiamine
on Alternaria but did not observe significant inhibition in vitro.
Morphological assessments revealed reduced disease severity
in thiamine pre-treated plants compared to untreated controls,
further indicating the potential of thiamine in enhancing plant
resistance against early blight disease. Overall, the findings
suggest that thiamine can effectively induce resistance
mechanisms in tomato plants against Alternaria, making it a
promising eco-friendly and cost-effective strategy for early
blight disease management. Further studies are warranted to
elucidate the underlying defence pathways activated by
thiamine and to optimize its application for sustainable disease
control in agriculture.

Acknowledgement

The authors would like to thank the Management, Head
of the Department of Plant Biology and Plant Biotechnology
and the central instrumentation Centre of Ethiraj College for
Women for providing instrumentation facilities to complete this
research work.

LITERATURE CITED
1. Gebhardt C. 1991. RFLP maps of potato and their alignment with the homologous tomato genome. Theoretical and Applied

Genetics 83(1): 49-57.

2. Chetelat RT, Ji Y. 2006. Cytogenetics and evolution. In: (Eds) Razdan M. and A. K. Matoo. Genetics Improvement of
Solanaceous Crops. Vol 2: Tomato, Science Publishers, New Dehli, India.
3. Anwar R, Fatima T, Mattoo AK. 2019. Tomatoes: A model crop of solanaceous plants. In: Oxford Research Encyclopedia of

Environmental Science.

4. Shamurailatpam D, Kumar ADESH. 2020. A review on recent methods to control early blight of tomato (Solanum lycopersicum
L.). Plant Cell Biotechnology and Molecular Biology 21(37): 136-148.

5. Foolad MR. 2007. Genome mapping and molecular breeding of tomato. International Journal of Plant Genomics.

6. Adhikari P, Oh Y, Panthee DR. 2017. Current status of early blight resistance in tomato: an update. International Journal of

Molecular Sciences 18(10): 2019.

7. Seymour GB, Rose JK. 2022. Tomato molecular biology—special collection of papers for molecular horticulture. Molecular

Horticulture 2(1): 21.

9. Sreenivasulu R, Reddy MSP, Tomar DS, Sanjay MSS, Reddy BB. 2019. Managing of early blight of tomato caused by Alternaria
solani through fungicides and bioagents. Int. Jr. Curr. Microbiol. App. Science 8(6): 1442-1452.

10. Kumari M, Pandey S, Bhattacharya A, Mishra A, Nautiyal CS. 2017. Protective role of biosynthesized silver nanoparticles
against early blight disease in Solanum lycopersicum. Plant Physiology and Biochemistry 121: 216-225.

11. Khan N, Mishra A, Nautiyal CS. 2012. Paenibacillus lentimorbus B-30488r controls early blight disease in tomato by inducing
host resistance associated gene expression and inhibiting Alternaria solani. Biological Control 62(2): 65-74.

12. Babu S, Seetharaman K, Nandakumar R, Johnson I. 2000. Efficacy of fungal antagonists against leaf blight of tomato caused
by Alternaria solani (Ell. and Mart.). Journal of Biological Control 14(2): 79-81.

13. Singh VP, Khan RU, Devesh Pathak DP. 2018. In vitro evaluation of fungicides, bio-control agents and plant extracts against
early blight of tomato caused by Alternaria solani (Ellis and Martin) Jones and Grout.

14. Upadhyay P, Ganaie SH, Singh N. 2019. Diversity assessment among Alternaria solani isolates causing early blight of tomato
in India. Proceedings of the National Academy of Sciences, India Section B: Biological Sciences 89(3): 987-997.

15. Chohan S, Perveen R, Abid M, Naz MS, Akram N. 2015. Morpho-physiological studies management and screening of tomato
germplasm against Alternaria solani the causal agent of tomato early blight. International Journal of Agriculture and

Biology 17(2).

16. Ryals J, Uknes S, Ward E. 1994. Systemic acquired resistance. Plant Physiology 104(4): 1109.
17. Hammerschmidt R, Kuc J. 2013. Induced Resistance to Disease in Plants (Vol. 4). Springer Science and Business Media.
18. Hammerschmidt R, Yang-Cashman P. 1995. Induced resistance in cucurbits. In: Induced Resistance to Disease in Plants.

Springer, Dordrecht. pp 63-85.

19. Van Loon LC, Van Strien EA. 1999. The families of pathogenesis-related proteins, their activities, and comparative analysis of
PR-1 type proteins. Physiological and Molecular Plant Pathology 55(2): 85-97.

861



20.
21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40

42,

43.

44,

45,

46.
47,

48.

49,

50.

51.

Durrant WE, Dong X. 2004. Systemic acquired resistance. Annu. Rev. Phytopathology 42: 185-209.

Foyer CH, Noctor G. 2005. Redox homeostasis and antioxidant signaling: a metabolic interface between stress perception and
physiological responses. The Plant Cell 17(7): 1866-1875.

Hernandez I, Alegre L, Munné-Bosch S. 2004. Drought-induced changes in flavonoids and other low molecular weight
antioxidants in Cistus clusii grown under Mediterranean field conditions. Tree Physiology 24(11): 1303-1311.

Munné-Bosch S, Pefiuelas J. 2004. Drought-induced oxidative stress in strawberry tree (Arbutus unedo L.) growing in
Mediterranean field conditions. Plant Science 166(4): 1105-1110.

Caverzan A, Casassola A, Brammer SP. 2016. Reactive oxygen species and antioxidant enzymes involved in plant tolerance to
stress. Shanker Ak and Shanker C. Abiotic and biotic stress in Plants-Recent advances and future perspectives. Publisher
InTech. pp 463-480.

Asada K. 1992. Ascorbate peroxidase—a hydrogen peroxide-scavenging enzyme in plants. Physiologia Plantarum 85(2): 235-
241,

Asada K. 2006. Production and scavenging of reactive oxygen species in chloroplasts and their functions. Plant
Physiology 141(2): 391-396.

Barka EA, Lahlali R, Mauch-Mani B. 2022. Elicitors, secret agents at the service of the plant kingdom. Frontiers in Plant
Science 13: 1060483.

Boubakri H, Wahab MA, Chong J, Bertsch C, Mliki A, Soustre-Gacougnolle I. 2012. Thiamine induced resistance to
Plasmopara viticola in grapevine and elicited host—defense responses, including HR like-cell death. Plant Physiology and
Biochemistry 57: 120-133.

Ge YH, Li CY, Lu JY, Zhu DS. 2017. Effects of thiamine on Trichothecium and Alternaria rots of muskmelon fruit and the
possible mechanisms involved. Journal of Integrative Agriculture 16(11): 2623-2631.

Dong H, Beer SV. 2000. Riboflavin induces disease resistance in plants by activating a novel signal transduction
pathway. Phytopathology 90(8): 801-811.

Borges AA, Perez AB, Falcon MF. 2004. Induced resistance to fusarium wilt of banana by menadione sodium bisulphate
treatments. Crop Protection 23: 1245-1247.

Ahn IP, Kim S, Lee YH. 1996. Vitamin B1 functions as an activator of plant disease resistance. Plant Physiology 138(2005):
1505-1515.

YinY,BiY,LiY,Wang Y, Wang D. 2012. Use of thiamine for controlling Alternaria alternata postharvest rot in Asian pear
(Pyrus bretschneideri Rehd. cv. Zaosu). International Journal of Food Science and Technology 47(10): 2190-2197.

Pushpalatha HG, Sudisha J, Geetha NP, Amruthesh KN, Shekar Shetty H. 2011. Thiamine seed treatment enhances LOX
expression, promotes growth and induces downy mildew disease resistance in pearl millet. Biologia Plantarum 55: 522-527.

Mora WHP, Castillejo MA, Novo JJ, Melgarejo LM, Ardila HD. 2024. Thiamine-induced resistance in carnation against
Fusarium oxysporum f. sp dianthi and mode of action studies based on the proteomics analysis of root tissue. Scientia
Horticulturae 323: 112549.

Goyer A. 2010. Thiamine in plants: aspects of its metabolism and functions. Phytochemistry 71(14/15): 1615-1624.

Malamy J, Sanchez-Casas P, Hennig J, Guo AL, Klessig DF. 1996. Dissection of the salicylic acid signaling pathway in tobacco,
Mol. Plant- Microbe Interact 9(1996): 474-482.

Bradford MM. 1976. A rapid and sensitive method for the quantitation of microgram quantities of protein utilizing the principle
of protein-dye binding. Anal. Biochemistry 72: 248-254.

Kumar D, Yusuf MA, Singh P, Sardar M, Sarin NB. 2014. Histochemical detection of superoxide and H.O, accumulation in
Brassica juncea seedlings. Bio-protocol 4(8): €1108.

. Daudi A, O’Brien JA. 2012. Detection of hydrogen peroxide by DAB staining in Arabidopsis leaves. Bio-protocol 2(18): e263.
41.

Volk S, Feierabend J. 1989. Photoinactivation of catalase at low temperature and its relevance to photosynthetic and peroxide
metabolism in leaves. Plant, Cell and Environment 12(7): 701-712.

Davis BJ. 1964. Disc electrophoresis. 1. Method and application to human serum proteins. Ann. NY Academy Science 121(2):
404-427.

Salim AP, Saminaidu K, Marimuthu M, Perumal Y, Rethinasamy V, Palanisami JR, Vadivel K. 2011. Defense responses in
tomato landrace and wild genotypes to early blight pathogen Alternaria solani infection and accumulation of pathogenesis-
related proteins. Archives of Phytopathology and Plant Protection 44(12): 1147-1164.

Ulmer RL, Haskins FA, Akeson WR. 1971. Influence of iron supply on peroxidase activity and peroxidase isozymes in corn
(Zea mays L.). Crop Science 11(6): 816-818.

Brueske CH. 1980. Phenylalanine ammonia lyase activity in tomato roots infected and resistant to the root-knot nematode,
Meloidogyne incognita. Physiological Plant Pathology 16(3): 409-414.

Arnon DI. 1949. Copper enzymes in isolated chloroplasts. Polyphenoloxidase in Beta vulgaris. Plant Physiology 24(1): 1.

Beauchamp C, Fridovich I. 1971. Superoxide dismutase: improved assays and an assay applicable to acrylamide gels. Analytical
Biochemistry 44(1): 276-287.

Pérez C, Agnese AM, Cabrera JL. 1999. The essential oil of Senecio graveolens (Compositae): Chemical composition and
antimicrobial activity tests. Journal of Ethnopharmacology 66(1): 91-96.

Pandey KK, Pandey PK, Kalloo G, Banerjee MK. 2003. Resistance to early blight of tomato with respect to various parameters
of disease epidemics. Journal of General Plant Pathology 69(6): 364-371.

Rejeb IB, Pastor V, Mauch-Mani B. 2014. Plant responses to simultaneous biotic and abiotic stress: Molecular
mechanisms. Plants 3(4): 458-475.

Doke N. 1983. Involvement of superoxide anion generation in the hypersensitive response of potato tuber tissues to infection
with an incompatible race of Phytophthora infestans and to the hyphal wall components. Physiological Plant
Pathology 23(3): 345-357.

862



52. Thakur M, Sohal BS. 2013. Role of elicitors in inducing resistance in plants against pathogen infection: A review. International
Scholarly Research Notices 2013: Article ID 762412. pp 10. https://doi.org/10.1155/2013/762412.

53. Balboa EM, Conde E, Moure A, Falqué E, Dominguez H. 2013. In vitro antioxidant properties of crude extracts and compounds
from brown algae. Food Chemistry 138(2/3): 1764-1785.

54. Benhamou N. 1996. Elicitor-induced plant defence pathways. Trends in Plant Science 1(7): 233-240.

55. Soliman MH, EI-Mohamedy RS. 2017. Induction of defense-related physiological and antioxidant enzyme response against
powdery mildew disease in okra (Abelmoschus esculentus L.) plant by using chitosan and potassium
salts. Mycobiology 45(4): 409-420.

56. Chiappero J, del Rosario Cappellari L, Alderete LGS, Palermo TB, Banchio E. 2019. Plant growth promoting rhizobacteria
improve the antioxidant status in Mentha piperita grown under drought stress leading to an enhancement of plant growth and
total phenolic content. Industrial Crops and Products 139: 111553.

57. Kariola T, Brader G, Li J, Palva ET. 2005. Chlorophyllase 1, a damage control enzyme, affects the balance between defense
pathways in plants. The Plant Cell 17(1): 282-294.

58. Krieger-Liszkay A, Fufezan C, Trebst A. 2008. Singlet oxygen production in photosystem Il and related protection
mechanism. Photosynthesis Research 98(1): 551-564.

59. Jamiotkowska A. 2020. Natural compounds as elicitors of plant resistance against diseases and new biocontrol
strategies. Agronomy 10(2): 173. https://doi.org/10.3390/agronomy10020173

60. Choudhary DK, Prakash A, Johri BN. 2007. Induced systemic resistance (ISR) in plants: mechanism of action. Indian Journal
of Microbiology 47(4): 289-297.

863


https://doi.org/10.1155/2013/762412
https://doi.org/10.3390/agronomy10020173

