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ABSTRACT

Ascochyta blight (Ascochyta rabiei) is a significant fungal disease that affects chickpea
crops all around the world. Synthetic fungicides, which have harmful environmental
effects, are commonly used to control the disease. Alternatively, various plant extracts
have been explored for disease management. In this study, the antifungal activity of
cedar tar, its potential to control the disease, and its disease prevention mechanism in
chickpeas were evaluated. The antifungal activity results indicated that whereas 10%,
25%, and 50% cedar tar application doses had an inhibitory effect greater than 50%
but were harmful to the plant, 1% and 5% cedar tar application doses suppressed
mycelial growth by less than 50%. Therefore, doses of 0.5 %', 1 %, and 2 %were
selected to determine the disease prevention potential of cedar tar at different
application times. Cedar tar treatment applied 72 hours before Ascochyta rabiei
inoculation effectively prevented disease development in chickpea plants. This
treatment also decreased MDA content, indicating the membrane was protected from
pathogen attack. These results suggest that cedar tar can be considered an effective
bio-fungicide formulation for future integrated pest management programs.

Keywords: Ascochyta blight, Ascochyta rabiei, Cedrus libani, Cicer arietinum
0z

Ascochyta yanikligl (Ascochyta rabiei), diinya capinda nohutu etkileyen 6nemli bir
fungal hastaliktir. Zararlh ¢evresel etkileri olan sentetik fungisitler hastaligin
kontroliinde yaygin olarak kullanilmaktadir. Alternatif olarak hastalik yonetimi icin
cesitli bitki ekstraktlari arastirilmaktadir. Bu c¢alismada sedir katraninin antifungal
aktivitesi, hastaligi kontrol etme potansiyeli ve nohutta hastalik 6nleme mekanizmasi
degerlendirilmistir. Antifungal aktivite sonuglari, sedir katraninin %1 ve %5'lik
uygulama dozlarinin misel gelisimini %50'den daha az engelledigini, %10, %25 ve
%50'lik dozlarin ise %50'den daha buyik bir inhibisyon etkisine sahip oldugunu ancak
bitki icin toksik oldugu gortlmistir. Bu nedenle farkh uygulama zamanlarinda sedir
katraninin hastaliklari 6nleme potansiyelini belirlemek igin %0,5, %1 ve %2'lik dozlar
uygulanmistir. Ascochyta rabiei asilamasindan 72 saat 6nce uygulanan sedir katrani
uygulamasi nohut bitkilerinde hastalik gelisimini etkili bir sekilde ©onlemistir. Bu
uygulma ayni zamanda MDA icerigini de azalttigl; bu da zarin patojen saldirisindan
korundugunu gostermistir. Sonuglar, sedir katraninin gelecekteki entegre miicadele
yonetimi programlari igin etkili bir biyo-fungusit olarak degerlendirilebilecegini
gostermektedir.

Anahtar Kelimeler: Nohut yanikligi, Ascochyta rabiei, Cedrus libani, Cicer arietinum
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Introduction

The self-pollinating legume chickpea (Cicer
arietinum L.) has been farmed for generations in
the Mediterranean, Central America, South
America, the Far East, and the Near East.

Approximately 10% of cropland worldwide is
used for legumes. Chickpeas (Cicer arietinum L.)
are among the most commonly farmed legumes,
behind common beans (Phaseolus vulgaris L.) and
peas (Pisum sativum L.) (FAO 2023; Igbal et al.
2006). It can be produced in a variety of climates,
including subtropical, temperate, desert, and
semiarid areas, in at least fifty countries. (Jukanti
et al. 2012; Zhang et al. 2020). ChiEmail:ckpea
occupies 17.8 million hectares of farmland,
15%
production, with an annual output of 17.2 million

representing over of global legume
tonnes. India contributes approximately 72% of
global chickpea production, with other major
producers including Turkey, the USA, Canada,
Australia, and Mexico. In 2022, global chickpea
imports reached approximately 1.89 million
tonnes, while exports amounted to approximately
2.05 million tonnes (FAO 2023).

Chickpea production is affected by numerous
phytopathogenic factors, with more than 50
pathogens known to affect yield and quality at
various levels. Ascochyta blight, which is brought
on by Ascochyta rabiei, is one of the most serious
biotic (Pass.) Labr.

(Teleomorph Didymella rabiei (Kov.) v. Arx). Crop

hazards to chickpeas.
losses were recorded as early as the 1930s, and
the illness was first mentioned in 1867. Over the
following two decades, Ascochyta blight and its
studied by

including

associated losses have been
researchers from various countries,
Morocco, Bulgaria, Greece, Pakistan, and Spain
(Deokar et al. 2019; Nene 1982; Salotti et al.
2021).

To blight,

research groups are currently striving to create

manage Ascochyta numerous

disease-resistant genotypes or select resistant
ones using a variety of breeding techniques
(Gayacharan et al. 2020). However, the genetic
of rabiei is

basis resistance to Ascochyta
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extremely complex (Sharma et al. 2016), and the
chickpea gene pool is known to be quite limited
(Toker 2021; Tekin 2018).
Furthermore, breeding efforts been

et al et al
have
hampered by the pathogen's great genetic variety
(Kumar et al. 2020; Gayacharan et al. 2020). It has
been noted that despite the development of
cultivars with a certain degree of resistance to
this pathogen, fungicides are still required to
control Ascochyta blight (Kurt et al. 2008; Rani et
al. 2020). However, fungicides may occasionally
have more negative effects on the environment
than positive effects.

The antimicrobial and antifungal properties of
various plant extracts, such as monoterpenoids,
sesquiterpenoids, and hydrocarbons, obtained
from cedar (Cedrus libani), have been tested
against various plant pathogens (Kizil et al. 2002;
Kurt et al. 2008 Ghanem and Olama 2014; Takci et
2021; Venditti et al. 2020). Among these

extracts, cedar tar (CT) is known as a byproduct of

al.

the distillation of the dry, resinous wood of the
Taurus cedar species at high temperatures (Kurt
and Istk 2012; Kurt el al. 2008). It has a wide range
of applications ranging from controlling harmful
insects, pathogenic fungi, and bacteria to
combating various parasites (Kurt et al. 2008;
Takci et al. 2021). It has been reported that CT
can exhibit protective effects against a wide range
of pathogenic organisms (Kurt and Isik 2012; Kurt
et al. 2008). Additionally, some components of
CT's chemical composition have been found to
have antifungal properties.

The objective of this study was to determine
the potential of cedar tar (CT) treatment to
control Ascochyta blight (AB) development in
chickpea plants. For this purpose, the antifungal
activity of CT was investigated using the agar
plate method and a pot experimental design.
Antioxidant enzyme analyses, proline content
and, lipid peroxidation, were also analyzed to
understand the disease prevention mechanism of
CT. To the best of our knowledge, this is the first

study to investigate the efficacy of CT against AB.
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Materials and Methods

Preparation of Ascochyta rabiei inoculum and
plant material

An isolate was provided as a single spore
culture from the collection of Ascochyta rabiei
pathotype IV, maintained by Assoc. Prof. Kadir
AKAN (Kirsehir Ahi Evran University, Faculty of
Agriculture, Department of Plant Protection). In
IV has
according to variations

been
the
pathogen's virulence (Udupa et al. 1998; Imtiaz et

previous decades, pathotype

categorized in
al. 2011). Pathotype | is less aggressive, pathotype
Il is more aggressive, pathotype Il is more
v
aggressive. Therefore, this study employed the

aggressive and pathotype is extremely
pathotype IV group, which is recognized as the
most aggressive pathotype of the disease.
Chickpea Seed Meal Agar (CSMDA; 40 g of
chickpea seed meal, 20 g of dextrose, and 18 g of
agar in 1 L of sterilized distilled water) was used
to cultivate this isolate for 7-10 days at 20-22°C.
Spores were resuspended using a flamed wire
loop after the plates were filled with sterile
distilled water. According to Trapero-Casas and
(1992), the

concentration was

Kaiser suspension's  spore

determined using a

5x10°
pycnidiospores mL™ using sterile distilled water,
with  0.15% 20
(polyoxyethylene—sorbitan monolaurate)

(MERCK®, Nottingham, UK).

hemocytometer, adjusted to

and treated Tween

Evaluation of antifungal activity of cedar tar
against Ascochyta rabiei in agar plate

The antifungal activity of cedar tar was
assessed using the poisoned food approach. To
achieve the desired percentage concentrations of
cedar tar, a specific amount of tar was dissolved
in the PDA medium mix. The concentration of
cedar tar diluted with DMSO at a ratio of 50% was
considered as 100%, and subsequent dilutions
were made accordingly. The preparation of
Potato (PDA)
autoclaving at 121°C and cooling to 40°C. CT was

added to PDA media after being dissolved in % of

Dextrose Agar prepared by
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dimethyl sulfoxide (DMSO). CT doses were
changed to 1, 5, 10, 25, and 50% at the end. The
mycelial discs were made from the tips of a 7-day-
old AB culture using a sterile cork borer with a 5
Once the PDA medium had
solidified, they were placed in the middle of each

mm diameter.

Petri plate. The plates were incubated for 14 days
at 25+2°C. Control treatments were prepared
without the use of CT extract. Each treatment was
set up with two replicates and three replicates.
AB's mycelial growth diameters were measured
daily. The growth of control plates and mycelial
growth in plates with varying doses were
compared, and the inhibition rates of various CT
doses were computed using the following formula

(Deans and Soboda 1990):

(c=7)/ Cx100
Where C=Length of control hyphae (mm) and
T=Length of treated hyphae (mm).

Evaluation of potential of cedar tar treatment
against Ascochyta rabiei in-vitro

Different doses of CT (% 0.5, 1 and 2) with
varying disease implementation times were
of CT
treatment against Ascochyta rabiei in-vitro. In the
first CcT

inoculation were applied to the test material

applied to determine the potential

treatment, and Ascochyta rabiei

simultaneously (T0-D0), while in the second
treatment, CT was applied 72 h before the
inoculation of Ascochyta rabiei (T1-D2). For the
third treatment, CT was performed 72 h after the
inoculation (T2-D1).

The which
susceptible to Ascochyta rabiei, was used in the

chickpea cultivar Uzunlu, is
study. Three seeds were planted in separate pots
that contained peat: perlite. (2:1 v/v). The pots
were grown under greenhouse conditions with 14
h of light and 10 h of darkness at 25+5°C until the
two-leaf stage. Plants were inoculated with a
5x10° pycnidiospores mL™" suspension of spores
using a pressure sprayer. A group of plants was
treated with only sterile distilled water (negative
control) or inoculated only with Ascochyta rabiei

spores (positive control). A humidifier with a
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100% then
attached to the polythene tent, keeping the
plants moist for 48 hours at 18—-22°C (12 hours of
continuous darkness and 12 hours of light). All

constant humidity setting was

plants were then covered with clear polythene. As
shown in Table.1, a 0-9 rating scale was used to
evaluate the illness response to Ascochyta rabiei
14 days after inoculation (Reddy and Singh 1987).

A fully randomized design was used to conduct
the study. The following formula was used to
determine the percentage of disease incidence
(PDI) based on the 0-9 rating scale (Sankara and
Acharyya 2012).

Percentage of Disease

Incidence (PDI)
Number of diseased plants / Total Number of
plants observed X 100

Table 1. 1-9 scale to be used in reaction evaluation of Ascochyta rabiei.

Scale | Disease Intensity

Reactions

0 No minor lesions or symptoms,

Immune (1)

Lesions on the apical stems are few and tiny,

Highly Resistant (HR)

On certain branches, there are tiny girdling stem lesions deep down,

Resistant (R)

Resistant (R)

1

2

3 One or two branches are broken and lesions up to 5-6 mm in size

4 The majority of the plant clearly has lesions (2—5 mm in size), and several of its branches

Moderately Resistant

are damaged, (MR)
5 Defoliation has begun, half of the branches are damaged, and there are numerous big Moderately Susceptible
lesions, (MmMS)

those in 5.

6 More defoliation, damaged stems, and dry branches are among the lesions similar to

Susceptible (S)

7 Asin 5 and 6, there are several huge lesions with clear defoliation, up to 70% of
branches are damaged, and up to 25% of plants are destroyed,

Susceptible (S)

As in 7, symptoms include up to 50% of plants being killed.

Highly Susceptible (HS)

9 Symptoms as in number eight, with every plant dead,

Highly Susceptible (HS)

Determination of the malondialdehyde (MDA)
content

Malondialdehyde  (MDA)
measured to assess lipid peroxidation (Ohkawa et

content  was
al. 1979). Five milliliters of a 5% trichloroacetic
acid (TCA) solution was used to homogenize 0.5
grams of leaf tissue. Following centrifugation of
the homogenate, equal quantities of TCA and
thiobarbituric acid solutions were added to the
supernatant in the tubes. The tubes were then
incubated for 25 minutes at 96°C. The tubes were
placed in a cold bath to stop the reaction, and
then they were centrifuged for five minutes at
6,000 rpm. A spectrophotometer (Shimadzu
Corporation UV-VIS Spektrofotometre UV-1280)
was used to measure the absorbance of the final
mixture at 532 nm and 600 nm. The extinction
coefficient was used to determine the MDA
content.

Measuring the amount of free proline
A homogenate of 0.5 g of leaf tissue was mixed
with 3% sulfosalicylic acid and centrifuged for 3

14

minutes at 3,000 rpm. Subsequently, the glacial
acetic acid, acid ninhydrin, and supernatant were
combined in equal amounts and incubated for
one hour at 100°C. Four milliliters of cold toluene
were added to the tubes to stop the reaction.
After being evaporated, the toluene phase was
measured at 520 nm wavelength using a
spectrophotometry (Shimadzu Corporation UV-
VIS Spektrofotometre UV-1280). A standard curve
was used to calculate the proline levels (Bates et
al. 1973).

Evaluation of antioxidant enzymes
Catalase (CAT) and
(SOD) enzyme activity tests were performed using

superoxide dismutase

the same extraction technique. Five milliliters of
extraction solution comprising 0.1 M potassium
phosphate buffer (pH 6.8), 100 milligrams of
(PVP), and 0.1 mM
ethylenediaminetetraacetic acid (EDTA) were
used to homogenize 0.5 grams of fresh leaves.
After
minutes at 16,000 xg, the supernatant was

polyvinylpyrrolidone

centrifuging the homogenate for five
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utilized to analyze SOD and CAT. SOD (superoxide
dismutase; EC 1.15.1.1) activity was measured as
described by Beyer and Fridovich (1987). A
solution  containing
tetrazolium, EDTA,

buffer (pH: 7.8) was mixed with 200 uL microliters

methionine,  nitroblue

riboflavin, and phosphate

of the extract. The reaction was conducted at
25°C in a chamber illuminated by a fluorescent
lamp. The fluorescent lamp was turned on to
begin the reaction, then it was turned off after
five minutes. At 560 nm, blue formazan—which is
created when NBT is photoreduced in the
presence of light—was observed. The quantity of
enzyme required to block 50% of the NBT was
determined to be one SOD unit. Aebi (1983)
defined CAT activity (catalase; EC 1.11.1.6) as the
consumption of H,0, at 240 nm for 30 s. Three
milliliters of a solution containing 50 milliliters of
potassium phosphate buffer (pH 7.0) and 20
of H20, were mixed with fifty
microliters of the enzymatic extract. At 240 nm,
the The
extinction coefficient was used to compute the
enzyme activity, which was then represented as
umol H,0, oxidized g™ mg protein.

milliliters

absorbance drop was observed.

Statistical analysis

Using SAS software, the findings of the agar
plate and pot studies were statistically evaluated
using one-way ANOVA and post-hoc Tukey’s
testing with %95 confidence (JMP version 8, SAS
Institute Inc.). Two-way factorial analysis of
variance (ANOVA) was used to examine the
the lipid

results from

proline

content,

peroxidation, and antioxidant enzyme tests, with
or without treatment and dose interaction.
Descriptive statistics, such as mean, standard
deviations, and errors, were calculated using base
packages of R version 4.1.2 with RStudio (RStudio
Team 2021). The ANOVA of the interaction
between all groups and controls was found to be
statistically significant (P < 0.05). Therefore,
Tukey-Kramer test and Only when treatment and
dosage interactions were not present, Duncan's
multiple range test was performed with %95
confidence to compare the groups. Using the
Recmdr package of the R environment, two-way
ANOVA and post-hoc tests were conducted (Fox
2017; R Core Team 2021, RStudio Team 2021).

Results and Discussion

Assessment of cedar tar's antifungal efficacy
against Ascochyta rabiei

Using the agar plate method, the effect of five
distinct CT dosages on the mycelial development
of the fungus was examined. It was determined
that the application doses of 25% and 50%
completely inhibited mycelial growth, whereas a
dose of 10% was found to inhibit mycelial growth
by 50%. The doses of 1% and 5% inhibited
mycelial growth by less than 50% (Fig.1). The
effects of CT applications on mycelial growth
inhibition were statistically significant, except for
the difference between the doses of 25 % and 50
%.

Figure 1. Images of the petri dishes showing the antifungal activity of CT against Ascochyta rabiei.
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Evaluation of potential of cedar tar treatment
against Ascochyta rabiei in-vitro

The Chickpea plants were toxically affected by
application levels of 5, 10, 25, and 50 %, even
though these doses inhibited mycelial growth by
below and above 50%, respectively. As a result,
studies were carried out in-vitro using application
dosages between 0.5 % and 2 %. The assessment
of AB severity on chickpea plants was assessed

within 14 days of inoculation. Statistical analysis
using percentage disease
In the 1st and 2nd
experiments, it was observed that AB was notably
prevented by CT, with no significant differences
between the different doses of CT treatment. In
the 3rd experiment, it was determined that none
of the CT treatments prevented AB development

(Fig. 2).

was performed

incidence (PDI) results.

10
E 8 a ab
| *
=
©
T 4 c
= T+
o 2 el®
s d d
0 T T 90090 —
3
(‘\\'« © o\e n 0\00& o\oc,} °\°C,)\ o\oc;\
& N st 8 P §

Figure 2. Cedar tar's antifungal effects against Ascochyta rabiei in vitro.

The letters refer to statistical

significance among different CT treatments at
p<0.05.

lowercase

Proline and MDA content
Ascochyta rabiei inoculation and CT treatment

did not significantly change the proline content,
except in the T2-D1 2 % treatment (Fig. 3) in
contrast to the control.

4_
g b a
= ad be ¢ be bec be bc pe bc be be mmm  Control
oo 3
E == 0,5%CT
= = 1%CT
z 21
g = 2%CT
2 1-
2
2%

O_

T0-DO T1-D2 T2-D1

Figure 3. Chickpea plant proline content.

The means of the three plants make up the
data. Two-way factorial ANOVA was conducted
between the groups. Significant differences (p <

16

0.05) are indicated by asterisks (*).
Inoculation of chickpea plants with Ascochyta
rabiei increased malondialdehyde (MDA) content
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in all CT treatments except in the T1-D2
treatment (p<0.05). It was found that T1-D2's
MDA content was comparable to that of the

1.5=
=
5%}
2 1.0m
= C
g cd 4.
g gh g uh h
o
g 0.5=
Q
<
)
>

0.0=

T0-DO T1-D2

Figure 4. MDA content of chickpea plants

The data represent the mean of three plants.
Between groups, a two-way factorial ANOVA was
conducted. Significant differences are indicated
by asterisks at p <0.05 (*) and p £0.01 (**).

positive control's. The T2-D1 therapy had the
highest MDA content (Fig. 4).

=  Control
b = 0,5%CT
eg def ¢y == 1% CT
—/ 2%CT
T2-D1

Antioxidant enzyme analysis

The highest catalase activity was observed in
TO-DO and T1-D2, except in the T2-D1 1 %
treatment (p<0.05) (Fig. 5).

40—
=
£ 4
=z . mmm  Control
=9 abc ab
o = 0,5%CT
2w
& E bd == 1%CT
g ’Tc cd p
z % ) cd 4 — 2%CT
O O
o
a
=)
=
5
TO-DO T1-D2 T2-D1

Figure 5. Catalase activity of chickpea plants

The data represent the mean of three plants.
Two-way factorial ANOVA was performed
between groups. Asterisks denote significant
differences at p < 0.05 (*)

the
groups'

CT
superoxide dismutase

Following inoculation and

treatment, all

(SOD) activity in all groups increased (p<0.05) in
compared to that in the control group. The T1-D2
group exhibited the highest SOD activity (Fig. 6).
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Figure 6. SOD activity of chickpea plants

The data represent the mean of three plants.
ANOVA was
between groups. Asterisks denote significant
differences at p <0.05 (*), p £ 0.01 (**)

In this study, the potential use of CT against

Two-way factorial performed

AB, which causes foliar infection in chickpea, was
analyzed. The efficacy of different doses of CT as
an antifungal

agent against the pathogen

Ascochyta rabiei was examined. Antifungal
activity test findings unequivocally demonstrated
that CT treatment prevented Ascochyta rabiei
from growing mycelially. Exogenous CT treatment
also inhibited the development of the disease.
Our results showed that CT can have a potential
effect in delaying disease symptoms and reducing
susceptibility to Ascochyta rabiei in chickpea. This
beneficial impact of CT is prominent in both
consecutive and simultaneous applications. This is
the first report to reveal the antifungal activity of
CT against Ascochyta rabiei, and it is promising
that the plant extract used in this study could be
an effective approach against a new and highly
virulent Ascochyta rabiei isolate (pathotype IV).
Limited information is available on the antifungal
activity of different plant extracts in reducing AB
in chickpea. Ascochyta rabiei was evaluated to
determine the antifungal efficacy of various
concentrations of Chenopodium album leaf
methanolic extract (1%, 2.5%, 4%, 5.5%, and 7%).
The highest fungal biomass reduction (68%) was
noted with a 7% dose of C. album methanolic
extract (Sherazi et al.2016).

Withania somnifera, a weed species, was used

18

to control the AB. According to the findings,

pathogenic fungal growth was effectively
suppressed by a 0.2% dose of W. somnifera leaf
extract in methanol (Javaid et al. 2020). Tests
against five distinct isolates of Ascochyta rabiei
were carried out in-vitro to determinate the
antifungal activity of Mentha spicata L. essential
oils. Consequently, it was discovered that a 10 plL
dose of Mentha spicata essential oil inhibited the
fungus's mycelial growth (Bayar 2018). According
to the study's findings, CT might include a number
of antifungal substances that can successfully
stop Ascochyta rabiei from growing.

No significant change was observed in proline
content after Ascochyta rabiei inoculation and CT
treatment in any of the groups. However,
increases in proline levels in chickpea plants
following Ascochyta rabiei inoculation have been
demonstrated by various researchers (Hasanian
et al. 2020; Ustiin and Dolar 2001). Additionally,
there has been an increase in the expression of
genes linked to proline synthesis that help plants
tolerate Ascochyta rabiei (Coram and Pang 2006).
Although proline's function as an osmoprotectant
is its most well-known characteristic (Chun et al.
2018), it also has direct or indirect antioxidant
and Savouré 2009).

addition, chickpea cultivars that are more tolerant

functions (Szabados In
to Ascochyta rabiei have a lower proline content
(Hasanian et al. 2020). The finding of proline
content in this study, which is close to that of the
positive control in all treatments, suggests that CT
treatment may lessen the adverse effects of the
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disease (Hasanian et al. 2020).
MDA, one of the end products of lipid
peroxidation, is a good indicator of the level of
membrane damage caused by oxidative stress
(Cevik 2021). An increase in MDA content after
Ascochyta rabiei inoculation was shown by
Bahmani et al. (2020). In the same study, tolerant
cultivars had lower MDA contents than sensitive
cultivars under Ascochyta rabiei inoculation. CT
treatment before Ascochyta rabiei inoculation
decreased MDA content in the T1-D2 group. Low
MDA content under pathogen attack indicates
that CT treatment helps preserve the membrane
integrity of the plant. Providing this protection
with pre-disease treatment is also a positive
outcome for the potential field application of CT.
The PDI of the T2-D1 group was much higher than
that of the T1-D2 and T0-DO groups (Fig. 2); this
result was also consistent with the MDA results.
Considering the MDA results, it can be concluded
that pre-disease CT treatment protects plant
membranes from the effects of the disease.
Following stress and CT treatments, CAT and
SOD activity increased in every group. Although
the TO-DO group showed the highest catalase
activity, the T1-D2 group had the highest overall
catalase activity. The two crucial components of
the plant antioxidant systems are CAT and SOD.
The antioxidant system's first line of defense is
SOD, which catalyzes the conversion of
superoxide radicals into H20, and O,. The
transformation of H20, into H20 and O, is
catalyzed by CAT (Kaur et al. 2021). In addition to
a significant increase in CAT under disease
pressure (Hasanian et al. 2020), upregulated
defense enzyme activities have also been
observed against Ascochyta rabiei inoculation
2021). These

unequivocally demonstrated that, in an infected

(Kaur et al. investigations

environment, resistant genotypes exhibit lower

MDA concentrations and higher antioxidant
enzyme activities than susceptible genotypes.
Higher antioxidant enzyme activities following tar
treatment in response to AB may indicate the
suppression of oxidative stress caused by the
isozyme analysis is are

pathogen. However,
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required to better understand the effects of tar
treatment on the antioxidant system during
infection.

The cost performance of CT was also evaluated
comparatively with that of a fungicide used to
control AB. The "partial budgeting" method was
preferred, based on the principle that all
expenditures are the same except for the cost of
the fungicide and CT. The approximate cost of 500
mL of a fungicide containing “25% Boscalid, 12%
Pyraclostrobin” is 37 USD, while the approximate
cost of 500 mL of CT is 4 USD. It was calculated
that the cost of supplying CT is 90% lower than
the
recommended at a dose of 500 mL ha™, and the

fungicide.  Fungicide  application s
cost per hectare is calculated to be 37 USD. It was
calculated that 100 L of water would be used for a
one-hectare area, and 2 mL of CT is sufficient for
the 2% application dose, with the approximate
cost for this area being 8 USD. The unit area cost
of the 2% application dose of CT is 78% lower
than the fungicide. Considering that large areas
are cultivated; greater profit will be achieved
owing to the reduction of input costs by 90% for
the initial supply cost and by 78% for the unit
area. In fact, if the profit margin is reduced
slightly reduced, the probability of finding
customers in the market is quite high. In this case,
it is predicted that this will
production cost performance (Jukanti et.al. 2012;
Shuping. et al. 2017; Wani et.al.2022)

the

controlling AB in chickpeas. The potential for new

improve the

Fungicides are main methods for
fungicide-resistant races to emerge or possible
shifts in the pathogen's population structure
present the greatest obstacles to both chemical
control techniques and resistance breeding
research. Using CT can assist in reducing on the
use of fungicides or serve as an alternative to
them. The findings of the study demonstrated
that CT has a great potential for use against

infections.
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