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Abstract

Acidifying infection area by secreting acids is important mechanism utilized by several necrotrophic organisms.
Sclerotinia sclerotiorum is a necrotrophic pathogen that causes stem rot of Indian mustard, utilize oxalic acid during
infection, leading to the rapid death of host tissues. Thus, the study was undertaken to evaluate the effect of the alkali
environment created by organic and inorganic salts (sodium carbonate, potassium silicate, calcium propionate, and
sodium propionate) on the growth and development of S. sclerotiorum using in vitro and in vivo assays. The lower area
under mycelial growth curve (AUMGC) value for calcium propionate @1.4% (15.5) followed by sodium propionate
@1.4% (16.5) against unamended control (118) indicated that mycelial growth rate was reduced with increased
concentrations of alkali salts. Detached leaf assay on Indian mustard showed complete inhibition of pathogen
development by sodium carbonate @1% and potassium silicate @1.4%. The findings suggest that alkali pH developed
due to organic and inorganic salts had an inhibitory effect on the growth and development of S. sclerotiorum.
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Introduction

Rapeseed-mustard being an oilseed crop, holds an
important position in the world as well as in India. It is
being cultivated around the world in more than 70
countries and the production and productivity of
rapeseed-mustard in the world was 72.37 million tonnes
and 2039 kg/ha respectively, during 2020. Globally,
India accounts for 12.6% of the world's total production
with a production of 9.124 million tonnes and 1216
kg/ha productivity (FAOSTAT, 2021). In recent years,
there has been a considerable decline in the productivity
of the crop due to various groups of pathogens, such as
fungi, bacteria, viruses, phytoplasma, etc, that cause
biotic stress to the crop in collusion with insects and
weeds. Sclerotinia rot (also called white stem rot) is one
such destructive fungal disease that is gaining
importance in recent times due to its occurrence in most
areas around the world on a wide host range (Hegedus,
2005). The pathogen infection on the stem during
flowering causes blockage in the vascular bundles
restricting the movement of nutrients to the
inflorescence. This results in shrunken, partially filled
pods and the shattering of prematurely ripened pods that
adversely affect the seed quality and yield. It causes huge
yield losses of up to 80 % in India, Australia, Canada, the
United States, China, and European countries (Saharan
and Mehta, 2008; Young et al., 2012; Wang et al., 2019;
Yuetal., 2020; Bennett et al.,2021). Ascospores released
from apothecia infect the leaves causing water-soaked

necrotic lesions. These lesions expand and reach the
stem via the petiole. The disease appears as elongated
water-soaked lesions on the stem, arising from the collar
region and later spreading rapidly to the upper portions
ofthe stem (Bolton ez al., 2006). The plant wilts, topples,
and dries when complete girdling of the stem occurs. The
formation of sclerotia is seen on the affected plant and in
the stem pith. Many agronomic practices have been
applied to suppress Sclerotinia wilt so far. These
practices include early sowing of the crop (Gupta ef al.,
2004), optimum spacing, optimum plant density and
optimum use of fertilizers (Shukla et al., 2005), and
clean cultivation. The application of fungicides to
control Sclerotinia, as well as other soil-borne
pathogens, is most effective. However, this method has
side effects on both environment and public health. It is
challenging to control Sclerotinia wilt once a plant has
been infected, and there is still a considerable demand
for alternative practices for controlling the disease.
Previous studies demonstrated that different organic and
inorganic salt compounds recognized as 'Safe' (GRAS)
were effective in suppressing the growth of many fungal
pathogens, including Fusarium sambucinum (Mecteau
et al., 2002), Botrytis cinerea (Turkkan et al., 2017),
Fusarium equiseti, F. proliferatum, F. semitectum, F.
solani f. sp. phaseoli, F. verticillioides, Rhizoctonia
solani AG4-HG 1, Macrophomina phaseolina, and
Sclerotium rolfsii (Turkkan and Erper, 2015) and
Penicillium digitatum (Venditti et al., 2018).
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To the best of our knowledge, few reports regarding the
effects of various organic and inorganic salt compounds
in controlling Sclerotinia are presented in the literature.
Therefore, the current study aimed to investigate the
efficacy of sodium carbonate, potassium silicate, sodium
propionate, and calcium propionate to control
Sclerotinia stem rot in Indian mustard through in vitro
and in vivo bioassays.

Materials and Methods
Pathogen isolation

The pathogen was isolated from the sclerotia collected
from the infected Indian mustard plots of Punjab
Agricultural University, Ludhiana, India. The collected
sclerotia were surface sterilized with 0.1% HgCl,
solution. The sclerotia were sliced using a sterile blade
and placed onto the petri plate containing PDA. The
plates were incubated at 25 + 2°C in a BOD incubator.
The actively growing bit of mycelium was used for
subculturing. The plates were temporarily stored at 4°C
after the complete growth of the pathogen. Sclerotia
formed in plates were collected and packed in small
polyethene covers and were stored for a long time at -
20°Cinadeep freezer.

Efficacy of salts against S. sclerotiorum using
poisoned food technique

Four salts [sodium carbonate (SC), potassium silicate
(PS), sodium propionate (SP), and calcium propionate
(CP)] were evaluated for effect on the mycelial growth of
Sclerotinia sclerotiorum using the poisoned food
technique. The salt compounds were added to the PDA
medium after sterilization at 0.2, 0.4, 0.6, 0.8, 1.0, 1.2,
1.4,1.6 and 1.8 % (w/v). Mycelial plugs (5 mm diameter)
of the 3-day-old culture of the fungus were placed on
each petri plate and incubated at 25 + 2°C. PDA plates
without salt addition were used as controls. Colony
diameters were recorded at two perpendicular points for
24-hour intervals until the mycelial growth reached the
edge of the control plates. Mycelial growth inhibition
(MGTI) and area under mycelial growth curve (AUMGC)
were calculated using the formula given by Mueller et al.
(2002). Each experiment included three replicates per

treatment. n-l
+
AUMGC :Z —(X;' _)i')/ 2
i+l i
i=1

Where,

X,, = Radial mycelial growth (mm) at the i+1"
observation,

X, =Radial mycelial growth (mm) at the i"observation,
t., =Time after inoculation (day) at the i+1"observation
t. =Time after inoculation (day) at the i"observation,

n =total number of observations

Efficacy of salts against S. sclerotiorum using
detached leaf assay

For detached leaf assay, the effective treatments of SC,
PS, SP, and CP were tested against S. sclerotiorum on
leaves of susceptible variety of Indian mustard var. RL
1359. A moist sugar solution-dipped cotton swab was
placed on the petiole of the leaf to avoid drying. The
leaves were sprayed with alkali salts. The bits were
placed on the leaf and kept at room temperature for 3
days. Lesion length was recorded at 24-hour intervals.

Statistical analysis

All statistical analyses were performed using R software
(version 4.1.2). Data obtained from the current study
were separately subjected to one-way analysis of
variance (ANOVA).

Results and Discussion

To evaluate the efficacy of alkali salts against S.
sclerotiorum, poisoned food technique was performed
(Perez-Vicente, 2013). In this assay, various
concentrations of different alkali salts such as sodium
carbonate, potassium silicate, sodium propionate and
calcium propionate were amended into PDA media and
was inoculated with the actively growing mycelial bit at
the centre. Alkali salts @ 0.2% showed the least growth
inhibition of 15.62% in case of PS, 46.25% in case of SC,
12.5% in case of CP and 6.25% in case of SP. Similarly,
the highest AUMGC was seen at the lowest
concentration of saltsi.e. 84.25 in case of PS, 50.4 in case
of SC, 105 in case of CP and 112.5 in case of SP. The
PDA media amended with SC (0.6% to 1.8%), PS (0.8%
to 1.8%), CP (1.6% and 1.8%), and SP (1.6% and 1.8%)
showed negligible radial growth which implies complete
inhibition of mycelial growth when compared with
unamended PDA medium This indicates that increased
alkali salts significantly affected the mycelial growth
inhibition in terms of radial growth at the various
concentrations (p < 0.05). (Fig.1 & 2). These treatments
had a null AUMGC value against the unamended
control, which had 118. The AUMGC values indicate
the overall impact of treatments combining both radial
growth and duration of inhibition. The reducing
AUMGC values with increasing concentration of salts
suggests the negative effect on mycelial growth.

To test the efficacy of alkali salts against this pathogen
under ex vivo conditions, detached leaf assay was
performed on the leaves of susceptible variety of Indian
mustard, var. RL 1359. Ex vivo conditions were
evaluated the prophylactic effect of this alkali salts on
the pathogen. The effective concentrations under
poisoned food technique such as SC (0.6%, 0.8%, and
1%), PS (1%, 1.2%, and 1.4%), SP, and CP (1.4%, 1.6%,
and 1.8%) were tested against S. sclerotiorum. . The
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Fig 1: In vitro bio-efficacy of alkali salts against Sclerotinia sclerotiorum using poisoned food technique
mper cent inhibition OAUMGC
120 - - 140 g
=]
100 - =
S . s
= 60 - =
: 40 &
20 - g
0 4

Fig. 2: Graphical representation of AUMGC and per cent inhibition of radial growth against Sclerotinia sclerotiorum by

alkali salts treatments (Poisoned food technique)

treatments PS @1% showed 21.4% inhibition, SC @
0.6% showed 9.52% inhibition, CP and SP @ 1.4%
showed 61.9% inhibition. SC @ 1%, PS @ 1.4%, SP and
CP @ 1.6% were found to be effective in completely
inhibiting lesion development of pathogen when
compared to untreated leaves (2.80 cm) (Fig. 3 & 4).
Sodium carbonate could be considered as the best alkali
salt as the lowest concentration in comparison to the
other salts displayed higher inhibition. This can be
observed both in poisoned food technique and detached
leaf assay. Potassium silicate displayed relatively better
inhibition in comparison to the other salts i.e. sodium
propionate and calcium propionate.

This study emphasized the use of organic and inorganic
salts against Sclerotinia stem rot in rapeseed-mustard.
Researchers have evaluated the efficacy of different salts
against various plant pathogens so far (Turkkan and
Erper, 2015). Several studies have revealed that the
direct effect of high solution pH was among the main
reasons for the effective management of pathogens using
salts Palmer et al. (1997) evaluated the effects of
different salts, including SC on the polygalacturonase
(PG) activity of Botrytis cinerea and concluded that pH
inhibited PG activity. Turkkan e al. (2017) found that
<10.0mM was the ED50 of SC that would inhibit spore
germination of Botrytis cinera under in vitro conditions.
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Fig. 3: Ex-vivo bio-efficacy of alkali salts against Sclerotinia sclerotiorum using detached leaf assay
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Fig. 4: Graphical representation of lesion length and per cent inhibition of Sclerotinia lesions by alkali salts treatments

(Detached leafassay)

SP and SC showed significant inhibition of various
pathogens of bean root rot (Turkkan, 2015). Venditti et
al. (2018) in their in vitro studies, confirmed the
fungistatic effect of salt on the spores and the effect of
variation in ambient pH on the pathogen's development.
CP and SP hindered the mycelial growth of Geotrichum
candidum under in vitro conditions (Turkkan, 2019).

Potassium silicate has a direct suppressive influence on
fungal mycelial growth of several phytopathogenic
fungi in addition to its ability to strengthen plant cell
walls to inhibit infection thereby enhancing the host

defence mechanism (Bekker ef al., 2009). The study
conducted by Shen et al. (2010) showed that the growth
of fungal pathogens was significantly inhibited on PS-
amended PDA plates due to a pH effect. The reduced
inhibitory activity of SC in vivo could be due to the
alkalinization of the cell wall by the Donnan effect and
the speciation of their anions resulted in reduced
effectiveness of ions (Yaganza et al.,2014). SP @ 0.2 M
showed moderate inhibition of soft rot of potato.
Turkkan et al. (2019) reported that both curative and
protective applications of CP and SP @ 2 per cent were



effective in hindering the mycelia growth of Geotrichum
candidum on potato under in vivo conditions. Contrarily,
Turkkan and Erper (2015) revealed sodium EDTA at pH
4.67, tolclofos methyl at pH 6.05, sodium bicarbonate at
pH 6.26, and SC at pH 10.74 entirely halted the mycelial
growth of the isolate of R. Sodium bicarbonate and SC
activated innate defence mechanisms in citrus against
Penicillium digitatum by increasing the activity of 1,3-
glucanase PAL and peroxidases (Youssef et al., 2014).
Further studies must be conducted to decipher the exact
role of these salts in disease inhibition and determine
their potential to be used as an eco-friendly management
strategy.

Conclusion

S. sclerotiorum, being an acidifying fungus, produces
oxalic acid and creates an acidic environment during
pathogenesis. High pH induces stress in fungus which
deprives nutrient uptake and inhibits the production of
virulence factors. Thus, to combat this strategy of the
pathogen, alkali salts such as sodium carbonate,
potassium silicate, sodium propionate, and calcium
propionate can be used for disease management. Further
studies can provide better insight regarding the
mechanism of alkali salts against necrotrophic
pathogens.
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