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1. INTRODUCTION

Rice is the staple food of more than 60 per cent of the world’s population
and occupies 11 per cent of the world’s cropped area (Sireesha, 2013). Rice
cultivation is often subjected to a variety of biotic and abiotic stresses of which
sheath blight disease caused by Rhizoctonia solani Kuhn is prominent. Yield loss
ranging from 5.5 to 50 per cent is reported due to the disease (Zheng ef al., 2013;
Bhunkal ef al., 2015). In the global scenario, sheath blight is ranked as the second
most important disease of rice (Lee and Rush, 1983). In India, the disease was
first reported by Paracer and Chahal (1963) from Gurudaspur in Punjab. It is now
considered to be a major constraint all over India. In Kerala, rice cultivation is
extended over an area of 1.98 lakh ha with a production of 5.6 lakh MT and
productivity of 2.8 T/ha (FIB, 2017). The incidence of sheath blight was first
reported in Kerala in 1969 at Central Rice Research Station, Pattambi and it was
Prabhath (1971) who first recorded the disease in the state (Das, 1986).

R. solani is a competitive saprophyte with a wide host range and
worldwide distribution (Sneh et al,, 1996). It causes severe damage to field and
horticultural crops, worldwide. Thus, the wide host range of the pathogen, high
pathogenic diversity and viability of the sclerotia in the soil for several years
severely hinder the management of the disease (Taheri and Hofte, 2007). Sheath
blight management centers on the use of resistant cultivars, cultural practices,
fungicides and bio-control methods. However, no resistant cultivar of rice against
sheath blight disease has been developed till date. Fungicides are the most
commonly used tool for its management. However, there is considerable pressure
to reduce the emphasis on chemical control (Singh et al., 2015), since they result
in many adverse effects like residual toxicity, resistance development by

pathogens, environmental pollution and human health hazards (Pal et al., 2011).

Attempt for the development of novel plant protectants which interfere
with the fungal pathogenicity is relevant from this angle (Srivastava and Singh,

2011). The use of natural products with antifungal potential could serve as an



alternative to chemical fungicides. Great emphasis is being laid on the adoption
of safe and ecofriendly methods for crop health and yield. Substitution of
synthetic pesticides by indigenous organic preparations or botanicals can greatly
affect the host resistance, the balance of pathogens and beneficial microbes in the

soil as well as the micronutrient supplies (van Bruggen ef al., 2015).

Thus, the present study entitled “Organic strategy for the management of
sheath blight disease of rice” was taken up to develop an ecofriendly and safe
management strategy for sheath blight disease of rice with the following

objectives

e Collection of R. solani isolates

* Pathogenicity studies

e Virulence rating

e Characterization of the pathogen

o Identification of the most virulent R. solani isolate

e Invitro and in vivo management studies
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2. REVIEW OF LITERATURE

Sheath blight disease of rice caused by the fungus, Rhizoctonia solani
Kuhn (Teleomorph: Thanatephorus cucumeris (Frank) Donk) is a destructive
disease resulting in significant yield loss and quality degradation (Lee and Rush,
1983; Singh er al, 2003). Each year, 50 per cent decrease in the crop yield due to
the disease has been reported under favourable conditions, worldwide (Zheng et
al., 2013). Hence the disease and its management have to be addressed. Thus, the
present study entitled “Organic strategy for the management of sheath blight
disease of rice” was undertaken with an objective to develop an ecofriendly and
safe management strategy for sheath blight disease of rice. As part of this strategy
development, the information collected regarding the importance of sheath blight
disease, yield loss, etiology, symptomatology, characterization of the pathogen as
well as its ecofriendly management have been reviewed and detailed in this
chapter.

2.1 IMPORTANCE, YIELD LOSS, SYMPTOMATOLOGY AND ETIOLOGY
2.1.1 Importance and Yield Loss

Sheath blight is a major constraint adversely affecting rice production
worldwide (Ou, 1985). The disease is present in almost all the rice growing tracts
of the world (Dasgupta, 1992). In the global scenario, sheath blight is ranked as
the second most important disease of rice (Lee and Rush, 1983). Khan and Sinha
(2006) also reported that sheath blight is a major threat in rice cultivation.

Sheath blight disease was first reported in the world in Japan in 1910 (Lee
and Rush, 1983). The first report of the disease in India was from Gurudaspur in
Punjab (Paracer and Chahal, 1963). In Kerala, sheath blight incidence was first
recorded in 1969 by Prabhath (1971) at Central Rice Research Institute, Pattambi
(Das, 1986).

A yield loss of 54.3 per cent was estimated to be caused due to the disease
(Rajan, 1987; Roy, 1993). Yield losses to the tune of 69 per cent in grain yield
under favourable environmental conditions were reported by Sivalingam et al.

(2006). In the absence of plant protection, the disease is reported to result in 10 to
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30 per cent yield loss (Xie et al., 2008). Depending upon the crop stage during
the infection, the disease severity as well as the prevailing environment, a yield
loss of 4 to 50 per cent has been estimated (Singh et al., 2004; Bhunkal et al.,
2015).

2.1.2 Symptomatology

Sheath blight disease infects the crop at any stage of growth from seedling
to flowering (Acharya, 1997 and Kumar et al., 2009).

The symptoms first appear on the leaf sheath near the water level. Under
humid conditions, the infection may spread to upper leaf sheaths and leaf blades
leading to rotting of the leaf sheath and drying up of the whole leaves (Dasgupta,
1992). In severe cases, most of the leaves in the plants may get blighted. Heavily
infected plants will die with poorly filled grains. During panicle initiation or
flowering, the disease results in lower percentage of filled spikelets and
significant yield losses (Nagarajkumar et al., 2004).

The disease symptoms initially appear as circular, oblong or ellipsoid,
greenish grey, water soaked lesions on the leaf sheath near water level (Ou, 1972).
The lesions enlarge, become oblong and irregular in outline (Webster and Gunnel,
1992). Initial symptoms consist of lesions on the lower leaf sheaths during the
late tillering or early internodal elongation growth stages (Rush and Lee, 1'992).
Later, the centre of the lesions turns greyish white with brown margins. Several
lesions will be produced on entire tillers from the water line to the flag leaf
(Vidyasekharan et al., 1997) and may unite to encircle the whole culm resulting in
complete death of the plants.

2.1.3 Etiology

Rice sheath blight is caused by a plant pathogenic fungus viz., Rhizoctonia
solani Kuhn (Teleomorph: Thanatephorus cucumeris (Frank) Donk). The
pathogen has a wide host range as well as worldwide distribution (Sneh ef al.,
1996). The fungus is known to cause severe damages to field and horticultural
crops, worldwide. Webster and Webster (2007) classified the teleomorph of the
fungus to be under the kingdom Fungi; subkingdom Eumycota; phylum

2|



Basidiomycota; class Heterobasidiomycetes; order Ceratobasidiales and family
Ceratobasidiaceae.

The fungus is seed borne in nature. Muller (1924) observed that the resting
structure of the fungus, viz., sclerotia remained viable in the soil for more than
eighteen months. Palo (1926) also reported that the sclerotia survive in the soil
for several months. Sclerotia are thus considered to be the most important source
of inoculum of R. solani (Allison, 1951). Kobayashi et al. (1997) reported that
the sheath blight fungus survives from one crop season to another through the
sclerotia and mycelia in plant debris and also through weed hosts under tropical
environmental conditions. Sivalingam et al. (2006) reported that the fungus gets
transmitted from seeds to seedlings in the form of brownish black to blackish
lesions on the coleoptile, radicle, leaf and sheath. Kumar et al., (2009) studied
that mostly the sheath blight fungus survives through its resting structures, viz.,
sclerotia in the field which infect the crop during the next season.

Hu et al. (2010) found that among the 186 Rhizoctonia like fungal strains
isolated in China, R. solani was the most virulent and common species. Lore et
al. (2015) observed that sheath blight can be caused by R. solani and R. oryzae
sativae occurring singly or in combination with each other in different parts of
India, with R. solani being the dominant species. The mixed inoculation of
Rhizoctonia species aggravates the disease complex (Lore ef al., 2015). Thus,
besides R. solani, two other species of Rhizoctonia viz., R. oryzae and R. oryzae
sativae have been reported to be associated with the sheath blight complex (Singh
et al., 2016).
2.1.3.1 Pathogenicity Studies

The procedure for the artificial inoculation of sheath blight pathogen on
the leaf sheath has been studied and described in detail by Singh et al. (2003).

R. solani successfully colonized on typha pieces (Bhaktavalsalam et al.,
1978). Maximum infection and yield loss due to sheath blight incidence was
observed in the plants at active tillering, less at early tillering and the least at
booting stages (Tiwari and Choure, 1997). Hollier et al. (2009) reported that
sheath blight appears at tillering stage. Lore ef al. (2009) reported that the



maximum disease severity and incidence was observed at booting stage indicating
that this was the most susceptible stage of rice under pot and field conditions,
followed by tillering stage. The disease severity and incidence was the lowest at
seedling and grain filling stages under both field and pot culture conditions (Lore
et al., 2009).

Susheela (2012) reported that rice plants of the susceptible variety IR 50
were inoculated at the maximum tillering stage with R. solani multiplied on typha
pieces to reproduce the sheath blight symptoms. Adipathi et al. (2013) reported
that the isolates of R. solani induced typical rice sheath blight symptoms of
ellipsoidal shape with greenish grey centre and dark brown margin upon artificial
inoculation. Moni ef al. (2016) conducted artificial inoculation at the maximum
tillering stage using the mycelial block of five days old culture and the symptom
development was observed on five days after inoculation under field conditions.
They also reported that artificial inoculation of R. solani isolates in the rice
cultivar, Purbachi induced typical symptoms of ellipsoid, dark brown lesions.
2.1.3.2 Virulence Rating

The diversity of various isolates of R. solani can be assessed based on the
pathogenicity testing and virulence diversity (Banniza et al., 1996). The virulence
pattern of the pathogen will help in the evaluation of pathogenic races and to
identify disease susceptibility and resistant genotypes (Adhipathi et al., 2013).

Adipathi ef al., (2013) reported that among the twelve isolates studied, the
isolate D-14 was the most virulent and the isolates viz., A-4, A-7 and A-10 were
less virulent. Similar kind of virulence pattern of R. solani isolates were observed
and reported by Singh et al. (2001) and Kumar ef al. (2008).

2.2 CHARACTERIZATION AND IDENTIFICATION OF PATHOGEN

The isolates of R. solani are genetically diverse in their cultural,
morphological and physiological characteristics as well as in their pathogenic
range of host plants (Kuninga et al., 1997; Gonzalez et al., 2006). Sunder et al.
(2003) reported that the colony colour of R. solani ranged from brown, light
brown to yellowish brown. The brown pigment appears to be a stable diagnostic

character of R. solani. Lal and Kandhari (2009) conducted variability studies in

N
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several isolates of R. solani and found six isolates as light brown, five isolates as
yellowish brown, four isolates as whitish brown, six isolates as dark brown and
four isolates as very pale brown. Debbarma and Dutta (2015) reported that the
colony colour and mycelial growth of six isolates of R. solani showed great
diversity. The isolates were assigned into four groups based on the colony
pigmentation as white, yellow, grey and orange.

Taheri et al. (2007) reported that among the 110 rice isolates, 96 isolates
belonging to AG-1 IA produced dark brown mycelium on PDA with barrel shaped
moniliod cells. Eleven isolates produced white colonies, which later turned to
pale brown within three weeks. Kaur and Kaur (2013) studied the morphological
and molecular variability in 22 R. solani isolates and reported that the mycelium
showed aerial or appressed growth and were light brown to dark brown in colour.
They also studied the type of sclerotia and reported that they varied from minute
to large. One isolate from rice produced large (94 mm) sclerotia, ten isolates
produced sclerotia up to 2 mm and eleven isolates produced sclerotia up to 3 mm
size. Out of the 22 isolates, 11 isolates produced sclerotia in a scattered manner.
Round to oval sclerotia with flattened bottom were found in most of the isolates
(Moni et al. 2016). Singh et al. (2015) revealed that all the 25 R. solani isolates
showed great variation in the time taken for initiation of sclerotia, ranging from 3
to 6 days. They found that the sclerotia of 8 isolates were formed towards the
centre and 7 isolates in scattered pattern in PDA media.

Parmeter and Whitney (1970) attempted to organize and group the isolates
of R. solani based on morphological, physiological and pathological
characteristics. Sneh ef al. (1991) reported that the mycelial branching at right
angles is a known feature of R. solani. They also reported that the isolates of R.
solani had hyphal branching at right angle, constriction at the point of branching
of the mycelium and the presence of a septum near the branching junction which
are all of immense taxonomical importance. Although the morphology and
physiology based classification is a standard and useful technique, it is laborious
and time consuming. DNA based analysis has been attempted to understand the

genetic relatedness among the different R. solani species (Sharma et al., 2005).
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Based on the sclerotial size, shape and DNA based sequence homology,
R. solani AG isolates are sub divided in to IA, IB and IC (Sneh et al., 1991). The
isolates of R. solani identified as AG1-IA were more virulent on grasses than
other AG groups of R. solani and other Rhizoctonia species (Tsukibushi and
Kimigafukauro, 1992). The classification of AG-1 IA is supported by
morphological characterization, analysis of IDNA ITS sequences (Johanson ef al.,
1998; Gillemaut et al.,, 2003; and Taheri ef al., 2007). The predominant causal
agent of rice sheath blight is AG-1 IA sub group and has been reported from rice
growing regions worldwide (Taheri ez al., 2007; Bernardes-De-Assis et al., 2009;
Gonzalez-vera et al., 2010). Among the 14 anastomosis group of R. solani, sheath
blight pathogen is placed in AG-1 IA (Gonzalez-vera ef al., 2010).

2.3 IN VITRO MANAGEMENT OF THE PATHOGEN

In the absence of plant protection, sheath blight can result in 10 to 30 per
cent yield loss and may reach up to 50 per cent (Xie ef al., 2008). Sheath blight
pathogen is reported to have a very wide host range and has considerable
pathogenic and molecular variability which makes its management a difficult task
(Singh et al., 2016).

Use of resistant varieties is the most effective and safe method for the
management of the disease. However, until today no known rice variety exists,
which is either immune or having a high degree of resistance to the disease. No
appreciable amount of resistance was observed in any of the existing rice varieties
in India (Adipathi et al., 2013). Chemical control is the most widely adopted
management strategy for the disease (Dev and Mary, 1986). However, the
indiscriminate and disproportionate use of pesticides may lead to their residues in
food chain and may exert harmful effects in human beings and other life forms
(Chahal ef al., 2016). Excessive use of fungicides for a very long time has
resulted in resistance development in pathogen and a negative impact on both
human health and environment (Zhang et al., 2016). Hence, replacement of
synthetic fungicides by natural products which are non- toxic and specific in their

action is of importance in the present context.
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2.3.1 Organic Preparations

Natural fungicides are cost effective and easily accessible. Egg has been
considered to be a rich source of many minerals, proteins, fats, essential vitamins,
and omega-3 fatty acids. Zambrowicz er al. (2012) reported that many of the
proteins present in egg such as lysozyme, ovotransferin, ovomucin, flavoproetien,
avidin efc. have been known to possess antimicrobial properties. Several
biological activities have been associated with the egg protein derived peptides
including antihypertensive, antimicrobial, immuno modulatory, anticancer and
antioxidant activities highlighting the importance of these bio peptides in human
health and disease prevention as well as treatment (Zambrowicz et al., 2012).
Proteins such as lysozyme, ovotransferin and avidin have proven to exert
numerous biological activities (Abdou ef al., 2013). Specific immuno globulin in
the yolk (IgY) have been found to be effective against many bacterial and viral
infections (Abdou er al, 2013). Recently, products based on the natural
components as an ecofriendly method for combating phytopathogenic agents is an
area of interest (Rodino et al., 2014).

Citrus fruit is known for its medicinal properties due to the presence of
flavanoids, flavanones and other compounds which are rare in other plants (Burt,
2004). Citrus flavonoids have a broad spectrum of antibacterial, antifungal,
antidiabetic, anticancerous and antiviral activities (Ortuno et al., 2006). They
appear to play a defensive role against the invading pathogens, including bacteria,
fungi and viruses in plants. The juice of ripe as well as unripe citrus fruits could
inhibit Pseudomonas aeriginosa, Staphyllococcus aureus, Bacillus subtilis and E.
coli (Sarmah and Kumari, 2013). The extract of Citrus lemon exhibited the
highest antimicrobial activity against six gram positive and eight gram negative
bacteria (Hindi and Chabuck, 2013).

Webber et al. (1999) opined that alternative uses of the weed species
should be considered before expensive eradications are undertaken. Dold and
Cocks (2000) reported that new bio medical products from problem plants and
weeds are being discovered. Hostettman et al. (2000) reported that many plant

species contain potential renewable source of antifungal agents and that invasive
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or weedy species may be a useful source for developing antifungal products useful
on commercial scale. Eloff er al. (2007) elaborated that invasive plant species
have increased resistance to fungal pathogens which help them to thrive under
conditions where most other species fail. Requirement of sufficiently large
quantity of raw materials is the major drawback in developing antifungal products
from plants (Mdee et al., 2009). Weeds may therefore become a readily available
source of raw materials for plant based fungicidal agents (Aderogba ef al., 2014).
Exploration of the antifungal activity of weeds remains an area of interest, but not
many reports are available on the exploitation of the antifungal property of weed
plants. The data regarding the use of weeds as antifungal agents are scanty.

Several higher plants and their constituents have been successful in plant
disease control and have proved to be harmless and non-phytotoxic, unlike
chemical fungicides (Alam et al., 2002). If the antifungal property resides in
weeds, that will be an added advantage. Rodino et al. (2014) reported that 10 per
cent ethanolic extract of the weed, Xanthium strumarium inhibited the mycelial
growth (86.7%) of Alternaria alternata. According to Aderogba er al. (2014),
invasive and weedy species may serve as a source of biologically active extracts
or compounds with application in plant protection. They reported that the acetone
crude extract of Pseudognaphalium luteoalbum had strong antifungal activity
against  Aspergillus  niger,  Aspergillus  parasiticus,  Colletotrichum
gloeosporioides, Fusarium oxysporum, Penicillium expansum, Penicillium
Jjanthinellium, Phytophthora nicotiana, Pythium ultimum and Trichoderma
harzianum. Two antifungal compounds, viz., hispidulin-7-o-glucopyranoside and
stigmastero-3-o-beta-glucopyranoside were isolated from the weedy species.

Prasad and Niza (2014) reported that jeevamrutha at 10 per cent
concentration showed maximum (85.18 %) inhibition of the mycelial growth of R.
solani which was on par with jeevamrutha 20 per cent (79.62 %) during in vitro
studies.
2.3.2 Botanicals

Natural products from many plants are known to control many plant

pathogens (Khan et al., 1979). Vijayan (1989) reported that garlic bulb extract
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inhibited the spore germination and mycelial growth of Alternaria solani. Hippe
(1991) reported that the accumulation of lipid bodies, thickening of cell walls and
undulations of plasmalemma of the cells caused by garlic extract are similar to
those produced by some synthetic fungicides. Ten ml of the garlic bulb extract
caused physiological alterations of the hypha of Pythium ultimum that appeared
collapsed. 100 ml of garlic extract resulted in serious damage of the mycelium of
R. solani, Colletotrichum lindemuthianum, and F. solani appeared fragmented
under Standard Electron Microscope. When observed under Transmission
Electron Microscope, 10 and 100 ml/L aqueous extract concentration caused
alterations in the cell structure of R. solani, P. ultimum and C. lindemuthianum.
Increase in the number and size of the vacuoles was the most frequent
modification observed. R. solani showed a marked thickening in the cell walls up
to twice the size of control (Bianchi et al., 1997).

The Allium sativum extracts caused inhibition of Curvularia penneseti in
pearl millet (Singh, 2008). 10 per cent clove extract of Allium sativum was
reported to be the most effective treatment in suppressing the mycelial growth of
seed borne fungi of green gram, viz., Fusarium oxysporum (62.8%), Aspergillus
niger (62.1%) and R. solani (61.2%) (Swami and Alane, 2013). Ravi et al. (2014)
reported that garlic extract at 15 per cent concentration caused 78.89 per cent
inhibition of mycelial growth of R. solani inciting leaf blight of Andrographis
paniculata. Srinivas et al. (2014) reported that among the 13 plant extracts
evaluated in vifro against R. solani, garlic extract (10%) was the most effective.
Sugha (2005) reported that panchagavya was found effective against R. solani
(95.31%), F. solani (98.96%), F. oxysporum f. sp. capsici (92.89%) and
Colletotrichum capsici (97.91%) at 10 per cent concentration. Panchagavya
resulted in 86.3 per cent inhibition of the mycelial growth and 95.9 per cent
inhibition of spore germination of Curvularia lunata in vitro (Sumangala and
Patel, 2009). Joseph and Sankarganesh (2011) reported that 1000 pL dilution of
panchagavya showed 100 per cent antifungal activity against F. oxysporum, F.
solani and Rhizopus oligosporus. Adhao (2013) reported that under in vitro

conditions four per cent panchagavya suppressed the mycelial growth of

.



Fusarium oxysporum. Anees (2014) reported that panchagavya at 2.5, 5 and 10
per cent concentrations completely inhibited the mycelial growth of Pythium
aphanidermatum. Panchagavya was tested against the major pathogens of bell
pepper and was found most effective against Sclerotinia sclerotiorum with 100
per cent inhibition followed by Sclerotium rolfsii (99.73%) and Phytophthora
nicotiana (98.71%) at all the tested concentrations (Ashlesha and Paul, 2014).

The botanicals viz., Chromolaena odorata and Ocimum sanctum as well as
the neem based formulation, nimbicidine were found to be effective against sheath
blight disease (Saifunneesa and Niza, 2001). Cow urine at 100 per cent
concentration resulted in 87.53 per cent reduction in mycelial growth of R. solani
causing black scurf of potato (Sirari et al., 2015). The mycelial growth of
Rhizoctonia solani causing leaf blight disecase of amaranthus was completely
inhibited in vitro by fermented egg - lemon juice extract as well as lime solution,
followed by fermented tapioca - rind extract, fermented weed (Setaria barbata)
extract, fermented papaya leaf extract, fish amino acid as well as turmeric powder
— baking soda mixture (Sajeena et al., 2015).

Neem oil produced maximum inhibition zone of 7.2 mm at 20 pg/ ml
against Ralstonia solanacearum (Pankaj et al, 2015). Turmeric powder and
baking soda (10:1) combination inhibited the maximum growth of R. solani,
causing the leaf blight of amaranthus by 64.40 percentage (Gireesh and
Radhakrishnan, 2016). They also reported that fish amino acid at 5 percentage
concentration resulted in 29 percent inhibition of the mycelial growth of R. solani
causing leaf blight of amaranthus.

2.3.3 Non-hazardous chemicals

Data on the inhibitory effect of calcium carbonate on the mycelial growth
of fungal pathogens is scanty. The calcium content of nutrient solution influenced
infection as well as club root development and was influenced by pH (Myers and
Campbell, 1985). Incubation of the resting spores with 1 M calcium chloride
reduced the spore viability. Calcium carbonate (250 pg/ml) nano particles
showed good antibacterial effect and after 16 hours, the Agrobacterium

tumefaciens totally diminished (Ataee er al., 2011).
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Silicon has been reported to increase the disease resistance of monocot and
dicot plants. Negative correlations between the silicon content of plant tissues
and disease severity have been reported for blast and sheath blight of rice (Mathai
et al., 1978; Aleshin et al., 1986), powdery mildew disease of barley (Jiang et al.,
1989), wheat (Leusch and Buchenauer, 1989) and cucumber (Menzies et al.,
1991). Biggs et al. (1997) reported 65 per cent growth reduction of Monilinia
fructicola, the causal fungus of brown rot of peach on PDA amended with calcium
silicate. According to Kaiser et al. (2005) all concentrations from 5 to 80 ml/L
PDA of soluble silicon completely suppressed Colletotrichum coccodes, Mucor
pusillus, Sclerotium rolfsii, Sclerotinia sclerotiorum and Phytophthora
cinnamomi. Bekker et al. (2009) reported that soluble potassium silicate inhibited
the mycelial growth of Phytophthora cinnamomi and P. capsici at all the
concentrations (20 — 80 ml/L) tested. He proposed that silicon may act as the first
protective barrier in silicon treated plants and inhibit pathogen colonization and
infection by inhibiting the fungal growth on plant surface.

2.3.4 Soil amendments

Geogy and Rajan (1990) reported that the soil amendments viz, neem cake
and lime reduced the disease severity and increased the grain and straw yield.
FYM, Glyricidia, neem cake, 7. harzianum, beejamrutha, neem seed kernel
extract and Pseudomonas fluorescens have been reported to be very effective
against sheath blight (Sridhar and Patil, 2009). Neem cake was most effective in
reducing the sheath blight incidence from 77.5 to 27.5 per cent and the disease
severity from 23.75 to 2.55 per cent (Senapoty, 2010). 5 per cent concentration of
neem oil cake caused 20.41 per cent inhibition of the mycelial growth of R. solani
(Lenka and Pun, 2014).

2.4 INHIBITION OF SCLEROTIA OF PATHOGEN

Palo (1926) reported the survival of sclerotia of the sheath blight fungus
for several months in the soil. Sclerotia are considered to be the most important
source of inoculum of R. solani (Allison, 1951). Myers and Campbell (1985)
reported that 1 M calcium chloride reduced the spore viability of club root

pathogen. Calcium chloride and calcium hydroxide at 1.5 and 2 per cent decreased
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the spore germination and germ tube growth of Colletotrichum acutatum, C.
gloeosporioides, Alternaria alternate and Penicillium (Stosic et al., 2014).

Garlic extract at 10 per cent concentration showed total inhibition of
sclerotial production of the sheath blight pathogen, R. solani (Dutta et al., 2004).
Production of conidiophores and oospores by Hyaloperenospora parasitica, the
causal agent of downy mildew of Arabdopsis was inhibited by garlic juice (Curtis
et al., 2004). Portz et al. (2008) found that garlic extract inhibited the germination
of sporangia and cysts and germ tube growth by Phytophthora infestans both in
vitro and in vivo on the leaf surface of cucumber. The disease severity was
reduced by 45 to 100 per cent on tomato seedlings when sprayed with garlic juice
containing allicin at 55- 100 pg/L. The survival of the sheath blight fungus is
through the sclerotia dropped in fields during harvest, which will infect the next
season crop (Kumar et al., 2009). Panchagavya at 5 per cent concentration
resulted in 95.9 per cent inhibition of the spore germination of Curvularia lunata
in vitro (Sumangala and Patel, 2009).

2.5 IN VIVO MANAGEMENT OF THE DISEASE
2.5.1 Organic Preparations

The development of resistance to common fungicides and increasing
restrictions on the use of toxic materials in the environment has given an impetus
to the search for novel plant protectants that interfere with the fungal
pathogenicity (Srivastava and Singh, 2011). No scientific reports are there
regarding the plant disease management by foliar application of fermented egg-
lemon juice extract. Few reports are available regarding plant disease
management using the extracts of weeds. Foliar spraying with the methanol
extract of Datura metel was controlled rice sheath blight through direct
antimicrobial effect of this extract as well as by induced resistance (Kagale et al.,
2004). Khoa et al. (2011) reported that under controlled and semi field
conditions, foliar spray and seed soaking application of either fresh or dried leaf
extract of the weed, Chromalaena odorata (10%) gave up to 68 per cent reduction
in sheath blight lesion length.



Patil (2009) reported that 3 sprays of vermiwash at 50 per cent and
panchagavya at 3 per cent were the most effective indigenous technology
knowledge for controlling soyabean rust and for increasing grain yield. Anuja
(2010) opined that the application of panchagavya could suppress the foliar blight
of amaranthus caused by R. solani by 47.29 per cent. Chadha ef al. (2012)
concluded that the application of panchagavya, compost tea and jeevamruth were
effective in enhancing the productivity of the crop as well as in suppressing the
growth of various pathogens. Panchagavya (10%) suppressed Choanephora pod
rot of cowpea by 71.9 percentage (George, 2015).

2.5.2 Botanicals

Portz et al. (2008) found that garlic extract reduced the disease severity by
45 to 100 per cent on tomato seedlings infested by Phytophthora infestans when
sprayed with garlic juice containing allicin (55 to 100 microgram per L). The leaf
extract (1% and 5%) of Allium sativum was effective treatment in reducing early
blight disease severity (20.8% and 15.3% respectively) caused by Alternaria
solani under greenhouse conditions (Sallam, 2011). The disease severity of early
blight was greatly reduced by Metalaxyl-M (2g/L) followed by Allium sativum
(5%) in field conditions by 57.6 percentage. Arzoo et al. (2012) reported that the
minimum disease intensity (8.93%) was reported in garlic extract (10%) treated
plants against Fusarium wilt of tomato caused by F. oxysporum f{. sp. lycopersici.
2.5.3 Non-hazardous chemicals

Field and green house trials have shown that calcium or magnesium in
lime may affect disease development independent of pH (Fletcher et al., 1982).
Liming is considered to be one of the most widely used control measures for club
root of crucifers caused by Plasmodiophora brassicae (Myers and Campbell,
1985). Liming raises the soil pH to 7.2 or above for adequate control. Myers and
Campbell (1985) proposed that calcium and a high pH may have little fungicidal
effect on resting spores, but may affect the pathogen penetration or development
in the host. Soils treated with calcium carbonate particles significantly lowered

the population of Ralstonia solanacearum (bacterial wilt of tobacco) nearly 100
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times and after 60 days, the disease incidence was less than one per cent (He et
al., 2014).

Foliar application of silicon to field plants is a potentially viable
alternative to root zone application (Menzies ef al., 1992). Inanaga et al. (1995)
reported that silicic acid competes with calcium for binding sites on the cell wall
after forming complexes with polyhydroalcohols, organic acids, phenol
carbohydrates and lignin. Sun et al. (2002) reported reduction in the incidence of
anthracnose disease in cucumber caused by Colletotrichum orbiculare by the
application of silica. Studies conducted in cucumber leaves investigating the
process of infection in plants showed that resistance to infection can be acquired
by the expression of a protein rich in proline together with the presence of silica at
the site of pathogen penetration (Kauss et al., 2003). An average of 63 per cent
reduction of angular leaf spot of bean by the application of potassium silicate was
reported by Moraes et al. (2005). Silicon amendments proved to be effective in
controlling both soil borne and foliar fungal diseases in cucumber, rice, sugarcane,
turf and several other plant species (Datnoff er al., 2007). Silicon-enhanced
disease resistance is hypothesized in two ways viz., the accumulated silicon on
tissues act as a physical barrier and prevents penetration thereby making the cells
less susceptible to enzymatic degradation by fungal pathogens (Heine ez al., 2007)
and that it acts as a signal that induces different chemical defenses against
pathogens.

Polanco er al. (2014) reported that foliar application of potassium silicate
resulted in the control of anthracnose in common bean, probably due to the
formation of a physical barrier as a result of silicon deposition on leaf surface or
due to the osmotic effect of silicate sprayed on the leaf and thereby, the disease
severity was reduced by 41 percentage by the foliar application of potassium
silicate. Liquid potassium silicate at 200 mg silicon/kg treatment resulted in
highly significant disease suppression of 37 to 53 per cent reduction of downy
mildew in bitter gourd caused by Pseudoperonospora cubensis (Ratnayake et al.,

2016). Devi and Nayar (2016) reported that snake gourd plants sprayed with 0.5
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per cent potassium silicate had low incidence (10.71%) and disease severity
(0.71%) of anthracnose and recorded 89.12 percentage disease suppression.

2.6 EFFECT OF THE TREATMENTS ON BIOMETRIC AND YIELD
ATTRIBUTES OF RICE

Wallingford (1980) mentioned that potassium is involved in the activation
of more than 60 enzymes necessary for energy utilization, starch synthesis,
nitrogen metabolism and respiration. Four sprays of panchagavya at three per
cent and moringa leaf extract spray at 25 ml/plant resulted in higher plant height,
number of branches per plant in tomato. Potassium is needed for stimulating
plasma lemma ATPase that produces the necessary conditions for the metabolites
like sucrose and amino acids (Barker and Pilbeam, 2007). Rathore ef al. (2009)
reported that foliar application of sea weed extract significantly enhanced the
yield parameters of soyabean.

The fruit characters of sapota like fruit weight (99.6g), fruit length
(5.55cm), fruit diameter (5.58cm), volume (102.38cm’) and maximum shelf life
(10.9 days) were recorded in treatments with foliar application of potassium
silicate @ 8ml per litre (Lalithya er al., 2014). The highest grain yield in
transplanted rice was recorded in the treatment with application of 15 percentage
sap of Kappaphykus (a sea weed) (in 6.55 tons) together with the recommended
dose of fertilizers (RDF) followed by 15 percentage sap of Gracilaria together
with the RDF (6.25 tons) which resulted in 41.47 and 34.99 percent increase
respectively (Pramanick ef al. (2014). Ratnayake et al. (2016) reported that the
growth parameters such as number of leaves, flowers and fruits per plant were
significantly higher in silicon treated plants at 200 ppm.

2.7 CHEMICAL ANALYSIS

Fermented liquid organic manures contain plant growth promoting
substances nutrients and microbial load that help in improving plant growth,
metabolic activities and resistance to pest and diseases (Gore and Sreenivasa,
2011). They analyzed the pH and the nutrient status of organic liquid manures
and found that panchagavya contained the maximum total nitrogen (1000 ppm),

phosphorous (175.40 ppm) and potassium (194.1 ppm) with a near neutral pH of
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6.82. They reported that there was significant improvement in growth and yield
with the combined application of liquid organic manures and RDF as compared to
RDF alone.

In addition to mineral fertilization, bio-stimulants can enhance the
effectiveness of fertilizers as well as nutrient utilization from soil (Frankenberger
and Arshad, 1995). Rathore et al. (2009) reported that improved nutrient uptake
of N, P, K and S was observed with the application of sea weed extract at 12.5 and
15 percentage in soyabean. Growth enhancing potential of the sea weed extract
might be due to the presence of macro and micro nutrients. The highest value of
total potassium content in wheat leaves were noticed by potassium silicate at 400
ppm (Salim et al.,, 2011; Salim et al., 2013). They also proposed that the
increment in the percentage of potassium in leaves is due to potassium silicate
application rate.

All potassium treatments have strongly stimulating effect on mineral
nutrients N, P, K, Mg, Zn, Mn and Fe as well as the protein concentration (Salim
et al., 2014). Lalithya er al, (2014) observed that the nutrients like nitrogen
(1.583%), phosphorus (0.175%), potassium (1.2%) and silicon (1.2%) in leaves
were recorded highest with potassium silicate spray at 8ml/L. Silicon application
avoided leaching loss of nitrogen and helped in more accumulation of nitrogen in
leaves. Silicon rendered more phosphorous availability to the plants reversing its
fixation as silicon itself competed for phosphorous fixation and the slowly
released phosphorous helped in more accumulation of P content in the leaf.
Pramanick et al. (2014) studied that the use of sea weed extract increased N, P
and K uptake significantly by grains at higher concentrations and was the
maximum at 15 percentage of sea weed extract. The saps also enhanced the
nutrient uptake by the crop.

The perusal of the literature clearly indicated that not much work have
been taken up regarding the antifungal potential or the mode of action of
potassium silicate or fermented weed extract or fermented egg-lemon juice extract

against R. solani causing sheath blight of rice.
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3. MATERIALS AND METHODS

The present work entitled “Organic strategy for the management of sheath
blight disease of rice” was undertaken during 2015-2017. The laboratory
experiments were conducted at Integrated Farming System Research Station
(IFSRS), Karamana and the pot culture experiment was laid out at College of
Agriculture, Vellayani. Different isolates of the sheath blight fungus were
collected from which the most virulent isolate was identified, which was used for
the management of the disease under laboratory and pot culture conditions. The
relevant details of the materials used and the experimental procedures that were
followed are presented in this chapter.

3.1 ISOLATION OF SHEATH BLIGHT PATHOGEN
3.1.1 Collection of Samples for Isolation

Rice plants showing typical symptoms of sheath blight disease were
collected from seven rice growing tracts of Thiruvananthapuram district to isolate
the rice sheath blight fungus. A detailed study of the symptoms of the disease in
the infected plants was made following standard procedures (Lee and Rush,
1983). Detailed observations such as the location from where the disease samples
were collected, the stage of the crop affected, nature of the symptoms observed,
presence or absence of sclerotia under natural conditions as well as the characters
of the sclerotia were recorded for each of the disease affected plant samples
collected from the different rice growing tracts.

3.1.2 Isolation of the Pathogen

Isolations were made from seven sheath blight samples collected from
different rice growing tracts of Thiruvananthapuram following standard procedure
(Rangaswami, 1958) from the sheath blight infected plant samples on potato
dextrose agar (PDA) medium. Leaf sheaths showing characteristic symptoms of
sheath blight were washed thoroughly and cut into small bits of 1.0 to 1.5 cm.
The infected leaf sheath portions along with healthy regions were selected for the
isolation of the fungus. The bits of leaf sheaths of each sample were separately

surface sterilized using 0.1 per cent mercuric chloride for one min and washed in
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three changes of sterile distilled water. The surface sterilized leaf bits were
transferred to 90 mm sterile petri plates containing PDA medium amended with
streptomycin sulphate and incubated at room temperature (28 + 2°C). The plates
were observed for mycelial growth of the fungal isolates. The fungal colonies
exhibiting typical characters of the sheath blight fungus, which were consistently
obtained during the isolation from the disease specimens, were transferred to PDA
slants (Aneja, 2003).
3.1.3 Purification of the Isolates

The pure culture of each isolate of the fungus was obtained by hyphal tip
culture method (Rangaswamy and Mahadevan, 2006) and stored at room
temperature (28 + 2°C) for conducting subsequent studies.
3.1.4 Pathogenicity Studies

Pathogenicity tests of the seven isolates obtained and maintained as in
3.1.3 were conducted at the Department of Plant Pathology, College of
Agriculture, Vellayani on the rice variety Uma. Healthy rice plants were
transplanted into UV stabilized 600 gauge, 150 p grow bags (40 cm x 24 cm x 24
cm) which were filled with sandy clay loam soil (10 kg) having a pH of 5.5 with
the water level maintained at five cm. Pathogenicity of each of the seven isolates
of R. solani was tested by sheath inoculation method (Sharma and Thrimurty,
2004). Healthy rice plants at active tillering stage (45 days after sowing (DAS))
were artificially inoculated in the leaf sheath by inserting five mm myecelial bits of
seven days old culture of each isolate along with sclerotia. The inoculated portion
of the sheath was then covered with a thin layer of moist cotton. Rice plants
inoculated with PDA culture discs alone (without the pathogen) were maintained
as the control for each isolate. The artificially inoculated plants were covered
with finely perforated polythene covers to maintain humidity in order to induce
sheath blight symptom development. All the inoculated plants were observed
daily for the appearance of typical symptoms of sheath blight. The pathogen
isolates were re-isolated when the characteristic symptoms of the disease appeared

on the inoculated leaf sheaths. The number of days taken for symptom
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development, lesion size as well as the sclerotial formation and their characters
were also recorded for the plants inoculated with each of the isolate.
3.1.5 Virulence Rating

Virulence rating was done to determine the most virulent isolate of the
pathogen among the seven isolates collected from the different rice growing
tracts. Virulence was assessed for each of the isolate by two methods.
3.1.5.1 Cut Stalk Assay Method (Pillai, 1990)

The susceptible rice variety Uma was used for this study. Rice stalks each
of 15 cm length were excised during the active tillering stage and were kept on
moist cotton placed in 19.5 cm diameter petri plates. A single sclerotium along
with five mm mycelial disc of seven days old culture of each fungal isolate was
placed inside the sheath of each cut stalk with the help of a sterile forceps. Un-
inoculated control was also maintained by inoculating the sheath with five mm
PDA disc alone without any inoculum. The inoculated stalks were covered with a
thin layer of moist cotton and sprinkled with water periodically to maintain
humidity. Three replications were maintained for each isolate. On the seventh
day after inoculation (DAI), the length of the lesions produced by each isolate on
the cut stalk was recorded.
3.1.5.2. Direct Inoculation on Rice Plants (Singh et al., 2003)

Healthy rice (variety Uma) seedlings were transplanted into UV stabilized
600 gauge, 150 p grow bags (40 cm x 24 cm x 24 cm) which were filled with
sandy clay loam soil having a pH of 5.5. The water level in the soil was
maintained constantly for attaining optimum growth conditions.

Each of the seven fungal isolates was artificially inoculated on potted rice
plants at 45 days after transplanting. Three pots were maintained for each isolate.
The plants were artificially inoculated by placing one sclerotium along with five
mm mycelial bits of seven days old culture of each isolate inside the outer most
sheath portion. Rice plants inoculated with PDA culture discs alone (without the
pathogen) were maintained as the control for each isolate. The inoculated portion
was then covered with a thin layer of moist cotton and the plants were covered

using finely perforated polythene covers to maintain adequate humidity for
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disease development. The plants were observed daily for symptom development
until lesions were produced on the sheath. The observations on symptom
development, relative lesion height (RLH) on the 5%, 7%, 10" and 15" DAI as well
as the total number of disease affected tillers produced by each isolate were
recorded. The RLH (Sharma et al., 1990) was calculated using the formula;

RLH = (Lesion height in cm/Plant height in cm) x 100
3.1.5.3. Selection of the Most Virulent Isolate

The most virulent isolate of the pathogen was selected based on the results
of both the cut stalk assay and direct inoculation method.

3.2 CHARACTERIZATION OF PATHOGEN

A comparative study of the morphological and cultural characteristics of
the different isolates of R. solani obtained as in 3.1.3 was conducted in detail.
3.2.1 Morphological Characterization of Pathogen

The morphological characters of the pathogen were studied by preparing
slides stained with cotton blue (Appendix II) and observing under 45X and 100X
magnification of Leica DM 750.

3.2.2 Cultural Characterization of Pathogen

The cultural characteristics of the pathogen were studied by growing them
on PDA medium and observing the mycelial characters such as nature of mycelial
growth, colour of the colony, texture and sclerotial characters such as the days for
pin head formation, the number and average size of sclerotia and the distribution
pattern of the sclerotia of each isolate.

PDA medium (15-20 ml) was poured into 90 mm diameter sterile petri
plates under aseptic condition and was allowed to solidify. Five mm discs of
seven days old culture of each isolate was placed at the centre of the petri plates.
The plates were incubated at room temperature till the completion of mycelial
growth. Three replications were maintained for each of the isolate.

3.2.3 Tentative Identification of Pathogen
The pathogen was tentatively identified based on the morphological and

cultural characteristics.
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3.2.4 Confirmation of Pathogen

The pure culture of the most virulent isolate obtained as in 3.1.5.2 was
submitted to the National Fungal Culture Collection of India (NFCCI), Agarkhar
Research Institute, Pune for morphological and molecular identification of the
pathogen.
3.2.4.1 Morphological Identification

The identification was based on morphological characters of the fungus
under in vitro culture.
3.2.4.2 Molecular Identification

The identification was based on the ITS (Internal Transcribed Space)
region of IDNA of the fungus. The genomic DNA was isolated in pure form from
the culture. The ITS region of IDNA was successfully amplified using the fungal
universal primers ITS4 & ITSS5. The sequencing PCR was set up with ABI-
BigDye® Terminatorv3.l Cycle Sequencing Kit. The raw sequence obtained
from ABI 3100 automated DNA sequencer was manually edited for
inconsistency. The sequence data was aligned with publicly available sequences
and analyzed to reach the identity (Altshul e al., 1990).
3.3 IN VITRO PATHOGEN SUPRESSION

Indigenous organic preparations, botanicals, non-hazardous chemicals and
soil amendments were tested for their potential in inhibiting the mycelial growth
of R. solani under in vitro conditions at IFSRS, Karamana by poisoned food
technique (Nene and Thapliyal, 1979) as follows,

Design : Completely Randomized Design (CRD)
Replications : Three
Treatments  : 20
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Table 1. Details of treatments selected for in vitro studies

Treatment Description

T, Fermented tapioca (Manihot esculenta L.) leaf and rind (1:1)
extract in cow’s urine diluted in water (1:5)

T> Fermented papaya Carica papaya L.) leaf in cow’s urine
diluted in water (1:1:5)

T; Fermented weed (Setaria barbata 1..) extract (100%)

T, Neem cake (500 kg/ha)

Ts Fish amino acid (5%)

Te Fermented egg — lemon juice extract (10%)

T Panchagavya (5%) (KAU, 2009)

Tg Cow dung supernatant (10%)

Ty Biogas slurry (10%)

Tio Turmeric (Curcuma longa 1.) + baking soda (4:1) mixture
(5g/L water)

Tn Turmeric (Curcuma longa L.) + baking soda (4:1) mixture
(5g/L rice gruel water (kanjivellam))

T2 Turmeric (Curcuma longa L.) + baking soda (4:1) mixture
(5g/L cowdung supernatant)

T3 Potassium silicate (1%)

Tha Lime solution (12.5%)

Tis Jeevamruth (10%)

Tis Diluted cow’s urine (10%)

Ty7 Neem (Azadiracta indica A. Juss.) oil (2%)

Tis Garlic (Allium sativum L.) extract (10%)

Tie Tulsi (Ocimum sanctum L.) extract (10%)

T Control




3.3.1. Preparation of Indigenous Organic Preparations
3.3.1.2 Fermented tapioca leaf and rind extract (Sajeena et al., 2015)

Fermented tapioca leaf and rind extract in cow’s urine diluted in water was
prepared by weighing out fresh leaves and rind of tapioca (one kg each on w/w
basis) and chopping them into small pieces. The chopped bits were then
immersed in cow’s urine (1 L) diluted five times with water. The preparation was
stirred daily once and kept for fermentation for a period of seven days and then
filtered through muslin cloth to obtain the required extract for the in vitro study.
3.3.1.2 Fermented papaya leaf extract (Sajeena et al., 2015)

One kg fresh leaves of papaya was weighed and immersed in cow’s urine
(1 L) diluted five times with water. The preparation was stirred daily once and
kept for fermentation for seven days and then filtered through muslin cloth to
obtain the required extract for the in vitro study.
3.3.1.3 Fermented weed extract (Sajeena et al., 2016).

Two and a half kg of the weed viz., (Setaria barbata) (mary grass/ corn grass)
was weighed, washed thoroughly to remove soil and dirt and was cut into small
pieces. 20 g each of salt powder, tamarind (pulp) and powdered jaggery
(sugarcane product) were added to the cut bits of the weed taken in a container
and the mixture was diluted using 10 L of water. The mixture was stirred daily
once and was kept for fermentation for a period of 21 days. The fermented
preparation was filtered through muslin cloth and used directly for further studies.
3.3.1.4 Fish amino acid (Weinert et al., 2014)

Sardine fish and jaggery were used for the preparation of fish amino acid.
One kg of fresh sardine fish (Sardina pilchardus) was cut into small pieces. One
kg of jaggery (sugarcane product) was powdered. The cut pieces of fish and
powdered jaggery (1:1 ratio on w/w basis) were filled in a container as layers, one
above the other. The container was covered tightly using a muslin cloth for

provision for air circulation. The mixture was kept undisturbed for 21 days after
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which it was filtered through muslin cloth. The filtered extract was used at the
rate of five per cent concentration for the inhibition studies against R. solani.
3.3.1.5 Fermented egg-lemon juice extract (Sajeena et al. 2016)

Fermented egg-lemon juice extract was prepared using hen eggs, lemon
juice and powdered jaggery. Twelve raw eggs were taken in a container. Lemon
juice was squeezed and poured over the eggs such that the eggs got immersed in
the juice. This preparation was kept undisturbed for ten days. On the tenth day,
500 g of powdered jaggery (sugarcane product) was added to the mixture and
stirred thoroughly. This was kept undisturbed for ten more days. The preparation
was ready for use after 21 days. This was filtered through muslin cloth and used
at the rate of ten per cent concentration for further studies.
3.3.1.6 Panchagavya (KAU, 2009)

Panchagavya is an organic preparation based on the five products obtained
from cow along with certain other natural materials. Initially, fresh cow dung (7
kg) and cow ghee (1 kg) were mixed thoroughly in a clean container and was kept
aside for three days. The mixture was stirred thoroughly twice a day during
morning and evening hours. After three days, cow urine (10 L) and water (10 L)
were added to this mixture and was kept aside for another 15 days, with regular
mixing twice a day. After 15 days, cow’s milk (3 L), cow’s curd (2L), tender
coconut water (3L), jaggery (3 kg) and well ripened Poovan banana (12 Nos.)
were added to the above mixture. The mouth of the container was properly
covered and the container was kept under shade with regular stirring. The
prepared Panchagavya mixture was ready for use after 30 days and was used at
the rate of five per cent concentration.
3.3.1.7 Cow dung supernatant (KAU, 2009)

One kg of fresh cow dung was weighed and diluted with 10 L of water.
The clear solution obtained after filtering the supernatant liquid, was used directly

for in vitro inhibition studies.



3.3.1.8 Biogas slurry (KAU, 2009)

Biogas slurry collected from the biogas plant installed at IFSRS,
Karamana was diluted to ten times with water and was used directly for in vitro
inhibition studies.
3.3.1.9 Turmeric - baking soda mixture in water (Bhadrasree, 2007)

Turmeric powder mixed with baking soda in 4:1 ratio (on w/w basis) was
diluted with water (1 L) and the fresh preparation was used directly for inhibition
studies.
3.3.1.10 Turmeric - baking soda mixture in rice gruel water

Turmeric powder mixed with baking soda in 4:1 ratio (on w/w basis) was
diluted with fresh rice gruel water (kanjivellam) (1 L) and the fresh preparation
was used directly for inhibition studies.
3.3.1.11 Turmeric - baking soda mixture in cow dung supernatant

Turmeric powder mixed with baking soda in 4:1 ratio (on w/w basis) was
diluted with cow dung supernatant (1 L) as described in 3.3.1.7 and the fresh
preparation was used directly for inhibition studies.
3.3.1.12 Jeevamruth (Chadha et al., 2012)

Fresh cow dung (10 kg), fresh cow urine (10 L), powdered jaggery
(sugarcane product) (2 kg), pulse (green gram) flour (2 kg) and a hand full of
fertile soil (soil collected from cultivated field without any accumulation of
chemical fertilizers/pesticides) were taken in a vessel and mixed with 20 L of
water. The mixture was filtered through muslin cloth after one week and was
used at a rate of ten per cent concentration for the in vifro studies.
3.3.1.13 Fresh cow urine (KAU, 2009)

Fresh cow urine was diluted ten times with water and was used directly for
in vitro inhibition studies.

3.3.2 Botanicals
3.3.2.1 Neem oil (KAU, 2009)
Commercial neem oil @ 2 per cent concentration was prepared and used

for in vitro studies against R. solani.
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3.3.2.2 Garlic extract (Kumar and Tripathi, 2012)

Garlic (Allium sativum) extract was prepared by weighing out 100 g of
clean, descaled fresh garlic bulbs which were homogenized in 100 ml (1:1 ratio)
of distilled water. This extract was filtered through muslin cloth and used at the
rate of ten per cent concentration for inhibition studies.
3.3.2.3 Tulsi extract (Saifunneesa and Niza, 2001)

Basil/Tulsi (Ocimum sanctum) extract was prepared by weighing out 100 g
fresh, clean leaves of the plant and chopping them into small bits. The bits were
macerated with water (1:1 ratio on w/v basis) and filtered through two layers of
muslin cloth. This extract was used at the rate of ten per cent concentration for in
vitro studies.

3.3.3 Non-hazardous Chemicals
3.3.3.1 Potassium silicate (Devi and Nayar, 2016)

Potassium silicate with 25 per cent silica and seven per cent potassium was
used at the rate of one per cent concentration for in vitro inhibition studies.
3.3.3.2 Lime solution (Sajeena et al., 2015)

Lime containing calcium @ 12.5 per cent concentration was used for in
vitro inhibition studies against R. solani.

3.3.4 Soil Amendments
3.3.4.1 Neem cake (Lenka and Pun, 2014)

Fifty grams of neem cake was weighed and soaked in 100 ml distilled
water for 24 h. Subsequently, it was filtered through double layered muslin cloth.
The extract (20 ml) was mixed with 80 ml of molten PDA in 250 ml conical flasks
to get ten per cent concentration which was used for in vitro inhibition studies.
3.3.5 In vitro Evaluation of the Treatments against R. solani

In vitro evaluation studies were performed to assess the potential of the
various treatments in inhibiting the mycelial growth of rice sheath blight fungus,
R. solani by poisoned food technique (Nene and Thapliyal, 1979). Double
strength PDA (40 g agar, 40 g dextrose and 400 g potato in 1 L water) was
prepared and sterilized in 250 ml conical flasks. All the treatments except the

non-hazardous chemicals were filtered by passing through Whatman No 1 filter



paper and further through bacterial filters (0.2 pm) before their amendment to
PDA medium. Each of these treatments were mixed with sterile water in required
quantity under aseptic conditions and added to double strength PDA medium to
get the desired concentration for the in vitro suppression studies. 15 mL of each
amended medium was poured into 90 mm sterile petri plates and allowed to
solidify. Five mm discs of seven days old culture of the most virulent isolate of R.
solani was placed at the centre of petri plates containing each treatment amended
media under aseptic conditions. The plates were sealed and incubated under room
temperature (28 + 2° C). The un-amended PDA medium inoculated at the centre
with the pathogen served as the control. Observations were taken when full
growth of the fungus was attained in the control plates. The percentage inhibition
of the mycelial growth of R. solani in the amended medium over that in the
control plate was calculated using the formula (Vincent, 1947) as follows;

[=C-Tx 100

&

I - Percentage inhibition
C - Growth (cm) of the fungus in control plates
T - Growth (cm) of fungus in treatment amended plates
3.3.6 Selection of Best Treatments

The best five treatments exhibiting the maximum inhibition of the
mycelial growth of sheath blight pathogen in in vitro suppression studies were
selected for further studies.
3.4 EFFECT OF SELECTED TREATMENTS ON SCLEROTIA

A study was undertaken to find the potential of the best effective
treatments selected from in vifro suppression studies for their potential in
inhibiting the mycelial regeneration from sclerotia. For this, the sclerotia were
dipped in the treatments separately for different time intervals viz., 24, 48 and 72
h. The sclerotia collected from seven days old culture plates of R. solani were

used for this assay. The sclerotia that were dipped in each treatment for different

<
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time intervals were placed separately on solidified PDA medium poured in sterile
petri plates at the rate of one sclerotium per plate. The sclerotia dipped in sterile
distilled water served as the control. The mycelial growth (regeneration) from the
sclerotia was observed from 24 h after inoculation. The mycelial growth from the
sclerotia as well as the per cent reduction of the mycelial growth over control

were measured using the following formula (Vincent, 1947)

I=C-T % 100
C

I - percentage inhibition/per cent reduction over control
C — mycelial growth (cm) from sclerotia in control plates
T - mycelial growth (cm) from sclerotia in treated plates
3.5 IN VIVO MANAGEMENT STUDIES

A pot culture experiment was conducted at College of Agriculture,
Vellayani to evaluate the efficacy of the effective treatments screened from the in
vitro study for the management of sheath blight disease. The experiment was laid
out as described below:

Design Completely Randomized Design (CRD)

Replications Three

Treatments 11

Variety Uma

The treatments selected for the study were the five best treatments selected
from in vitro suppression studies along with five checks viz., hexaconazole
(1ml/L), Trichoderma viride (KAU isolate) (20 g/L), Pseudomonas fluorescens 1
(KAU isolate) (20 g/L), inoculated untreated control and un-inoculated untreated
control.
The rice seedlings were transplanted to UV stabilized 600 gauge, 150 p grow

bags (40 em x 35 cm x 32 cm) which were filled with 20 kg sandy clay loam soil
having a pH of 5.5. The water level in the grow bags were constantly maintained

at five cm. Twenty days old seedlings were transplanted from the nursery into
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grow bags. The fertilizer application and pest control practices were followed
according to the Package of Practices (POP) recommendations of KAU (2016).
3.5.1 Preparation of inoculum of R. selani (IRRI, 1986)

R. solani was artificially inoculated in the soil for pot culture studies to
obtain uniform symptom development and for evaluating the potential of different
treatments in managing the disease. The inoculum of R. solani was prepared
using rice bran, which was mixed with water in 2:1 ratio. The mixture (250 g)
was filled in polypropylene covers. The covers were sealed and sterilized at 121
°C at 1.2 kg/em® pressure for two h. Each bag was inoculated with five mm
mycelial discs of seven days old culture of R. solani and was incubated at room
temperature for two weeks.

3.5.2 Artificial inoculation of the prepared inoculum

Seven days after transplanting, the soil in the grow bags was top dressed
(inoculated) with 250 gram of rice bran inoculum of R. solani (rice bran inoculum
of R. solani: sand in the proportion 1:2 ratio on w/w basis) (IRRI, 1986). A
second challenge inoculation of the pathogen was given at 40 DAS by inserting
the mycelium along with one sclerotium in between the outer most leaf sheath of
the rice plant in all the treatments except the un-inoculated untreated control.

3.5.3 Preparation and application of treatments

The effective treatments were prepared as described under 3.3. The plants
were sprayed with the respective treatments on 45%, 60™, 75" and 90™ DAS. The
observations on the stage of the crop at which the disease appears, days for
symptom development, days for the production of sclerotia, number of infected
tillers, plant height (cm) and lesion height were taken. The intensity of sheath
blight disease was rated by calculating the RLH (Sharma ef al., 1990) using the
formula;

RLH = (Lesion height/Plant height) x 100

Based on the RLH, the plants were scored according to 0 - 9 scale of

Standard Evaluation System for Rice (IRRI, 2002) as described in Table 2, as

follows:-
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Table 2. Disease scale for scoring sheath blight disease of rice

Scale based on RLH Description

0 No infection observed

1 Lesions limited to lower 20 per cent of the plant height

3 Lesions limited to lower 20 to 30 per cent of the plant
height

5 Lesions limited to lower 31 to 45 per cent of the plant
height

7 Lesions limited to lower 46 to 65 per cent of the plant
height

9 Lesions limited to more than 65 per cent of the plant
height

3.6 EFFECT OF THE TREATMENTS ON BIOMETRIC AND YIELD
ATTRIBUTES OF RICE
The following biometric observations were recorded in the pot culture

experiment
3.6.1 Biometric observations
3.6.1.1 Plant height

Plant height was measured as the distance from the ground level to the tip
of the tallest leaf/panicle.
3.6.1.2 Total tillers per hill

The total number of tillers per hill was counted.
3.6.1.3 Productive tillers per hill

The number of productive tillers per hill was counted at the time of
harvest.
3.6.1.4 Infected tillers

The number of sheath blight disease affected tillers was also recorded.
3.6.1.5 Number of filled grains per panicle

The number of fully developed grains (filled grains) per panicle was

counted.
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3.6.1.6 Number of spikelets per panicle

The number of spikelets per panicle was recorded.
3.6.1.7 Lesion height
The height of the top most lesion (cm) from the ground level was

observed.

3.6.1.8 Lesion width

The width of the lesion (cm) in the sheath was also noted.

3.6.1.9 Lesion area

The lesion area (cm”) was calculated as the product of lesion height (cm)

and lesion width (cm).

3.6.2 Yield attributes

3.6.2.1 Grain yield
All the plants in each treatment were harvested and threshed separately.

The grain yield was measured as the weight (expressed as gram per plant) of the

grains in all the treatments.

3.6.2.2 Thousand grain weight

Thousand grain weight (g) was recorded for the plants in each treatment.
3.6.2.3 Straw yield
The weight of the straw (expressed as gram per plant) was recorded

separately for each treatment.
3.7 CHEMICAL ANALYSIS

3.7.1 Nutrient content of the selected organic preparations/ botanicals

The best treatments selected for the pot culture experiment were analyzed
for their total N, P, K and pH as described in Table 3.
Table 3. Methods for the Analysis of Total N, P, K and pH

SL. No. Parameter Method References
1. Total N Kjeldahl method Jackson, 1958
2. Total P Vanado molybdate yellow colour method | Piper, 1966
3 Total K Flame photometric method Jackson, 1958
4. pH pH meter Jackson, 1958
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3.7.2 Analysis of the Plants for Major Nutrients at the Time of Harvest

The plants at the time of harvest were analyzed for their total N, P and K,
as detailed in table 3.
3.8 STATISTICAL ANALYSIS

The data generated from the experiments were statistically analyzed using
the analysis of variance techniques (ANOVA) and were applied to completely
randomized design (CRD). The data recorded on per cent inhibition were
transformed using per cent (arc sine) transformation. The entire data sets of the
various experiments were analyzed statistically by Duncans Multiple Range Test
(DMRT) as per the procedure given by Steel and Torrie (1960).
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4. RESULTS

The work entitled “Organic strategy for the management of sheath blight
disease of rice” was undertaken at Integrated Farming System Research Station
(in vitro studies) and at College of Agriculture, Vellayani (in vive studies) during
2015-17 to develop an ecofriendly and safe management strategy against sheath
blight disease of rice. The experimental data collected from the laboratory and
pot culture experiments were statistically analyzed. The results obtained are
presented under the following heads:

4.1 ISOLATION OF SHEATH BLIGHT PATHOGEN
4.1.1 Collection of Samples

Sheath blight affected rice plants were collected from seven different rice
growing tracts of Thiruvanathapuram district viz., Chenkal, Attingal, Punchakari,
Nagaroor, Vellayani, Karode and Karamana. Uma was the rice variety cultivated
in the above mentioned tracts. The symptoms observed in the infected plants of
each rice growing tract are described in Table 4. The sheath blight disease
incidence was observed during the active tillering stage of the crop in the six rice
growing tracts (Chenkal, Attingal, Punchakari, Nagaroor, Vellayani and
Karamana), whereas, it was observed during the late tillering stage of the crop at
Karode tract. The symptoms of the disease were exhibited as grey coloured
lesions, with the colour of the margin of the lesions varying from brown, dark
brown, greyish brown to purplish brown. Moreover, water soaked lesions were
noticed in the samples collected from Attingal and Punchakari tracts. The
presence of numerous, chocolate brown, and mustard like sclerotia was noticed
only in the disease affected plants collected from Punchakari tract.

4.1.2 Isolation of Pathogen

Seven isolates of R. solani were isolated from the disease affected rice
plants collected from the seven rice growing tracts of Thiruvananthapuram viz.,
Chenkal, Attingal, Punchakari, Nagaroor, Vellayani and Karamana on potato

dextrose agar (PDA) medium following standard procedures.
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4.1.3 Purification of the Isolates

The seven isolates of R. solani were purified following hyphal tip culture
method and maintained on PDA slants for further studies.
4.1.4 Pathogenicity Studies

The isolates were used for pathogenicity studies on healthy rice plants
(variety Uma) under artificial conditions for symptom development. Typical
sheath blight symptoms were produced by each isolate on the artificially
inoculated plants (Plate 1). The days for symptom development in the plants
artificially inoculated with the seven isolates, lesion size and the sclerotial
characters were studied and are described in Table 5. In the rice plants artificially
inoculated with the isolate collected from Karode (I¢), the symptom development
was observed on the seventh day after inoculation. In the plants inoculated with
the other six isolates (I;, I, Is, Iy, Is and 1), the symptom development was
noticed on the third day after inoculation. The size of the lesions inoculated with
the seven isolates on the third day after inoculation (DAI) varied from a minimum
of 0.07 cm? in the case of isolate from Karode (Ig) to a maximum of 2.19 c¢m” in
the case of isolate from Attingal (I). Production of sclerotia was noticed only in
the plants inoculated with the isolates collected from Chenkal (I;) (one
sclerotium) and Attingal (I,) (two sclerotia) on the 11" and 12 DAI respectively.
In rice plants inoculated with isolates from Chenkal (I;) and Attingal (I,), the
sclerotia appeared to be chocolate brown and dark brown respectively.
4.1.5 Virulence Rating

Virulence rating was undertaken to find out the most virulent isolate of R,
solani using two techniques.
4.1.5.1. Cut Stalk Assay Method

In the cut stalk assay method of virulence rating, it was revealed that the
lesion length on the excised stalks were the maximum for the three isolates viz,
Chenkal (I;) (11.65cm), Attingal (I,) (12.58cm) and Karamana (I5) (11.00cm)

(Table 6)on the 7™ day after inoculation and were on par with each other (Figure

1).
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Table 6. Length of lesion on inoculation by cut stalk assay method

R. solani Isolate Lesion length (cm)
(7 DAI)
I 11.65
I, 12.58"
I 7.63"
Iy 7.00
Is 6.63
I 723"
Iy 11.00°
Control 0.00°
CD (0.05) 2.68
SE m() 0.72

Treatments with same alphabet do not differ significantly
Values are average of three replications

DALI - Days after inoculation

29
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Figure 1. Lesion length on inoculation by cut stalk assay method
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Plate 1: Lesion development by R. solani isolates on artificial inoculation
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Plate 1: Lesion development by R. selani isolates on artificial inoculation
(continued)



4.1.5.2 Direct Inoculation on Rice Plants

Sheath blight symptom development was observed on the 3™ DAI on the
leaf sheaths inoculated with all the isolates except I (Karode isolate) which took
seven days for symptom development. The R. solani isolate collected from
Attingal (1) produced the maximum relative lesion height on 5™ (9.20%), 7"
(15.70%), 10™ (19.03%) and 15" (20.70%) DAL The number of affected tillers
was also maximum (4.66) in the case of isolate from Attingal (I;) (Table 7). Thus
the virulence rating of the seven isolates of R. solani revealed that Attingal (I,)
isolate was the most virulent one (Figure 2).
4.1.5.3 Selection of the Most Virulent Isolate

Three isolates viz, Chenkal (I;), Attingal (I,) and Karamana (I;) were
revealed to be the most virulent isolates based on the cut stalk assay method.
Further, direct inoculation on potted plants revealed that from among all the seven
isolates, Attingal (I) isolate produced the maximum RLH as well as the number
of affected tillers and thus was confirmed to be the most virulent. This isolate was
thus used for further studies.
4.2 CHARACTERIZATION OF PATHOGEN
4.2.1 Morphological Characterization of Pathogen

Microscopic studies (100 X) of the mycelium of the fungus revealed the
presence of right angled branching, septum at the origin and constriction at the
base of branching, which are all the characteristic features of R. solani. The
sclerotia when crushed and observed under the microscope revealed the presence
of moniliod cells which further confirm the fungus to be R. solani.
4.2.2 Cultural Characterization of Pathogen

The mycelial colour of the isolates ranged from light brown to dark brown
with the isolate from Karode (Ig) exhibiting white coloured mycelium. The
myecelial texture also ranged from fluffy to cottony in the various isolates. The
mycelial growth was found to be the maximum in the case of isolate from Attingal
(I) on 1™ (3.60cm) and 2™ (8.26cm) DAI (Table 8). The sclerotia produced by
five isolates (I;, I, I3, Ly and ;) exhibited the maximum average size (2.13, 2.11,

1.99, 1.91 and 2.01mm respectively). The isolate from Karode (I¢) produced the
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maximum number of minute sclerotia (104.66) which was followed by the isolate
from Attingal (1) (59.33) and isolate from Karamana (I7) (53.66). The growth
pattern of the sclerotia in the Petri plates ranged from scattered to central (Plate
2).
4.2.3 Tentative Identification of Pathogen

The presence of right angled branching, septum at the origin of branching,
constriction at the base as well as the presence of moniliod cells in the sclerotia
tentatively confirmed the pathogen to be R. solani. The brown colour of the
mycelia also could confirm it to be R. solani (Plate 3).
4.2.4. Confirmation of Pathogen
4.2.4.1 Morphological Identification

The in vitro identification of the isolate based on morphological characters
revealed it to be Rhizoctonia solani J.G. Kuhn of the family Ceratobasidiaceae
with its current name as Thanatephorus cucumeris (A. B. Frank) Donk
(http://www.indexfungorum.org/names/Names.asp).
4.2.4.2 Molecular Identification

The identification of the isolate based on the ITS (Internal Transcribed
space) region of TDNA showed 100 per cent similarity with Rhizoctonia solani,
current name Thanatephorus cucumeris (A. B. Frank) Donk. The sequence
analyses with NCBI accession number KX674527, Rhizoctonia solani AG-1 1A
isolate CSUS resulted in the alignment statistics of Query length of 557, Score of
1005 bits (1114), Expect 0.0, Identities — 557/557 (100%), Gaps — 0/557 (0%) and
Strand Plus/ Minus (Table 9).
4.3 IN VITRO PATHOGEN SUPRESSION

In vitro studies for evaluating the potential of 19 treatments in inhibiting
the mycelial growth of R. solani revealed that six treatments viz, fermented egg—
lemon juice extract (10%), fermented weed (Setaria barbata) extract (100%),
panchagavya (5%), garlic extract (10%), potassium silicate (1%) and lime solution
(12.5%) resulted in complete (100%) inhibition of the mycelial growth of R.
solani as described in Table 10. The next best effective treatment was fermented

tapioca leaf-rind extract (91.85%) followed by neem cake (87.04%). The next
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Table 10. Effect of treatments on in vitro suppression of R. solani

Treatment Mycelial growth | Percentage Sclerotial characters
(3DAI) (cm) inhibition
Number | Days for
PHI
T, 0.73 91.85" (76.59) 0 0
Tz 1.67 81.48° (64.52) 0 0
T; 0.03 99.63" (87.34) 0 0
Ty 1.17 87.04° (68.99) 0 0
Ts 3.30 63.33% (52.73) 0 0
Te 0.00 100.00* (89.04) 0 0
T, 0.00 100.00" (89.04) 0 0
Tg 3.43 61.85%" (51.85) 0 0
To 2.97 67.04%" (54.96) 3 10
Tio 4.73 47.41" (43.51) 0 0
T 4.37 51.48 (45.84) 0 0
Tz 2.10 76.67 (61.12) 0 0
Tis 0.00 100.00" (89.04) 0 0
T4 0.00 100.00" (89.04) 0 0
Tis 2.30 74.44%" (59.66) 2 11
Tis 2.70 70.00% (56.82) 2 10
Tiv 3.77 58.15" (49.72) 0 0
Tis 0.00 100.00" (89.04) 0 0
Tio 4.50 50.00" (45.01) 0 0
Tao 9.00 - 36 5
CD (0.05) - 5.857 - -
SEm (%) 1.67 - .

Treatments with same alphabet do not differ significantly

Values in parenthesis are arc sine transformed
Average of 3 replications, PHI - Pin Head Initiation
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Plate 2. Isolates of R. solani collected from seven rice growing tracts of Thiruvananthapuram
district



a. Mycelial growth of R. solani b. Symptom development on

on PDA Media artificial inoculation
¢. Presence of septum at branching and d. Presence of moniliod cells in
constriction at the base sclerotia

Plate 3. The virulent isolate of R. solani (1;), symptom development and
morphological characters



best effectiveness was exhibited by fermented papaya leaf extract (81.48%) which
was on par with turmeric-baking soda mixture in cowdung supernatant (76.67%)
and jeevamruth (74.44%). The least effectiveness in suppressing the mycelial
growth was exhibited by turmeric-baking soda mixture (4:1) in water (47.41%).
Sclerotial formation was observed only in the plates amended with biogas slurry
(10%), jeevamruth (10%) and diluted cow’s urine (10%). Thus the six treatments
viz., fermented egg-lemon juice extract, fermented weed extract, panchagavya,
garlic extract, potassium silicate and lime solution, which resulted in the complete
inhibition of the mycelial growth of the pathogen were selected for the in vivo
management studies of the pathogen (Plate 4)

4.4 EFFECT OF SELECTED TREATMENTS ON SCLEROTIA

The study revealed that dipping of sclerotia in lime solution (12.5%),
fermented weed extract (100%), fermented egg-lemon juice extract (10%) and
panchagavya (5%) for 24 hours itself resulted in complete (100%) inhibition of
the mycelial regeneration from the sclerotia (Plate 5). The garlic extract (10%)
resulted in complete inhibition of the mycelial regeneration from the sclerotia
only after 72 hours after dipping in it whereas, dipping in potassium silicate
resulted only in less inhibition (27.28%) of the mycelial regeneration from the
sclerotia even after 72 hours (Table 11; Plate 6 & 7).

4.5 IN VIVO MANAGEMENT STUDIES

R. solani was multiplied in rice bran media for artificial inoculation in the
rice plants during the pot culture study (Plate 8). White mycelial growth of the
fungus was observed in the rice bran media on five DAI which covered the entire
media within two weeks. Numerous white sclerotial initials were observed in the
media after two weeks which later turned into brown colour (Plate 9).

The pot culture study conducted at College of Agriculture, Vellayani
revealed that the symptoms of rice sheath blight disease developed on 45 DAS,
which coincided at the active tillering stage of the crop. Sclerotial formation was
not observed in any of the infected rice plants (Table 12).

The vertical spread (the upward progress of the disease along the infected

tiller) was observed for the plants sprayed with each treatment as described in

7/
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Table 12. Sheath blight symptom development as affected by the treatments

Treatment DSD DFS SDD
T (Fermented weed extract) 45 DAS - ATS
T, (Panchagavya) 45 DAS - ATS
T3 (Fermented egg-lemon juice extract) | 45 DAS - ATS
T4 (Garlic extract) 50 DAS - ATS
Ts (Lime solution) 45 DAS - ATS
Tg (Potassium silicate) 50 DAS - ATS
T7 (Hexaconazole) 52 DAS - ATS
Tg (Trichoderma viride) 50 DAS - ATS
To (Pseudomonas fluorescens) 50 DAS - ATS
Tio (Inoculated control) 45 DAS - ATS

T (un inoculated control)

CD (0.05)

ATS — active tillering stage, DFS — days for formation of sclerotia

SDD - stage of disease development

4%
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a. Fermented weed extract b. Fermented egg-lemon
juice extract

c. Panchagavya d. Potassium silicate

e. Lime solution f. Garlic extract

g. Control

Plate 4. Effective treatments selected from in vitro studies against R. solani



a. Fermented weed extract b. Fermented egg lemon
juice extract

f.Garlic extract

d.Potassium silicate

g.Control

Plate 5. Effect of treatments in vitro on the inhibition of mycelial regeneration from
sclerotia after 24 h



Fermented egg-lemon juice Panchagavya
extract

Potassium silicate Lime solution Garlic extract

Control

Plate 6. Effect of treatments in vitro on the inhibition of mycelial regeneration from
sclerotia after 48 h



Fermented egg-lemon juice Panchagavya
extract

e

Potassium silicate Lime solution Garlic extract

Control

Plate 7. Effect of treatments in vitro on the inhibition of mycelial regeneration from
sclerotia after 72 h



a.Mycelial growth of R. solani b. Sclerotia formation

Plate 9 a-b. Multiplication of R. solani in rice bran media for artificial inoculation



Table 13. The vertical spread was expressed as the relative lesion height (RLH)
which was obtained from the height of the plant and lesion height. All the
treatments significantly reduced the vertical spread of the disease compared to the
inoculated control. The least RLH and the maximum percentage suppression over
control were observed in the plants sprayed with fermented egg-lemon juice
extract (15.24% and 79.42% respectively) and garlic extract (15.29% and 79.36%
respectively), which were on par with the fungicide check hexaconazole (15.29%
and 79.36% respectively) (Plate 10)

The horizontal spread (the spread of the disease to the adjacent tillers) was
also observed. The horizontal disease spread was represented in terms of the total
number of infected tillers per hill. The number of infected tillers per hill and the
percentage of horizontal spread were the least for the plants sprayed with the
fungicide check (1 No. and 10.44% respectively) which was on par with the plants
sprayed with fermented egg-lemon juice extract (1.2 No. and 11.12%
respectively) and potassium silicate (1.8 and 16.93% respectively) (Table 14)
(Plate 11).

The lesion area (cm?), which is a representation of the length and breadth
of the lesion, was also observed for each plant as detailed in Table 15. The lesion
area was the least for the plants sprayed with the fungicide check (4.73 cm?)
which was on par with those sprayed with fermented egg-lemon juice extract
(6.85 cm®) and potassium silicate (7.61cm?). Thus the study revealed that among
the nine treatments tested in vivo for the management of sheath blight, three
treatments viz., fermented egg-lemon juice extract, potassium silicate and garlic
extract significantly reduced the number of infected tillers, disease spread and
disease severity in terms of RLH.

4.6 EFFECT OF THE TREATMENTS ON BIOMETRIC AND YIELD
ATTRIBUTES OF RICE

As far as the biometric observations of the rice plants sprayed with the

different treatments were concerned, the plant height was observed to be

maximum for the plants sprayed with garlic extract (98.5¢cm), fermented weed

extract (96.7cm), fermented egg-lemon juice extract (93.8cm), Pseudomonas7 G
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¢. Hexaconazole d. Inoculated control

Plate10 a-d. Effect of treatments on vertical spread of sheath blight disease



b. Potassium silicate

d. Inoculated control

Plate 11 a-d. Effect of treatments on horizontal spread of sheath blight disease



Sfluorescens (93.5cm), lime solution (92.9cm) and Trichoderma viride (91.6¢m)
(Figure 3). The maximum number of tillers per hill was recorded for the plants
sprayed with fermented weed extract (11.40), fermented egg-lemon juice extract
(11), garlic extract (9.40), potassium silicate (10.60), lime solution (10) and
panchagavya (10.60). The number of productive tillers per hill was the maximum
for the plants sprayed with fermented weed extract (11.40), panchagavya (10.60),
fermented egg-lemon juice extract (10.60), lime solution (10) and potassium
silicate (10.40) (Figure 4). The number of infected tillers per hill was the least for
hexaconazole (1), fermented egg-lemon juice extract (1.20) and potassium silicate
(1.8) sprayed plants. The number of filled grains per panicle was the maximum in
the plants sprayed with garlic extract (113.8), fermented egg-lemon juice extract
(110.80), fermented weed extract (88.6), lime solution (92.40) and Pseudomonas
Sfluorescens (102). The number of spikelets per panicle was the maximum in the
case of plants which received the foliar application of fermented egg-lemon juice
extract (118.80), garlic extract (115.40) and fermented weed extract (115) (Figure
5). The lesion height was observed to be the least for the plants sprayed with the
fungicide check, viz., hexaconazole (9.02c¢cm) followed by fermented egg-lemon
juice extract (13.04cm), garlic extract (13.87cm) and potassium silicate
(13.34cm). There was no significant difference in the width of the lesions
produced in the plants sprayed with the different treatments. The lesion area was
the least for the plants sprayed with hexaconazole (4.73cm?), fermented egg-
lemon juice extract (6.8501112) and potassium silicate (7.6lcrn2) (Table 16).

When the yield attributes of rice plants sprayed with the different
treatments were analyzed, it was observed that the maximum grain yield was
observed in the case of the plants sprayed with fermented weed extract (15.98g)
which was on par with fermented egg-lemon juice extract (15.33g), garlic extract
(14.66g), lime solution (13.65g) and potassium silicate (13.32g) (Table 17).
There was no significant difference in 1000 grain weight among the treatments
except for the inoculated and un-inoculated controls. The straw yield was

recorded to be the maximum in the case of the plants sprayed with fermented

3.5



Table 16. Effect of treatments on biometric observations of rice.

Treatment Plant Total Productive
height(cm) | tillers/hill | tillers/hill

T, (Fermented weed extract) 96.70° 1. 40a 11.40
T (Panchagavya) 86.10™ 10-605:;‘: 10.60ab
Z;gil;r)ncnted egg-lemon  juice 93.80% 11‘00;"’ 10_60ab
T4 (Garlic extract) 98.50° 0.40 04
Ts (Lime solution) 92.90™ 1000 0
Te (Potassium silicate) 84.50° 10,60 1040
T; (Hexaconazole) 57.50° 9‘60w 9-40bc
Ts (Trichoderma viride) 91.60™* 9.60b¢de 9.40'1‘c
To( Pseudomonas fluorescens) 93.50% 9.40("‘]e 8.40c
Tio (Inoculated control) 86.10™ 8.40C|c 8
T11 (un inoculated control) 86.30™ 880 g
CD (0.05) 7.965 1.55 1.59
SE m() 1.76 034 0.35

Treatments with same alphabets do not differ significantly

Average of three replications

1
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Figure 3. Effect of selected treatments on plant height
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Figure 4. Effect of treatments on total tillers and productive tillers/ hill
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Figure 5: Effect of treatments on no. of filled grains and spikelets/panicle




weed extract (17.73g) which was on par with those sprayed with fermented egg-
lemon juice extract (15.46g) and lime solution (16.13g) (Figure 6).

From this study, it is evident that the treatments viz., fermented egg-lemon
juice extract (10%), potassium silicate (1%), garlic extract (10%) and fermented
weed extract (100%) significantly improved both the biometric as well as the
yield parameters of rice plants.

4.7 CHEMICAL ANALYSIS
4.7.1 Analysis of Nutrients and pH in Selected Treatments

The treatments selected for in vive studies were analyzed for pH and total
N, P and K contents as described in Table 18. The study revealed that fermented
weed extract (4.9 pH), panchagavya (4.2 pH) and fermented egg-lemon juice
extract (4.5 pH) were highly acidic. The garlic extract was found to be slightly
acidic (5.2 pH). The lime solution (11.9 pH) and potassium silicate (10.8 pH)
showed alkaline nature. The total nitrogen content was the maximum for
panchagavya (1870 mg/l) followed by fermented egg lemon juice extract (1100
mg/1). The total nitrogen content was the least in the case of lime solution (33
mg/L). The total phosphorous content was observed to be the maximum for
panchagavya (730 mg/l) followed by fermented egg-lemon juice extract (610
mg/l) among the various treatments. The total potassium content was the
maximum for panchagavya (3160 mg/l) followed by potassium silicate (1080
mg/l). The total potassium content was observed to be the least in the case of lime
solution (32 mg/L).

4.7.2 Analysis of Major Nutrients in the Plants at Harvest

All the plants sprayed with the different treatments were analyzed for total
N, P and K content at harvest. The total nitrogen content was observed to be the
maximum for the plants sprayed with garlic extract (1.65%) and the least for
inoculated control (1.32%). There was no significant difference in the total
phosphorous content among the plants sprayed the different treatments. The total
potassium content was maximum for plants sprayed with potassium silicate
(3.60%) followed by garlic extract (3.12%), fermented egg-lemon juice extract
(3.011%) and lime solution (2.99%) (Table 19). C/ J
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Table 18. Content of major nutrients and pH in the effective treatments

Treatment pH | N(mg/l) | P (mgl) | K (mg/l)
T; (Fermented weed extract) 4.9 530.0 81.0 320.0
T, (Panchagavya) 42 | 1870.0 730.0 3160.0
T3 (Fermented egg-lemon juice extract) | 4.5 1100.0 610.0 760.0
Ts (Garlic extract) 52 750.0 41.0 96.0
Ts (Lime solution) 11.9 33.0 83 32.0
Tés (Potassium silicate) 10.8 99.0 3.7 1080
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Table 19. Content of major nutrients in rice at harvest

Treatment Total N (%) | Total P (%) | Total K (%)
Ti (Fermented weed extract) 103 0.189 5730
T, (Panchagavya) 1. 46°d 0.256 2.889d
T; (Fermented egg-lemon juice extract) 1. 46“' 0.237 3011
T4 (Garlic extract) 1_65a 0.192 3.12;D
Ts (Lime solution) 1 .46Cd 0.167 2_991c
Te (Potassium silicate) 1. 48“ 0.224 3_601a
T (Hexaconazole) 1 .52bc 0.216 2.51 1t
Ts (Trichoderma viride) 146 0.267 1.899
To (Pseudomonas fluorescens) 1.48 o 0.301 213 4g
T1o (Inoculated control) 132 0.185 2106
Ty (un inoculated control) 138 0.166 1916
CD (0.05) 0.11 NS 0.025
0.02 - 0.02

Treatments with same alphabets do not differ significantly

Average of three replications
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® Grain yield (g/plant)
= 1000 grain weight (g)
» Straw yield (g/plant)

Figure 6: Effect of treatments on yield attributes
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5. DISCUSSION

Rice is the most economically important food crop of India. Diseases are
one of the most important reasons for its decline in production and quality. The
annual losses due to rice diseases are estimated to be 10 to15 per cent worldwide.
Among the diseases, sheath blight caused by Rhizoctonia solani Kuhn
(Teleomorph: Thanatephorus cucumeris (Frank) Donk) causes significant yield
loss (Lee and Rush, 1983). According to Feakin (1977) and Meng et al. (2001),
yield loss ranging from 25 to 50 per cent occurs due to the disease. The use of
fungicides is the most common management practice undertaken against the
disease (Dev and Mary, 1986). Indiscriminate use of fungicides may lead to
environmental pollution, health hazards, residual toxicity and pathogen resistance.
Besides, the perpetuating and resting structures of the fungus viz., the sclerotia
survive in the soil for longer duration (Dath, 1990). Soil drenching with
fungicides is highly expensive and impractical under flooded conditions. Hence,
the search for alternative strategies for the management of the disease has gained
momentum (Jacobsen and Backman, 1993). Thus, the present study entitled
“Organic strategy for the management of sheath blight disease of rice” was
undertaken at Integrated Farming System Research Station, Karamana and
College of Agriculture, Vellayani, during 2015-17 for developing an organic and
ecofriendly disease management strategy for sheath blight. The results obtained
in the study are discussed in this chapter.

In the present study, seven rice growing tracts viz., Chenkal, Attingal,
Punchakari, Nagaroor, Vellayani, Karode and Karamana were identified for the
collection of sheath blight infected rice plants. It was observed that sheath blight
incidence was present in all the tracts which implicate the importance of the
disease. Among the seven tracts, the symptoms were observed during the active
tillering stage of the crop in six rice tracts, whereas in Karode tract, the disease
appeared during the late tillering stage. Thus active tillering stage can be
concluded as the most susceptible stage for sheath blight incidence. Similar

results were reported by Yoshimera and Nishizawa (1954) who suggested that
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maximum tillering stage is the most susceptible growth stage for sheath blight
incidence. Rodrigues er al. (2003) also reported that all the growth stages of rice
were susceptible to sheath blight infection, but the most susceptible stage was 45
days after emergence which is in confirmation with the results of this study. In
contrary, Adhipathi et al. (2013) observed that the disease occurrence and its
spreads were severe during the late tillering, internode elongation, booting and
flag leaf emergence stages.

The seven isolates of the sheath blight pathogen collected from the
different tracts were isolated and pathogenicity studies were conducted to prove
Koch’s postulates. Typical sheath blight symptoms were produced by each isolate
on the artificially inoculated plants. The studies also revealed that the maximum
lesion size (2.19 em®) was produced by the isolate collected from Attingal (I;) on
three days after inoculation (DAI). Similar results were reported by Chakraborty
et al. (2006) who found that artificial inoculation of rice plants by sheath blight
pathogen resulted in a maximum lesion length of 2.45 to 4.75 cm. Rodrigues ef
al. (2003) also proposed that regardless of the growth stage of rice, the incubation
period for sheath blight disease development was from 48 to 96 hours after
inoculation.

The symptoms of sheath blight were exhibited as grey coloured lesions,
with the colour of the margin of the lesions varying from brown, dark brown,
greyish brown to purplish brown. The result is in concurrence with the findings
of Growth and Nowick (1992), Vidyasekharan et al. (1997) and Hollier et al.
(2009) who reported the presence of elliptical or ovoid to irregular greenish, grey
lesions with brown margin at or above the water level, on the base of the leaf
sheath and on leaf blades of sheath blight affected rice plants. Round, mustard
like, dark brown sclerotia were produced by I; and I; which is in confirmation
with the findings of Ou (1985) who reported the presence of dark brown sclerotia
attached to the lesions on the leaf sheaths of infected rice plants.

Johanson er al., (1998) reported that sheath blight disease diagnosis is
extremely difficult and often inaccurate by visual observation, particularly during

the early stages of lesion development. This necessitates the study on virulence as 4 ?



well as the morphology and physiology of different strains of R. solani collected
and isolated from varied geographical locations. Virulence rating of the seven
isolates was carried out by two methods, viz., cut stalk assay as well as by direct
inoculation on potted plants. In the cut stalk assay method, three isolates (I, I>
and ;) produced the maximum lesion length. Further, virulence rating by direct
inoculation on potted plants identified Attingal isolate (I;) of R. solani as the most
virulent one as it exhibited the maximum relative lesion height (RLH) and number
of affected tillers. Thus, the Attingal isolate (I;) was identified to be the most
virulent isolate by both the above mentioned methods of virulence rating. The
result is in confirmation with the works of Lal e al. (2012) who characterized the
virulence pattern and revealed that, upon artificial inoculation using 25 isolates of
R. solani, two isolates produced the maximum RLH of 69.66 and 34.55 per cent
during the active tillering and panicle initiation stages. The study also revealed
the reliability of cut stalk assay method which is easy and time saving.
Characterization of the different isolates of the pathogen was undertaken
in vitro. Morphological characterization revealed the presence of right angled
branching, septum at the origin and constriction at the base of branching, which
are all the characteristic features of R. solani. The sclerotia when crushed and
observed under the microscope revealed the presence of moniliod cells which is
also a characteristic feature of R. solani. Duggar (1915) partly characterized the
Rhizoctonia spp. based on the diameter of vegetative hyphae, constriction at the
point of branching and right angled branching of mature hyphae. Parmeter and
Whitney (1970) gave a detailed description of the various characteristics specific
to R. solani. The observations are similar to the findings of Moni et al. (2016)
who revealed that the 18 isolates of R. solani they collected had hyphal branching
at right angle, constriction at the point of branching of the mycelium and the
presence of septum near the branching junction and were confirmed as R. solani.
Ontogenetical studies have shown that in Rhizoctonia, monilioid cells are the
precursors of sclerotia (Tu and Kimbrough, 1975) and that their presence is an

indication of their identity (Saksena and Vaartaja, 1961; Taheri ef al., 2007). q 8.



Among the cultural characteristics studied, the mycelial colour of the
isolates varied from light brown to dark brown and the mycelial texture from
fluffy to cottony. The results are in consensus with the findings of Palo (1926)
who reported that the mycelia permanently remaining white or showing
pigmentation other than any shades of brown are not considered as R. solani and
that the brown pigment appears to be a stable diagnostic colony character of R.
solani under in vitro conditions. The discolouration of the growth media of R.
solani may be due to the production of pigments by the pathogen as proposed by
Sunder et al. (2003) and the difference in the colour intensity among the isolates
may be due to the amount of the pigments released by the isolates in the media.

The present study also revealed that the growth pattern of the sclerotia
produced by the seven isolates in petri plates ranged from scattered to central.
This is in confirmation with the works of Susheela and Reddy (2013) who
collected 35 isolates of R. solani from different rice growing agro ecological
regions of India and found that the sclerotial positions varied from peripheral,
central, peripheral & central as well as scattered.

Thus there was significant variation in the virulence pattern,
morphological and cultural characteristics among the seven isolates of R. solani
collected from the different tracts. This result is in concurrence with the findings
of Jayaprakashvel and Mathivanna (2012) who proposed that among the isolates
of R. solani, there was considerable variation in the mycelial growth, sclerotial
emergence, sclerotial colour and their pattern of distribution. The findings are in
confirmation with that of Taheri et al. (2007) who proposed that geographical
region was the dominant factor determining the population structure of R. solani.

The morphological and cultural characterization of the isolates could
tentatively identify them as R. solani isolates. Further to confirm the
identification, molecular identification based on the ITS region of rDNA of the
most virulent isolate of the pathogen was carried out and it revealed 100 per cent

similarity with Rhizoctonia solani AG-1 1A isolate CSUS8. This is in consensus

with the reports of Taheri ef al. (2007) who proposed that among the 110 R. solani ¢} /

isolates, 96 isolates belonged to AG-1 IA.



Among the 19 treatments tested for their potential in inhibiting the
mycelial growth of R. solani, six treatments namely, fermented egg-lemon juice
extract (10%), fermented weed (Setaria barbata) extract (100%), panchagavya
(5%), garlic extract (10%), potassium silicate (1%) and lime solution (12.5%)
resulted in complete (100%) inhibition of the mycelial growth of R. solani.
Studies on the potential of egg proteins against human diseases have been
reported by some scientists. The biologically active functional molecules on the
egg white, yolk, shell and membrane possessing unique functional properties such
as antiviral, antibacterial, enzymatic and immunological activities have been
reported by Ibrahim ef al. (2002). Cystatin, the affinity purified from the chicken
egg white has been reported to have antifungal activity against human fungal
pathogen, viz., Candida species (Kolaczkowska et al., 2010). Citrus juice has
been reported to have significant antimicrobial activity (Hindi and Chabuck,
2013). However, no reports are there proving the antifungal potential of
fermented egg-lemon juice extract against plant pathogenic fungi. The antifungal
potential of this extract may be due to the activity of the microbes produced
during its preparation and fermentation or due to the presence of metabolites
which need to be further confirmed.

Fermented weed (Setaria barbata) extract was also revealed to result in
100 per cent inhibition of the mycelial growth of R. selani. The exploration of the
antifungal activity of weeds remains an area of interest, but not many reports are
available on the exploitation of the antifungal property of weed plants against
plant diseases. Srivastava and Singh (2011) reported that the dried leaf powder
(20 mg/ml) of two weeds viz., Lantana camara and Parthenium hysterophorus
inhibited the mycelial growth (59.5 and 45.9% respectively) of Alternaria species.
Pal et al. (2013) studied on the effect of eleven weed plants for their antifungal
activity against the seed borne phytopathogenic fungi, viz., Alternaria sp and
found that the extracts of the weeds viz., Ageratum conyzoides and Parthenium
hysterophorus showed the most potential antifungal activity against the fungus.
The antifungal potential of Sefaria barbata need to be further confirmed. loD
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Lime solution (12.5%) also resulted in 100 per cent mycelial inhibition of
R. solani. The results are in consensus with the findings of Stosic ef al. (2014)
who reported that calcium chloride and calcium hydroxide at 1.5 and 2 per cent
concentrations significantly decreased the spore germination and germ tube
growth of Colletotrichum acutatum, C. gloeosporioides, Alternaria alternata and
Penicillium expansum.

Potassium silicate at one per cent concentration also completely inhibited
the mycelial growth of R. solani. The study is in confirmation with findings of
Menzies et al. (1992) who proposed that potassium silicate has a direct inhibitory
influence on fungal growth. Epstein (1999) also proposed that potassium silicate
increases the host defense system or strengthens the plant cell walls thereby,
inhibiting infection. The inhibition of fungal growth by potassium silicate was
due to pH effect.

Garlic extract at ten per cent concentration also completely inhibited the
mycelial growth of R. solani. The findings are in confirmation with the works of
Avato et al. (2000) and Kyung and Lee (2001) who proposed that several
biologically active compounds are present in garlic extract which affect a wide
range of soil borne fungal pathogens. The strong inhibition of R. solani by garlic
extract may be due to the presence of sulphur compounds and its active
antimicrobial component viz., allicin as proposed by Singh and Singh (2005) and
Portz et al. (2008).

Panchagavya could result in 100 per cent inhibition of R. solani in vitro.
The finding is in consensus with that of Sugha (2005) who reported that
panchagavya resulted in 40 to 100 per cent inhibition of the mycelial growth of R.
solani, Sclerotium rolfsii, Sclerotinia sclerotiorum, Phytophthora colacasiae and
Fusarium solani. The antifungal property of panchagavya may be attributed due
to the presence of antimicrobial substances in cow dung such as patulodin like
compounds, CK2108A and CK2108B produced by Eupenicillium bovifimosum
present in cow dung as proposed by Dorothy and Frisvad (2002). The release of

the antimicrobial compounds may be due to the microorganisms like bacteria,
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fungi and actinomycetes present in panchagavya as reported by Swaminathan et
al. (2007).

In the study for the inhibition of mycelial regeneration from sclerotia,
sclerotia were dipped in the best six treatments selected from in vifro studies for
24, 48 and 72 h. The study revealed that fermented egg-lemon juice extract,
fermented weed extract, panchagavya and lime completely inhibited the mycelial
regeneration from sclerotia after 24 h of dip. Garlic extract could completely
inhibit the mycelial regeneration 72 h after sclerotial dip. The reason whether
high pH and calcium were fungistatic or fungicidal to the resting spores have not
been resolved. Myers and Campbell (1985) proposed that calcium and a high pH
may have little fungicidal effect on resting spores, but may affect the pathogen
penetration or development in the host. He ef al., 2014 proposed that the effect of
calcium carbonate on Ralstonia solanacearum of tobacco was mainly related to
the role of calcium (Ca’"). Jiang et al. (2013) reported that the mechanism of
action of calcium against bacterial wilt of tomato may be due to the increased
activity of peroxidase and poly phenol oxidase.

Potassium silicate resulted only in less inhibition of the mycelial
regeneration for sclerotia. Similar results were proposed by Wainwright ef al.
(1997) who reported that visible mycelial growth was present on silicic acid
amended media and that of Wainwright (1993) who suggested that nutrient free
silica gel supported the fungal growth with the gel itself acting as a nutrient
source, stimulating its spore germination.

Foliar application of fermented egg-lemon juice extract (10%), potassium
silicate (1%) and garlic extract (10%) significantly reduced the number of infected
tillers, the discase spread and the disease severity in terms of RLH. No scientific
reports are there regarding plant disease management by fermented egg-lemon
juice extract. The results are in concurrence with the findings of Menzies et al.
(1992) who reported that foliar application of silicon in field plants is a potentially
viable alternative to root zone application. The effect of foliar application of
potassium silicate may be due to the fact that it activates the host defense

mechanisms by increased accumulation of phenolic compounds, chitinases,
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peroxidases and poly phenol oxidases as reported by Cheriff ef al. (1994). The
presence of low molecular weight metabolites like phytoalexins viz., flavanone
aglycone rhamnetin may be the reason for the enhanced disease resistance as
studied by Fawe et al. (1998) who worked in the powdery mildew disease of
cucumber.  Silicon has an active role in the induction of plant defense
mechanisms by the production of compounds such as flavonoids (Fawe et al.,
1998), diterpenoids (Rodrigues er al., 2004) and pathogenesis related proteins
(Liang ef al., 2005). Kettlewell et al. (2000) suggested that potassium reduces the
disease severity by various modes of action like regulation of photosynthesis,
respiration and osmotic pressure regulation.

No reports are there on the in vivo antifungal potential of garlic extract
against rice sheath blight disease. However, Obagwu and Korsten (2003)
proposed that garlic extract has a significant effect (in vitro and in vivo) on the
growth of both Penicillium digitatum and P. italicum.

Foliar application of fermented egg-lemon juice extract (10%), potassium
silicate (1%) and garlic extract (10%) were observed to significantly improve both
the biometric as well as the yield parameters of rice plants. No scientific reports
are there on the effect of fermented egg-lemon juice extract or garlic extract on
the growth and yield improvement. The results are in concurrence with those of
Blunden (1991) and Mooney and Banstaden (1986) who reported that the
increased growth of soyabean plants sprayed with sea weed extract may be due to
the presence of some growth promoting substances present in the extract. The
increase in the yield of rice plants sprayed with sea weed extract might be due to
the fact that the extract was a biostimulant which can provide micro and macro
nutrients as well as significant amount of cytokinins, auxins and betaines as
suggested by Blunden, (1991), ultimately increasing the production of chlorophyll
by boosting the photosynthesis process and stimulating vegetative growth.
Lalithya er al., (2014) proposed that foliar application of silicon in sapota plants
have helped in increasing the cell division, more nutrient and water uptake

thereby resulting in the production of more number of fruits. It might have helped (:,3



in improving the fruit quality due to the suppression of respiration and reduction
in ethylene evolution and thus minimizing the physiological loss in fruit weight.

The analysis of the pH and major nutrients in the treatments selected for in
vivo studies revealed that fermented weed extract, panchagavya and fermented
egg-lemon juice extract were highly acidic. The total N content was the
maximum for panchagavya. The total P content was observed to be the maximum
for panchagavya followed by fermented egg-lemon juice extract. The total K
content was the maximum for panchagavya followed by potassium silicate.
Similar findings were reported by Gore and Sreenivasa (2011) who proposed that
fermented liquid organic manures contain microbial load and plant growth
promoting substances in addition to the nutrients that help in improving plant
growth, metabolic activities and resistance to pests and diseases.

In the present study, fermented egg-lemon juice extract (10%), potassium
silicate (1%) and garlic extract (10%) were found to be the three promising
treatments in improving the growth and yield parameters of rice as well as in
reducing the sheath blight incidence. The studies on the analysis of the total N, P
and K contents revealed that fermented egg-lemon juice extract had a higher
content of total N and P, indicating a positive role towards improving the
vegetative and root growth of rice plants. Potassium silicate was observed to have
a higher content of K, which indicates a possible role in enhancing flower and
fruit development as well as in imparting host resistance.

The total N content was the maximum in the plants sprayed with garlic
extract. There was no significant difference in the total P content among the
treatments. The total K content was the maximum in the plants sprayed with
potassium silicate followed by garlic extract, fermented egg-lemon juice extract
and lime solution. The findings are similar to those of El-Fouly and El-Sayed
(1997) who reported that foliar feeding of a nutrient promotes the root absorption
of the same nutrient or other nutrients through improving the root growth and that
of Lalithya et al., (2014) who studied that Si application can avoid leaching loss
of N and can help in more accumulation of N in leaves and also of Pramanick et

al. (2014) who reported that the presence of micro elements and plant growth
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regulators especially cytokinins in the sea weed extract is responsible for the
increased yield and improved nutrition of rice receiving foliar application of sea
weed extract.

Thus, the present study reveals the scope of use of indigenous organic
preparations/ botanicals/ non-hazardous chemicals for disease management in
plants. From this study, it was revealed that three treatments viz., fermented egg-
lemon juice extract (10%), potassium silicate (1%) and garlic extract (10%)
resulted in improved biometric and yield attributes of rice plants and also resulted
in reduced sheath blight incidence. Narrowing down to a single, most effective
and economical treatment, it can be concluded that four foliar sprays with
potassium silicate at one per cent concentration at 45", 60", 75" and 90™ DAS
appreciably reduced the sheath blight disease incidence which was found to be as

effective as the fungicide check (hexaconazole) compared to other two treatments.
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6. SUMMARY

The thesis work entitled “Organic strategy for the management of sheath
blight disease of rice” was undertaken at Integrated Farming System Research
Station (in vitro studies) and at College of Agriculture, Vellayani (in vivo studies)
during 2016-17 to develop an ecofriendly and safe management strategy against
sheath blight disease of rice. Sheath blight affected rice plants were collected
from seven different rice growing tracts of Thiruvanathapuram district namely,
Chenkal, Attingal, Punchakari, Nagaroor, Vellayani, Karode and Karamana based
on the extent of rice cultivation. The variety of the rice cultivated in all the tracts

was Uma.

The sheath blight disease incidence was observed during the active and
late tillering stage. The symptoms of the disease were exhibited as grey coloured
lesions, with the colour of the lesion margin varying from brown, dark brown,
greyish brown to purplish brown. The presence of numerous and chocolate brown
coloured sclerotia was observed only in the infected rice samples collected from

the Punchakari tract under natural conditions.

The pathogenicity studies revealed that in the rice plants artificially
inoculated with the isolate collected from Karode (Ig), the symptom development
was observed on the seventh day after inoculation (DAI) whereas the symptom
development was noticed on the third day after inoculation for the other six
isolates (I, Iz, Is. Ls. Is and I7). The lesion size observed was a minimum of 0.07
cm’ the case of Karode isolate () to a maximum size of 2.19 ¢cm’in the case of
Attingal (Iy) isolate. Formation of sclerotia was noticed only in the plants
inoculated with the isolates I; (Chenkal) and I, (Attingal) on the 11™ and 12® DAI
respectively. The sclerotia appeared to be chocolate brown in the case of Chenkal
(I1) and dark brown in the case of Attingal (I;) isolate inoculated rice plants

respectively.

In the cut stalk assay method of virulence rating, it was revealed that the

lesion length on the excised stalks produced by the three isolates namely, Chenkal

cq
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(I1), Attingal (I;) and Karamana (I;) were the maximum (11.65, 12.58 and 11.00

cm respectively) on the 7" day after inoculation and were on par with each other.

In the virulence rating by artificial inoculation on intact leaf sheath of 45
days old potted rice plants, the symptom development was observed on 3rd day
after inoculation on the leaf sheaths inoculated with all the isolates except
Is(Karode). The isolate from Attingal (I;)produced the maximum relative lesion
height (RLH) on 5th (9.20 %), 7th (15.70 %), 10th (19.03 %) and 15th (20.96 %)
DAlas well asthe maximum number of infected tillers(4.66). Thus virulence rating
revealed that Attingal (I,) isolate was found to be the most virulent isolate among

the seven isolates.

The morphological and cultural characters of the seven isolates of R.
solani were studied. It was observed that the mycelial colour of the isolates ranged
from light brown to dark brown whereas the isolate from Karode (Is) exhibited
white coloured mycelium. The mycelial texture also ranged from fluffy to cottony
in the various isolates. The mycelial growth was found to be the maximum in the
case of Attingal isolate (I;) on 1% (3.60 cm) and 2™ (8.26) days after inoculation.
The sclerotia produced by five isolates (I}, I, I3, I; and I;) exhibited the maximum
average size (2.13, 2.11, 1.99, 1.91 and 2.01 mm respectively). Karode isolate (I¢)
produced the maximum number of minute sclerotia (104.66) which was followed
by the Attingal isolate (I) (59.33) and Karamana isolate (I;). The growth pattern

of the sclerotia in Petri plates ranged from scattered to central in nature.

The morphological and molecular identification of the most virulent
isolate of R. solanidone at the National Fungal Culture Collection of India
(NFCCI), Pune revealed the fungus to be Rhizoctonia solani J.G. Kuhn of family
Ceratobasidiaceae. The identification of the isolate based on the ITS (Internal
Transcribed space) region of rDNA showed 100 per cent similarity with
Rhizoctonia solani, current name Thanatephorus cucumeris (A. B. Frank) Donk
(1956) and was assigned the NCBI accession number KX674527. Further,

microscopic studies (100 X) of the mycelium of the virulent isolate of the fungus
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revealed the presence of right angled branching, septum at the origin of branching
and constriction at the base which are the characteristic features of R. solani. The
sclerotia when crushed and observed under the microscope revealed the presence

of monilioid cells whichfurther confirm the fungus to be R. solani.

In vitro studies for evaluating the potential of 19 treatments in inhibiting
the mycelial growth of R. solani revealed that six treatments namely, fermented
egg-lemon juice extract (10%), fermented weed (Setariabarbata) extract (100%),
panchagavya (5%), garlic extract (10%), potassium silicate (1%) and lime solution
(12.5%) resulted in complete (100%) inhibition of the mycelial growth of R.
solani. The next best effective treatment was fermented tapioca leaf — rind extract
(91.85%) followed by neem cake (87.04%). Sclerotial formation was observed in
plates amended with biogas slurry (10%), jeevamruth (10%) and diluted cow’s
urine (10%).

The study on the dipping of sclerotia for different time intervals revealed
that dipping in lime solution (12.5%), fermented weed extract (100%), fermented
egg-lemon juice extract (10%) and panchagavya (5%) for 24 hours itself resulted
in complete (100%) inhibition of the mycelial regeneration from the sclerotia.
Garlic extract (10%) resulted in complete inhibition of the mycelial regeneration
from the sclerotia only after 72 hours after dipping. Potassium silicate resulted in

only less inhibition (27.28%) of the mycelial regeneration even after 72 hours.

A pot culture experiment was conducted to evaluate the efficacy of six
treatments along with five checks. White mycelial growth was observed 5 DAI,
which covered the rice bran medium within 2 weeks. Numerous white sclerotial
initials were observed in rice bran medium after 2 weeks which later turned brown
in colour.The pot culture study revealed that the symptoms of rice sheath blight
disease developed during 45-52 DAS, which coincided during the active tillering
stage of the crop.

The least RLH and the maximum percentage suppression over control

were observed in the plants sprayed with fermented egg-lemon juice extract
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(15.24% and 79.42% respectively) and garlic extract (15.29% and 79.36%
respectively), which were on par with the fungicide check hexaconazole (15.29%

and 79.36% respectively).

The number of infected tillers per hill and the percentage of horizontal
spread were the least for the plants sprayed with the fungicide check (1 No. and
10.44% respectively) which was on par with the plants sprayed with fermented
egg-lemon juice extract (1.2 No. and 11.12% respectively) and potassium silicate
(1.8 and 16.93% respectively).

The lesion area was the least for the plants sprayed with the fungicide
check (4.73 cm®) which was on par with those sprayed with fermented egg-lemon

juice extract (6.85 em?) and potassium silicate (7.61cm?).

Among the biometric observations, the plant height was observed to be the
maximum for the plants sprayed with garlic extract (98.5 cm), fermented weed
extract (96.7 cm), fermented egg-lemon juice extract (93.8 cm),
Pseudomonasfluorescens (93.5 cm), lime solution (929 cm) and
Trichodermaviride (91.6 cm). The maximum number of tillers per hill was
recorded for the plants sprayed with fermented weed extract (11.40), fermented
egg-lemon juice extract (11), garlic extract (9.40), potassium silicate (10.60), lime
solution (10) and panchagavya (10.60). The number of productive tillers per hill
was the maximum for the plants sprayed with fermented weed extract (11.40)
panchagavya (10.60), fermented egg-lemon juice extract (10.60), lime solution
(10), potassium silicate (10.40) and hexaconazole (10).

The number of filled grains per panicle was the maximum in the plants
sprayed with garlic extract (113.8), fermented egg-lemon juice extract (110.80),
fermented weed extract (88.6), lime solution (92.40) and Pseudomonasfluorescens
(102). The number of spikelets per panicle was the maximum in the case of plants
which received the foliar application of fermented egg-lemon juice extract

(118.80,) garlic extract (115.40) and fermented weed extract (115).
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The number of infected tillers per hill was the least for hexaconazole (1),
fermented egg-lemon juice extract (1.20) and potassium silicate (1.8) sprayed
plants. The lesion height was observed to be the least for the plants sprayed with
the fungicide check, viz., hexaconazole (9.02 cm) followed by fermented egg-
lemon juice extract (13.04 cm), garlic extract (13.87 cm) and potassium silicate
(13.34 cm). There was no significant difference in the width of the lesions among
the treatment. The lesion area was the least for the plants sprayed with
hexaconazole (4.73 c¢m?), fermented egg-lemon juice extract (6.85 cm?) and

potassium silicate (7.61 cm?).

As far as the yield attributes were concerned, the maximum grain yield
was observed in the case of the plants sprayed with fermented weed extract
(15.98¢) which was on par with fermented egg-lemon juice extract (15.33g),
garlic extract (14.66g), lime solution (13.65g) and potassium silicate (13.32 g).
There was no significant difference in 1000 grain weight among the treatments
except for inoculated and un-inoculated control. The straw yield was recorded to
be the maximum in the case of the plants sprayed with fermented weed extract
(17.73g) which was on par with those sprayed with fermented egg-lemon juice

extract (15.46g) and lime solution (16.13g).

Fermented egg-lemon juice extract was recorded to have the maximum
plant height, total tillers per hill, productive tillers per hill, number of filled grains
and spikelets per panicle, grain yield and straw yield with the least number of
infected tillers per hill, lesion height and lesion area. Spraying with potassium
silicate spray was recorded the maximum total tillers and productive tillers per
hill, grain yield with the least number of infected tillers per hill, lesion height and
lesion area. The garlic extract spray was found to have the maximum plant height,
total tillers per hill, number of filled grains and spikelets per panicle, grain yield

with the least lesion height and lesion area.

The effective six treatments when analyzed for pH and the total N, P and

K content, it was revealed that the pH was highly acidic for fermented weed
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extract (4.9), panchagavya (4.2) and fermented egg—lemon juice extract (4.5).
Garlic extract was found to be slightly acidic (5.2). The lime solution (11.9) and

potassium silicate (10.8) showed alkaline nature.

The total nitrogen content was the maximum for panchagavya (1870 mg/l)
followed by fermented egg lemon juice extract (1100 mg/l). The total nitrogen
content was the least in lime solution (33 mg/L). The total phosphorous content
was observed to be the maximum for panchagavya (730 mg/l) followed by
fermented egg-lemon juice extract (610 mg/l) among the various treatments. The
total potassium content was the maximum for panchagavya (3160 mg/1) followed
by potassium silicate (1080 mg/1). The total potassium content was observed to be

the least in lime solution (32 mg/L).

Rice plants were analyzed for their total N, P and K at harvest. The total
nitrogen content was observed to be the maximum in the plants sprayed with
garlic extract (1.65%) and the least for inoculated control (1.32%). There was no
significant difference in the total phosphorous content among the treatments. The
total potassium content was maximum in plants sprayed with potassium silicate
(3.60%) followed by garlic extract (3.12%), fermented egg-lemon juice extract
(3.011%) and lime solution (2.991%).

Detailed studies on the rice sheath blight disease, pathogenicity, variability
in the virulence pattern of the different R. solaniisolates, identification of the
fungus and management of the disease have been investigated in the present
study. Preliminary trials conducted under both in vitro and in vivo conditions for
evaluating the efficacy of organic preparations, botanicals, soil amendments and
non-hazardous chemicals against the disease revealed the conspicuous effect of
potassium silicate (1%), fermented egg lemon juice extract (10%) and garlic
extract (10%) in restraining R solani, the causal agent of sheath blight of rice.
However, considering the different aspects includingthe biometric and yield
attributes, disease suppression as well as the economy of application, the foliar

spray of potassium silicate turned out to be the most potential treatment for the



management of the disease. The study opens up a new realm for the use of non-
hazardous chemicals, organic preparations and botanicals for the development of

an organic strategy for disease management which is eco- friendly, economically
viable and safe.
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Appendix- 1
COMPOSITION OF MEDIA USED

1. Potato Dextrose Agar

Potato - 200g
Dextrose (CeH206) - 20 g
Agar-agar - 20g
Distilled water - 1000 ml

Potatoes were boiled in 500 ml of distilled water and the extract
was collected by filtering through a muslin cloth. Agar-agar was dissolved
separately in 500 ml of distilled water. The potato extract was mixed in the
molten agar and 20 g of dextrose was dissolved into the mixture. The
volume was made up to 1000 ml with distilled water and medium was

sterilized at 15 psi and 121°C for 15 min.
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Appendix- I1

COMPOSITION OF STAINS USED

1. Lactophenol —Cotton blue

Anhydrous lactophenol - 67.0 ml
Distilled water -20.0 ml
Cotton blue -0.1g
Anhydrous lactophenol prepared by dissolving 20 g phenol in 6 ml

lactic acid in 3 ml glycerol.
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ABSTRACT
The study entitled “Organic strategy for the management of sheath blight
disease of rice” was undertaken at the Department of Plant Pathology, College of
Agriculture, Vellayani and IFSRS, Karamana during 2015-2017 with the
objective to develop an eco-friendly disease management package for sheath
blight disease of rice using organic preparations, botanicals, soil amendments and

non-hazardous chemicals.

Seven isolates of Rhizoctonia solani was isolated from sheath blight infected
rice plants collected from seven different rice growing tracts of
Thiruvananthapuram district during Kharif, 2016. The symptoms of the disease
were observed during the active tillering stage of the crop. Pathogenicity was
confirmed by proving Koch’s postulates. The isolate collected from Karode (Is)
took seven days and the other six isolates took three days for symptom
development. Virulence rating by artificial inoculation on potted plants proved
that the isolate collected from Attingal (1) produced the maximum number of
infected tillers (4.66) as well as the maximum relative lesion height at 5 (9.20%),
7" (15.70%), 10™ (19.03%) and 15™ (20.96%) days after inoculation. Thus, I, was
found to be the most virulent isolate. Based on the morphological and cultural
characteristics, the pathogen was identified to be Rhizoctonia solani Kuhn
(Accession no: KX674527). Further, molecular identification by ITS (Internal
Transcribed Space) sequencing revealed 100 per cent similarity with R. solani
AG-1 IA isolate CSUS.

In vitro pathogen suppression studies revealed that fermented egg-lemon juice
extract (10%), panchagavya (5%), garlic extract (10%), potassium silicate (1%),
lime (12.5%) and fermented weed (Setaria barbata) extract (100%) resulted in
100 per cent inhibition of the mycelial growth of R. solani. Dipping sclerotia for
24 hours in fermented egg-lemon juice extract (10%), panchagavya (5%), lime
(12.5%) and fermented weed (Setaria barbata) extract (100%) resulted in
complete (100%) suppression of mycelial regeneration from sclerotia. Analysis

of the major nutrients (N, P, K) and pH of the various treatments revealed that
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fermented weed extract, fermented egg-lemon juice extract and panchagavya were
highly acidic (pH of 4.9, 4.5 and 4.2 respectively). The total N content was high
in panchagavya (0.02 %) followed by fermented egg-lemon juice extract (0.01%)
whereas the total K content was high in panchagavya (0.03%) followed by
potassium silicate (0.01%). The P content was comparatively high in
panchagavya (0.007%) followed by fermented egg-lemon juice extract (0.006%).

The pot culture experiment for the management of sheath blight in rice (var.
Uma) revealed that the maximum suppression of the vertical spread of the disease
was observed in fermented egg-lemon juice extract (79.43%) and garlic extract
(79.36%) sprayed plants which were found to be on par with the fungicide check,
hexaconazole (79.36%). The percentage horizontal spread was the least for
fermented egg-lemon juice extract (11.12%) and potassium silicate (16.93%)
sprayed plants which were also on par with the fungicide check (10.44%).
However, the highest grain yield was recorded in the plants sprayed with
fermented weed (Setaria barbata) extract (15.98g) followed by fermented egg-
lemon juice extract (15.33g) and garlic extract (14.66g) sprayed plants. Analysis
of the major nutrients in the plants at the time of harvest revealed that the total N
content was the maximum for the plants sprayed with garlic extract (1.645%)
whereas the total K content was the maximum for the plants sprayed with
potassium silicate (3.601%).

Thus, the present study revealed that three treatments viz., fermented egg-
lemon juice extract (10%), potassium silicate (1%) and garlic extract (10%)
resulted in improved biometric and yield attributes of rice plants as well as in the
reduction of sheath blight disease incidence. However, four foliar sprays at 45",
60", 75" and 90" DAS of potassium silicate at one per cent concentration was
found to be the most economical and effective treatment in improving the yield as
well as in reducing the sheath blight disease incidence and was found to be on par

with the fungicide check.
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