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ABSTRACT

The study was under taken with an aim to know #rgability among isolates of
Pyricularia griseacausing blast disease in finger millet. Studiesewearried out on
survey of blast disease to identify the hotspotmajor finger millet growing areas of
Andhra Pradesh, variability of isolates using awaltu morphological and molecular
characteristics and evaluating the bacterial biottob agents and fungicides against
pathogen undan vitro. Efforts were made to identify the promising lirfiesleaf, neck
and finger blasts and knowing suitable weather itmmd for occurrence of disease.
Attempts were also made to manage the diseasebwitiontrol agenP. fluorescence
fungicides and their integration.

Survey was conducted duririgharif 2020 andKharif 2021 in seven major
finger millet growing districts of Andhra Pradeshhe highest mean blast disease
incidence of 56.06% was recorded in Vizianagarastridt. The lowest mean disease
incidence of 7.85% was recorded in Prakasam disRiegarding mandals, the highest
mean blast incidence of 56.59% was recorded inr®a#undal of Vizianagaram district
in the range of 53.86 to 59.20% during 2020 and@%20 59.65% during 2021 and
lowest incidence of 7.36% with the range of 5.029t01% and 4.65 to 9.78% was
noticed in Racherla mandal of Prakasam districingu2020 and 2021 respectively.

The blast samples were collected from differemtatmns of Andhra Pradesh
and a total of 20 monoconidial isolatesRyfricularia griseawere isolated.

The variability in cultural characteristiosz., colony colour, growth pattern,
elevation (flat/elevated growth), sectored or neatsred, zonations and wrinkle
formation were studied among the isolatesPofgriseaisolates on Oat Meal Agar
medium. Efforts were made to study radial growtlergfation of virulentP. grisea
isolate (VIZ-1) in different cultural conditionsz., different media and light conditions.
Good amount of sporulation was observed in obsemeinger millet Leaf extract
Agar (FLA) medium with 1.81 x POml at 5 days after inocultion followed by OMA
with 1.68 x 16 ml at 7 days after inoculation. No significantfditnce was observed
among three light conditionise. light (1.07 x 16), dark (0.87 x 19 and light+dark
(0.73 x 10). Morphological variability amondp. griseawas studied through conidial

XVi



morphology. Among the isolates, the overall sizeh& conidia was in the range of
20.74-23.0lum x 7.00-9.1um (Length x Width).

The molecular variability ofP. grisea isolates was studied using 25 SSR
markers, of which seven were polymorphic. The gendiversity was ranged from
0.180 (MGM 437) to 0.742 (Pyrms 63) with an averaf)®.491. Dendrogram using
Neighbor Joining (NJ) resulted in formation of #ammega clusters in which cluster |
was further sub grouped into sub-cluster IA, whicbludes eight isolates and sub-
cluster IB contains one. Cluster Il was further gmbuped into sub-cluster IIA, which
includes six isolates and sub-cluster IIB includal/ one isolate. However, cluster Il
was further divided into sub cluster IlIA which Indes three and IlIB includes only
one isolate.

The RAPD analysis revealed that, out of 8 RAPDnprs, 7 primers produced
polymorphic alleles which were selected for genédiiersity analysis. A total of 84
reproducible alleles with an average of 12 fragser primer were produced using 7
RAPD primers. All the markers displayed polymorpaileles. Of the total alleles (84),
one allele (OPA-07) was monomorphic with 15.38% omarphism and 84.61%
polymorphism which contains two monomorphic bondhwiIC value of 0.2874.
Whereas 6 primers produced 100% polymorphism wi@h \Rlue ranged from 0.1769
to 0.3429 and total number of polymorphic bandsawanged from 8 to 14.

Dendrogram constructed to reveal the pattern latedness among tweng).
griseaisolates using DARwin 6 software on the basis APR polymorphism. Cluster
| is further divided into sub-cluster IA which casiing of nine isolates Sub-cluster 1B
of with two isolates. Cluster Il further dividedtancluster 1l1A which consisting of four
isolates and sub-cluster IIB contains only oneaitol However, cluster Il further
divided into sub-cluster IlIA which contains thrselates and sub-cluster IlIB contains
only one isolate.

A total of 23 bacterial bio-control agents werelased from rhizospheric soil of
healthy finger millet plants and three isolateseveollected from ARS, Vizianagaram
for in vitro studies. Bacterial bio-control agents were evaldidor their antagonistic
effect onP. griseaunderin vitro conditions. Results revealed that, maximum intdhit
of mycelium growth (79.54%) was noticed in BVP-le and least mycelial
inhibition was noticed in BJR (11.30%) isolate.

Studies onin vitro evaluation fungicides against the pathogen rede#at
Tricyclazole 75% WP, Carbendazim 50% WP and Tebaxole 50% + Trifloxystrobin
25% WG inhibited the mycelial growth completely. matibility studies of fungicide
and bio-agent revealed that Tebuconazole 50% +oXy$trbin 25% WG and
Carbendazim 50% WP at all concentrations were fdartok compatible with zero per
cent inhibition of bacterial bio-control agent.

74 lines of finger millet including local check VRO8 were screened for their
resistance against blast in field conditions. Ressthowed that for leaf blast five lines
were found as highly resistant, 31 lines found essstant, 23 lines were recorded as
moderately resistant and 15 lines were found tsuseeptible. For neck blast, 30 lines
were recorded as resistant, 29 lines shown modgrat@stant, 15 lines were reacted as
susceptible. Out of 75 lines screened, 20 linesvedomoderate resistance, 41 lines
with susceptible reaction and 14 lines including VB8 showed highly susceptible
reaction to finger blast incidence.
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Correlation and regression analysis of weatherarpaters with disease
development revealed that blast disease severity skiawn to be higher during the
early planting window, possibly due to comparatvkigh relative humidity, rainfall
and a greater number of rainy days, all of whiclofalisease development.

The effective fungicides and potential bacteri@-t¢ontrol agent were used in
integrated disease management of finger millettbésS.V. Agricultural College,
Tirupati and ARS, Vizianagaram duririgharif 2021, the treatmentzTand T were
found effective for leaf, neck and finger blastiwytield.
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Chapter — |
INTRODUCTION

Finger millet Eleusine coracana (L.) Gaertn. Sub spcoracana) is a
nutrient rich tetraploid (2n = 4x = 36) cereal gr@®idaet al., 2007; Odenet
al., 2020) belongs to the family Poaceae and it ieved to be domesticated in
the East-African region from wild finger milleElgusine coracana (L.) Gaertn.
subsp.africana (Kenn.-O’Byrne) Hilu& de Wet) (Dideet al., 2007). Finger
millet has assumed a status of important staple food armpis primarily
consumed by marginalized inhabitant so for the samdi and sub-tropics of Asia
and Africa (Jenkinst al., 1982; Didaet al., 2007; Upadhyayat al., 2007;
Waghundeet al., 2013; Jegan, 2015; Negt al., 2015; Thilakarathna and
Raizada., 2015; Kuma al., 2016; Guptat al., 2017).

The name finger millet is derived from the seedhehich has the shape
of human fingers (Rowgt al. 2018). The crop can withstand harsh environmental
conditions, including higher temperatures (Yogeeisi., 2016). So, the crop is
being cultivated in different parts of the worldaimy India, Srilanka, Malaysia,
China, Myanmar, Nepal, Japan, Kenya, Uganda, Taazd&tthiopia, Eritrea,
Rwanda, Democratic Republic of Congo, Zaire, Eaite;yd Somalia in Africa
(Babu et al., 2012). The total world production of millet gmaiin 2013 was
762,712 metric tons and India is the top producéh wan annual output of
334,500 tonnes contributing 43.85 Per cent (FAQ320

In different parts of the world, finger millet Iecally called with many
names as ragi (India), koddo (Nepal), dagussatqQkbaoankiya (Ethiopia),
wimbi, mugimbi (Kenya); bulo (Uganda); kambale, dkp, mawale, majolothi,
amale, bule (Zambia); rapoko, zviyo, njera, rukweamazhovole, uphoko, poho
(Zimbabwe); mwimbi, mbege (Tanzania) and kurakkam [(anka) Shisanya et
al., 2011).

Finger millet is extensively grown in the staté¥arnataka (53%), Tamil
Nadu (15%) and Andhra Pradesh (7.5%) (Vijayakunahral., 2003; Jegan,
2015; Kumaret al., 2016; Guptat al., 2017; Kumaret al., 2020). In India, the

overall cultivated area under this crop is 10.1éhl&dectares with 13.85 lakh
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tonnes production and 1363 kghproductivity (www.indiastat.com 2016-17).
Andhra Pradesh accounts for about 0.35 lakh hextes and 0.44 lakh tonnes
production of finger millet and productivity of 127kg ha' (Agricultural
statistics at a glance, 2017-18).

Erosion in the production of indigenous and tiad&l food crops
dramatically changed the global food system (Tuared Turner, 2007). So, to
replace the food crisis, millet grains are being@dd. Millets are abundant in
nutrients and health-beneficial phenolic compoundsluding phenolic acids,
flavonoids and tannins making them suitable as faod feed (Hassae al.,
2021).

Among the millets, finger millet is most importamillet crop which is
rich in calcium (300-350 mg/100g), phosphorus (288/100g), iron (3.9
g/100g), dietary fiber (18%), phenolic compounds3{8%), vitamin B1, B2,
folic acid and niacin (Balakrishre al., 1973; Gopalaset al., 2000; Vidyavatiet
al., 2004) and have the beneficial health effectse lilantidiabetic,
antitumorigenic, atherosclerogenic effects, antiobh@l properties, lower
plasma glucose level and also low glycemic indexrithous food products
prepared from millets helped as supportive therapythe management of
diabetes mellitus (Arora and Srivastava, 2002; haksand Sumathi, 2002;
Kumaret al., 2016; Guptat al., 2017).

The blast pathogeR. grisea (Cooke) Sacc. is a heterothallic, filamentous
fungus, pathogenic to almost 50 plant species ige&tera of Poaceae including
economically important crops like rice, wheat, bgriand millets (Ou, 1985;
Rossmaret al., 1990).

The pathogen infects different parts of the plémmm seedling to grain
formation. Initially, the symptom appears on leamina with typical spindle
shaped spots with grey or whitish center and bromreddish-brown margin that
enlarge and coalesce to give the blasted appeardheepathogen affects the
plant parts like the neck, which turns initiallyolmish color, later black
resulting in breakage of stem at neck region amsdli® in severe blasting of

florets in the fingers of the earhead either withgrain or shriveled blackened

2



grains, resulting in huge production losses. Therdxand severity of infection
depend on the stage of infection and weather dondit(Takanet al., 2004;
Babuet al., 2012; Senthikt al., 2012; Takaret al. 2012; Prajapatet al., 2013;
Negiet al., 2015).

In India, the disease was first reported from Tlamjore delta of Tamil
Nadu by Mc Rae in 1920 with an estimated loss &b 3¥enkatarayan, 1946).
The average loss due to blast has been reported &wound 28-36% (Mc Rae,
1922; Vishwanatlet al., 1986; Rao, 1990; Nagaraghal., 2007) and in endemic
areas, yield losses could be as high as 80-90%\\4sathet al., 1986; Bisht,
1987; Rao, 1990).

Blast disease management in finger millet is lae$tieved using native
biocontrol agents, systemic fungicides and hosttptasistance (Spenat al.,
2014).The search for effective alternative appreadb chemical control with no
ecological hazards involving bio-control agentscantributing to sustainable
agriculture (Jairet al., 2009). Growing up of disease-resistant cultivarsery
important and cost-effective for resource poor aratginal farmers who cannot
afford to use expensive chemical fungicides assaadie control approach. To
effectively use host plant resistance mechanisms developing resistant
cultivars, a thorough understanding of the pathgdnology, pathogen
morphology, genetic diversity and epidemiologicaactbrs in disease

development are much required (Babal., 2012).

Molecular markers give an unbiased assessmentalfgenomic variation
and helps to measure genetic diversity more prigdiS@ooneret al., 1996). The
genetic diversity oP. grisea has been studied using various molecular methods,
including many SSRs (Brondaetial., 2000; Kimet al., 2000; Kayeet al., 2003;
Suzukiet al., 2009).

Improved knowledge on the interaction of hostieatt with the weather,
pathogenic strain and the crop growth stages wbaltielpful in understanding
and predicting the disease epidemic. In any hoshogen system, weather
variables such as relative humidity, rainfall aeachperature play a vital influence

in regulating infection and disease progressiorb(Baal., 2012).



Keeping in view of the economic importance of theease, the present
study was planned to conduct the survey for thedamce of disease, and
collection of pathogen and native bacterial bioomnagents from major finger
millet growing areas of Andhra Pradesh, culturabrpmological and molecular
variability of pathogen isolates) vitro evaluation of bacterial bio control agents
and commercially available fungicides, screeningesfistant sources, weather
correlation studies with the progression of diseasé management strategies

under field conditions by keeping following objees.

1. To conduct survey for occurrence and distribution btast disease,
collection of isolates and native bacterial biocohagents in major finger

millet growing areas of Andhra Pradesh.

2. To study the cultural, morphological and molecwariability among the

isolates of the pathogen.

3. Evaluation of native bacterial biocontrol agentd &mgicides against the

pathogenn vitro.
4. To screen the genotypes for their resistance agalast.
5. To study the influence of weather factors and diseevelopment.

6. Integrated disease management for blast.
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Chapter-I1
REVIEW OF LITERATURE

The available literature of work done on the bldisease of finger millet
and the various aspects related to the collectiahisolation of pathogen and
native bacterial bio-control agents) vitro evaluation of fungicides and bio-
control agents, variability studies of pathogenidemiology and screening of
finger millet genotypes. Integrated disease managérhave been reviewed in
this chapter. The review of literature pertainioghis dissertation is presented in

the following headings and sub-headings.

21. TO CONDUCT SURVEY FOR OCCURRENCE AND
DISTRIBUTION OF BLAST DISEASE, COLLECTION OF
ISOLATESAND NATIVE BACTERIAL BIO-CONTROL
AGENTS IN MAJOR FINGER MILLET GROWING AREAS OF
ANDHRA PRADESH

2.1.1 Distribution of the Disease

Finger millet blast caused Byricularia grisea (Cooke.) Sacc. Is the
most devastating disease distributed in almosgralving regions of the world,
affecting different aerial parts of the plant dtstdges of its growth starting from
seedling stage (causing lesions and prematureglofiyoung leaves) to panicle
stage causing neck and/or finger blast. The disesakaown to occur in India
(Mc Rae, 1920), Srilanka (Park, 1932), Nepal (Thsomp 1941), Malaya
(Burnett, 1947), Tanzania (Kuwite and Shao, 199$®malia (Mohamed, 1980),
Zambia (Muyanga and Danial, 1995), Ethiopia, Keryganda (Dunbar, 1969;
Adipala, 1992). In India the disease is prevalehergver finger millet is grown
viz.,, Karnataka, Tamil Nadu, Maharashtra, Andhra PsiadeéOrissa, Bihar,
Uttaranchaktc. The disease was reported for the first time indnftom Tanjore
delta of Tamil Nadu by Mc Rae (1920).

2.1.2 Symptoms

The symptoms appear at all the stages of plaawthrviz., germlings to
earheads and even on seed. When the young hea#liirgys catch the disease,

patches of seedlings give burnt appearance dusvtyesleaf blast and die which
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results in the gappy patches. Disease appearablataina with typical spindle-
shaped spots with gray or whitish centre and brawmeddish brown margin
enlarge, coalesce and give blasted appearance. dedlloped lesions may
measure 0.5 x 2 cm. The pathogen also attacks c@specially at the nodal
region results in blackening of that area. Howetlee, most damaging stage of
the disease is when it attacks neck region. Twiowo inches of the neck below
the earhead, turns initially brown, later blackutesin breaking at the infected
area. Sporulation of the fungus may be noticednm drea. The pathogen also
attacks fingers usually from the apical portiongolirun towards the base. The
extent of infection depends on stage of infectiod aeather conditions. Neck
infection causes significant loss in grain numhegin weight and significant
increase in spikelet sterility (Rath and Mishra74p If the pathogen attacks the
developing grains, it results in shriveled blaclekrseeds. Even in a resistant

variety like GPU 28 some black seeds can be seem@ 2002).
2.1.3 Pathogen

Blast of finger millet (ragi) is caused by thenfusPyricularia grisea
(Cooke.) Sacc. anamorph d¥Wlagnaporthe grisea (Hebert) Brar. It is a
heterothallic, filamentous fungus pathogenic to adtn40 plant species in 30
genera of Poaceae (Ou, 1980; Murakahial., 2000; Inukaiet al., 2006)
including Eleusine. Initially, there was differeno€ opinion with regard to the
nomenclature of the pathogen. Morphologically itvesy close toPyricularia
oryzae (Ramakrishnan, 1948). The perfect stagByfcularia grisea was earlier
named a<Ceratosphaeria grisea (Hebert, 1971). Later Yaegashi and Nishihara
(1976) suggested the genus Magnaporthe. Yaegadhidagawa (1978) finally
proposedM. grisea as the perfect stage Byricularia grisea (Cke.) Sacc. instead
of Ceratosphaeria grisea. Chauhan and Varma (1981) reporteédgrisea on
Eleusine indica from Kanpur, India. Hyphae is hyaline and septeti@wever, as
the fungus gets older, the hypha becomes browne@hy growth of the
pathogen is relatively more on the upper surfacehvthus makes the spot more
dark on that side. Conidiophores are simple, septhtisal portion being
relatively darker. Conidia obpyriform in shape amghline in colour produced

acrogenously, one after another. Conidium is tloedked, the middle cell being
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much wider and darker, and end cell germinatesigiout germtubes. Formation
of intercalary or terminal chlamydospores is commaehich are globose, thick
walled and olive brown. Under laboratory conditioithe pathogen produces

fertile perithecia (Viji and Gnanamanickam, 1998).
2.1.4 Lossesdueto Blast

Mc Rae (1922) who reported the blast diseasetfirs in India also gave
an yield loss estimate could be over 50%. The \ietdes estimated to be 10-
50% in Kenya (Sreenivasa prasadal., 2007) and 10-80% in Uganda (Esele,
1982). In India, the average loss due to blastbess reported to be around 28-
36% (Vishwanatlet al., 1986; Nagarajat al., 2007) and in endemic areas, yield
losses can be as high as 80-90% (Vishwamhtdl., 1986; Bisht, 1987; Rao
1990). Ragi blast in Himalayan region appears atetoelevation and it was
recorded at <1600 m and recorded at Ramdapal (Batsa and Tamang, 1983).
Ramappeéet al. (2002) observed 76% reduction in grain yield a@éoreduction
in 1000-grain weight when infection occurred imnageliy after flowering while
the reduction in grain yield was 52% and that d@8eed weight 50% when the
disease occurred at milky stage. Quantificatiooskes in yield due to neck
blast at different stages of earhead developmergaied that the losses were
drastic when disease appeared within 10 days odrmargence and considerable
losses were incurred even if infection occurreda@0 days of ear emergence
(Bisht et al., 1987). Blast affects the crop at all growth staged neck and
panicle blast are the most destructive form of dlsease (Takast al., 2012).
Blast disease causes a yield loss of as high a% ifCareas infested with the
pathogen (Mgonj&t al., 2013). Prajapati (2013) reported that the loskesto
P. grisea with respect to grain yield and fodder yield was78 and 43.72%

respectively.
2.1.5 Survey for theIncidence of Finger Millet Blast

Saksenaet al., (1982) conducted survey at several places in Kanpu
(India) and reported that finger millet crop waswiey damaged by blast disease

causing considerable loss in yield.



Rao (1990) surveyed in eight locations of Bangglétolar and Tumkur
districts in Karnataka and reported that an in@eas1% infection in neck and
finger resulted in a corresponding increase of @B& 0.084% yield loss and
6.75 to 87.50% loss in grain yield.

A survey for finger millet disease was conductgdBiobu and Adipala
(1993) in Kaberamaido Sub country, Seroti distiidganda. About 10.80% loss
in finger millet blast (ricularia grisea) reported on all the cultivars grown in

the area.

Hayden (1999) conducted survey in 200 fields n§&r millet at Matibo
village in East Africa for the blast disease andoréed as high as 48% blast

incidence and 42% intensity.

Takanet al. (2004) reported during the disease survey in Keayd
identified finger millet blast as the most impottamd wide spread disease. In
Uganda, blast incidence (13 to 50%) and severity (@ 68%) varied
considerably across main finger millet activateelarin the North and East. The
disease incidence and severity were higher duhegfitst season (February to

July) than in second season (August to December).

A field survey conducted by Kumat al. (2005) reported that maximum
neck (13-16%) and finger blast (42-55 %) incidentédocal varieties sown in
July second fortnight with black seeds ranging fiédn- 96% and least of 0.1 -
1.0 in recently released varieties (GPU 28 and flfsdan Tumkur district of

Karnataka.

Senthil et al. (2012) reported that the finger millet blast was imost
devastating disease affecting different aerial oaftthe plant at all stages in
Tamil Nadu (India).

Prajapati (2013) reported that the occurrence lastbdisease in finger
millet was observed in serious proportion inflitiheavy losses in south Gujarat
with the loss of 35.78% grain yield and 43.72% fedgield due to the blast
disease.



Survey in the five agroecological zones of Ethippevealed that, about
63.03 and 34.60 % of maximum disease incidencesawndrity were recorded in
west Wollega zone with and lowest disease incidemceseverity was recorded
in Awi zone with 46.70 and 15.72%, respectively ¢awet al., 2014).

Survey for the occurrence, distribution and seyesftfinger millet blast
in five countries namely, Busia, Bungoma, Kisii, éhakos and Makueni, in
Kenya revealed that blast occurrence was 100%, waitimiform distribution
pattern on all the farms surveyed across all thent@s. Busia country had the
highest disease severity at 82.31%, while Makuexd the lowest severity at
61% (Odeptet al., 2020).

Mbinda et al. (2021) reported that finger millet blast diseasas
adversely affected the productivity of the cropdieg to poor yields by causing

92 to 98%, yield loss in Bungoma and Kisii Counbé&enya.

22 TO STuDY THE CULTURAL, MORPHOLOGICAL AND
MOLECULAR  VARIABILITY AMONG THE ISOLATES OF
THE PATHOGEN

2.2.1 Cultural and Morphological Variability among the P. grisea | solates

Ramakrishnan (1948) observed a positive correlaitiothe sporulating
ability and aerial growth d®. grisea. Mutations of the SMO+ genetic locus were
reported to cause a number of gross deviations filmennormal process of
conidiogenesis, resulting in conidia which exhidite wide variety of unusual

morphologies (Hamest al., 1989).

Araseet al. (1994) reported that two mutant isolate$ gficularia oryzae
formed abnormal, longer, cylindrical spores with rensepta than those of
normal, obpyriform spores of wild isolates. Viji aarGnanamanickam (2000)
could distinguishPyricularia isolates from different hosts based on cultural an

conidial variation.

Cultural Variability of P. oryzae Isolates Hossain (2000) observed that

among the non-synthetic media, potato dextrose siggvorted maximum radial



growth (85.00 mm), next was host extract + 2 pert icrose agar medium

(80.33 mm) followed by oat meal agar (75.00 mm).

Sonah et al. (2009) studied the cultural and morphological aaitity of
M. grisea isolates collected from rice and non-rice hosiseated that isolates
that showed fast vegetative growth as grey-greegrey- white produced more
number of spores than those with slower vegetagik@vth (submerged or
subdued growth patterns). Isolates derived from-mma: hosts also showed

abnormal spore morphology which were longer, cyloa and obpyriform.

Gopalet al. (2012) studied radial growth and sporulatiorPofyrisea by
culturing fungal isolates from rice, finger millehd Panicum sp. on six different
media: Prune Agar (PA), Oat Meal Agar (OMA), Potatextrose Agar (PDA),
Finger millet Leaf Decoction Agar (FLDA), Finger llet Polish Agar (FPA) and
Finger millet Meal Agar (FMA). Among the differentedia used, PA and OMA
were found to be the best for mycelial growth aparslation of the isolates both

from rice and finger millet.

Moghaddam and Soltani (2013) evaluated three fungture mediaviz.,
Potato Dextrose Agar (PDA), Potato Carrot Agar (P@Ad Water Agar (WA)
for vegetative growth and sporulation. Three ligggjimesi.e. continuous light,
16/8 hr light/darkness, and continuous darknessevagplied. The findings
indicate that PDA culture medium could provide best medium foP. oryzae
vegetative growth and a combination of 16/8 hrtliglarkness intervals induced

better sporulation.

Asfahaet al. (2015) observed optimum growth and good spoatf
P. oryzae isolates on oat meal agar when compared with atiestiai.e. rice

flour agar, malt extract agar and potato dextrggse.a

Srivastavaet al. (2014) assigned ten isolates Bf oryzae into six
morphological groups (PG-I to PG-VI) based on ttieecences in morphological
characteristics (colony colour, colony morphologydaconidia shape). The
colonies of group PG-I produced ring like smoothm&rgin with buff to greyish
colour, PG-II produced circular smooth margin wituff colour, PG-III

produced circular rough margin with greyish black bdlack colour, PG-IV
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produced ring like cottony colony with buff colou?G-V produced irregular
rough margin colony with buff colour, PG- VI prodtcircular smooth colony
with raised mycelium having buff colour. The comidshape of the different
groups was pyriform (pearshaped) with rounded baseé,narrowed towards the

tip which is pointed or blunt.

Pandaet al. (2017) characterized twenty isolates Bf oryzae and
categorized based on the variation in morphologitaracteristicyviz., colony
colour, surface appearance and type of growth. iEb&ates produced little
surface, downy, flat with little mycelium and sulnged growth with smooth and

rough margins on OMA media.
2.2.2 Genetic Diversity of Pathogen | solates using SSR and RAPD Markers

To understand the mechanism of frequent breakdwesistance in blast
resistant cultivars, studies on the extent of gendiversity present in the
population ofM. grisea in a specific geographical region is important\yy.e et
al., 1993).

In order to measure genetic variability more welyi, molecular markers
provide an unbiased estimate of total genomic tianiaand have the potential to

minimize errors due to sampling variance (Spo@nal., 1996).

DNA fingerprinting techniques have created newlsdor the molecular
analysis of M. oryzae populations (Levyet al., 1993) and this is equally

applicable tavl. grisea as well.

Information on regional and global population dsry at the lineage
level is useful to understand the epidemiologicapprties of the blast disease in
neighboring areas (Let al., 2010).

Assessment of genetic diversity Mt grisea from different crops mostly
relied on MGR-based Restriction Fragment Lengthyimorphism (RFLP),
which is an expensive and time-consuming technidithe. most commonly used
DNA-based markers includes, Randomly Amplified Paodyphic DNA (RAPD;
Williams et al., 1990; Welsh and McClelland, 1990), Amplified Fragr
Length Polymorphism (AFLP; Vost al., 1995) and Sequence Characterized
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Amplified Region (SCAR) markers (Soubabetel., 2001). These markers are
PCR-based markers and do not need any sequencenation, speedy means to
generate molecular markers but provide several mendragments with a

marker in the single experiment (Varshreewl., 2007).

Generation of SSR markers is a time consumingyualintensive and
expensive task. Several SSR (Brondaral., 2000; Kimet al., 2000; Kayeet al.,
2003, Suzuket al., 2009) and minisatellite markers (@ial. 2007) have already

been developed fov. grisea.

The assessment of genetic diversity and viruleooeplexity of forty five
isolates of rice blast fungus from three differgabgraphical regions (hilly area)
of Uttarakhand was done by using fifteen RAPD preneshowed the
polymorphism range from 71.40 to 90%, while thegeof total loci scored was
from 07 to 10. The molecular weight of scorable fanged from 150 to 2500 bp
(Singh and Kumar, 2010).

Babuet al. (2013) reported the genetic diversity and popaastructure
of 72 M. grisea isolates collected from finger millet (56), foxtailillet (6), pearl
millet (7) and rice (3) from major crop growing asein India was studied using
24 SSR markers. None of the SSRs detected polynsonphn theM.
grisea isolates from pearl millet. Seventeen SSR markesse polymorphic in
the 65 non pearl millet isolates and detected 1i@fea, of which one was rare,

83 common, 9 frequent and 12 most frequent.

The genetic variability among isolates Mégnaporthe grisea collected
from rice Oryza sativa), buffel grass Cenchrus ciliaris), finger millet Eleusine
coracana) and para gras$fachiaria mutica) were analyzed by using Random
Amplified Polymorphic DNA (RAPD) method. Analysisf othe genetic
coefficient matrix derived from the scores of RARDofiles showed that
minimum and maximum per cent similarities among thestedV.
grisea (Madhavaret al., 2014).

Jesumaharajet al. (2016) performed 20 Random amplified polymorphic
DNA (RAPD) with 14 isolates dfl. grisea. The genetic similarity coefficient

within each group and variation between the growps observed. Among the
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primers, OPF-08 generated a RAPD polymorphic praflat showed common

fragment of 478 bp in all the isolates.

Abubakaret al. (2020) found a total of fifty nine (59) amplifigchgment
bands with 10 DNA primers, of which 53 (89.83%) wgyolymorphic and 6
(10.17%) were monomorphic. Genetic similarity amadhg accessions varied

from 0.18 to 1.44 with an average gene diversityevaf 0.74.

23 EVALUATION OF NATIVE BACTERIAL BIO-CONTROL
AGENTSAND FUNGICIDES AGAINST THE PATHOGEN IN
VITRO

2.3.1 Evaluation of Bacterial Bio-control Agents against Blast

Gnanamanickam and Mew (1992) reported Bsatidomonas fluorescens
strain 7-14 was the most effective agaiRstgrisea underin vitro condition.
Vidhyasekararet al. (1997) found thaP. fluorescens strain was inhibitory to the

growth ofP. grisea underin vitro.

Prasanna and Rao (2009) tested 30 strairf3 ofiuorescens, againstP.
oryzae. Out of 30, ten exhibited strong antifungal adyiviby producing
antifungal metabolites and inhibited the myceliawgth.

The biocontrol potential ofP. fluorescens was isolated from the
rizhosphere of rice fields and was tested ag&mnetyzae. The bio-control agent
grown faster and actively checked the growtlirgficularia oryzae by inhibiting
78.9% undern vitro (Arumugamet al., 2013).

Gashawet al. (2014) reported thaP. fluorescens showed maximum
mycelial growth inhibition by isolates Pg.40 (572K followed by Pg.26
(56.14%) undem vitro condition. Evaluation oP. fluorescens againstP. oryzae
revealed that 44-100% of inhibition in mycelial gt was observed undén
vitro condition (Herret al., 2018).

Rana and Paul (2019) tested nine different batter@control agents
againstP. oryzae. Among those AM16 and AB7 of Pseudomonas spp. stiowe
79.07 and 69.75% mycelial inhibition undewitro condition.
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Prasanna and Rao (2009) was screened 30 isolat&s fbfiorescent
againstP. oryzae underin vitro condition revealed that ten out of thirty isolates

were exhibited strong antifungal activity by proohgcantifungal metabolites.
2.3.2 Evaluation of Commercially Available Fungicides against Pathogen

Naik and Jamadar (2014) evaluated five systemmgitidesP. grisea
(Pg8 local Bijapur isolate) for inhibition of radligrowth on the Czapeck’s agar
under in vitro condition revealed that tricyclazole 75WP gave imaxn
inhibition of the mycelial growth (87.78%) of theathogen followed by
difenconazole 25EC (86.91%) and hexaconozole 5E3885b).

Netamet al. (2014) reported complete inhibition of myceliabgth was
given by tricyclazole followed by Ediphenphos andridozeb 65 per cent WP +
Carbendazim12 per cent WP (Saff). Joshi and Gd2€8115) reported that

tricylazole 75 WP gave maximum inhibition of myedlgrowth.

Carbendazim was also found to be highly effectiyeimhibiting the
mycelial growth of pathogen as reported by Sethal. (2018). Rayhanuét al.
(2019) also reported the maximum inhibition Byricularia oryzae by using
Nativo 75 WG (64.57%).

Kafle et al. (2021) evaluated different fungicides agaiRsbryzae under
in vitro conditions. Among the test chemicals Nativo wasashto exhibit 100%

inhibition by inhibiting pathogen mycelium.

24 TO SCREEN THE GENOTYPES FOR THEIR RESISTANCE
AGAINST BLAST

Ravikumaret al. (1990) evaluated 316 genotypes of finger milleero
four seasons under natural environmental condititmes mean neck and finger
blast incidence was higher in the post rainy sea@wer season a number of
genotypes showed zero incidence for neck blast.@¥ew none was completely
free from finger blast, while 7 genotypes GE75, 6&£6GE866, GE1309,
GE1319, GE1407 and GE1409 showed resistance tanecthand finger blast.

Somasekaharet al. (1991) screened 25 finger millet cultivars for thei

resistant to blast under natural conditions ananted that none of the cultivar

14



was resistant to leaf blast but HPB IE 11-1 hadllssized lesion when scored
for neck and finger blast, IE 1012 was completehmiune to infection, and
cultivars HPB IE 11-1, Indaf 15, MR 1, MR 2 and N8Rhad less than 5 per cent

infection.

Jainet al. (1994) evaluated 21 genotypes of finger milletimy 1987,
1988 and 1989 for stability of resistant to neckl dimger blast disease®.(
gresea). The response of genotypes to neck and fingest Mas genetically
controlled. Genotypes VL 145, VL 149, PR 1158-9UGE and RHRN 82-1/84
had stable resistant, while HR8-19-1 and PR202b&eti moderate resistance

and stability for both the diseases.

Muyongaet al. (2000) screened 5 finger millet varieties for bldstease
tolerance. Among them, the variety Sirare was nhaerant to blast disease then

variety P224 and Nyaikuro, while Gulu-E and Ikhelwere moderately tolerant.

Jain and Yadava (2001) screened 52 genotypes @érfimillet for blast
resistance in two consecutive years. Genotypes ME61348, 1370, 1417,
1420, 2821, 3022, 3024, 3057, 3058, 3080, IE101®? w8 IE were found
resistance, while VL 231,171,174, GPU25, GE1036 8484 were found
moderately resistant.

Mantur and Madhukeshwara (2001) assessed 66 gesotgp finger
millet for blast resistance. Among them, nine @stviz., GE 2400, 4913, 4914,
4915, 4929, 4966, 5102, 5126 and 5148 were contplétee from infection
recorded “O” disease grade, as many as 36 entdesrded 0.1 to 2.0%
incidence in both the seasons and proved as a ggmstance. However, 16
entries showed moderate incidence (2.1 to 10.0%eok and finger blast, while
only 2 entries recorded a disease grade of 4 (t®.25.0% incidence). Two
susceptible checksz., KM229 and KM230. Showed more than 25% blast, while

K7 recorded more than 50% blast.

Jain and Yadava (2004) screened 40 genotypesi@érfimillet for blast
resistance in two consecutive years determine tleehanism of resistance.
Genotypes, GE-3022, GE-3024, GE-3058, GE-3060 ang-6Mshowed
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consistency of resistance against leaf, neck, amyeif blast in the two years of

the experiments.

Nagaraja and Mantur (2007) screened 64-75 finger
millet germplasm entries for both neck and fingéasb [Magnaporthe grisea]
incidence. Among those entries like GE 5183, 5A1)5, 5209, 5212, 5215,
5218, 5227 and 5230 showed consistent resistaaotior and thus, are useful

in breeding for stable resistance.

Gupta and Jain (2010) screened 38 finger milletivauks at Reva and
Dindori location of Madhya Pradesh and found thauBivars namely BR-1, L-
76 and KMR-204, showed resistant reaction, whiledfivars were moderately

resistant to all three blast (leaf, neck, fingexsb) infection at both the locations.

Barnwal (2012) screened 8 finger millet cultivaradar favourable
environmental conditions against blast disease stafled that the cultivar
OEB225 had the lowest neck blast incidence (2.5k@) finger blast (12.1%)
with the highest grain yield (27.4 g/ha). this wallowed by GPU 67, while
other cultivars A 404, JWM, 1, GPU 45, OEB 244,71End PR 202 showed

moderately resistant reaction against neck blast.

Patroet al. (2013) evaluated 16 pre-released and releasadtiear of
finger millet and reported that GPU 28 as immunelst pathogen and nine

varieties were resistant to all three forms of bthsease.

Patro and Madhuri (2014) evaluated 32 finger migenotypes among
them, two were susceptible to neck blast and meelgreesistant to finger blast,
14 were moderately resistant and 13 were susceptibboth neck and finger
blast.

Madhavilatha and Rao (2015) tested thirteen priogig-inger millet
genotypes against blast. Among those tested erffi#® 1012 with low blast
disease incidence score (leaf blast: 1, neck b®ad8%, finger blast: 10.91%)

has been reported.

Screening of 12 elite finger millet cultivars, GB49 and GPU 28 were
reported to be resistance to leaf blast and GE 48804449 and GPU 28 were
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moderate resistance/susceptible to neck and fibtgest (Divyaet al., 2017).
Neerajaet al. (2016) screened 25 finger millet varieties andorggal that nine
varieties were resistant to moderately resistantetd blast and three were

moderately resistance to both neck and finger blast

Patroet al. (2017) screened 10 genotypes were evaluatee$mtance to
blast none genotypes were found free from diseamédance. Minimum
percentage of neck blast severity was recordedLirBY9 (14.82%), while the

minimum finger blast severity (13.70%), was recordeGPU 45.

Patroet al. (2018) evaluated 30 varieties of finger milletwich five
varieties are found to be highly resistant and tee varieties are resistant
whereas VR 708 recorded as highly susceptibleatiodiast.

Patro and Anuradha (2019) evaluated 3000 fingdletmines including
one check varietyiz., VR 708 (susceptible) against neck and fingestbla
Among all the 3000 lines 112 lines have shown tastsreaction under high
disease pressure field conditions durkiwrif 2013-2018. However, only 50
varieties have shown consistent resistant reachioming all the years (2014-18)
tested. The percent disease intensity of neck iagerf blast ranged from 0.00 to
96.40 and 0.00 to 95.30 respectively, where it 95 and 96.4 PDI of neck and
finger blast in check VR 708, a highly susceptideety.

An investigation was made to identify suitable blessistant varieties
through on farm trials in Vellore district durin@27-18. The results of the study
revealed that TNAU finger millet Col5. The reactioh variety to the blast
incidence was moderately resistant to leaf bla#t thie disease score of 2.1. The
per cent incidence of neck and finger blast wasab@ 5.7, respectively against
ruling variety GPU 28 which recorded 14.3 and 19.Z%endhilvel and
Veeramani, 2020).

25 TO STUDY THE INFLUENCE OF WEATHER FACTORS AND
DISEASE DEVELOPMENT
Thomas (1940) reported that the rice crop sowa (&ctober) in the
season under field condition showed maximum indects the susceptible stage

of the crop coincide with the prevalence of low pemature after October.
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Andersonet al. (1947) reported that temperature?Q4o0 28°C and high
humidity (>90 %) favoured infection of rice blagtall (1988) noted that finger
millet blast development was favoured by minimumperature of 15-25C,
High rainfall and RH > 85 per cent. Early cultivaxgre highly susceptible to
neck blast because of favourable climatic cond#i@t the ear head stage
existing and coinciding.

Vishwanath and Channamma (1988) studied sevefitylast on finger
millet depends on the climatic conditions. The fus@referred low temperature
(<20°C) with high humidity, heavy rainfall and low ligfdr outbreaks.

Jainet al. (1994) noted that moderate temperature$@1o 29°C and
mean atmospheric relative humidity of >80 per ceuating the reproductive
period favoured blast disease development in fing#et crop.

Hegde (1996) was found that a pH of 7.0 to benmotn while the
temperature requirement was 28°C for finger milletast pathogen.
Madhukeshwarat al. (1997) working six isolates &?. Grisea from finger millet

found 28°C to be the optimum temperature for growth

Gouramanis (1994) studied the influence of envitental condition on
rice blast development. He reported that the faafolerenvironmental conditions
for blast development were mean air temperaturedezt 21-28C and 54-84%

relative humidity.

Average minimum and maximum temperature betweé@ 2@ 29°C with
high relative between 85 to 99% during the growehqa increased blast disease
intensity in finger millet. The disease intensilgaashowed significant positive
correlation with maximum and minimum temperaturainfall and relative
humidity (Patel and Tripathi, 1998).

Tripathiet al. (1998) at Faizabad (U.P) recorded optimum groovthice
blast P. grisea) lesion at 28C day temperature, 2& night temperature and 97-
98 per cent relative humidity. They also found tgedwth decreased with day
temperature above 2& but increased with decreasing night temperatbail
and Anilkumar (2003) observed that finger millebgrwas damaged by blast

caused by. grisea especially during the rainy season in Karnataka.
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Kumaret al. (2005) the effects of sowing date (20 June, 3@JaA July,
20 July, 30 July, 10 Aug, 20 Aug, 30 Aug, 10 Sed a0 Sep) on the incidence
of neck and finger blast disease causedPbyrisea in four susceptible finger
millet cultivars (GE-218, GE-283, GGE-295 and GH-B0at Bangalore,
Karnataka, India. The highest incidence of neclstibleas observed in GE-218
(45.21%), GE-295 (31.37%) and GE-301 (42.40%) sown 0" July when a
minimum temperature of 21.8 and relative humidity of 93% prevailed the
highest finger blast severity of 48.6 (GE-218),129(GE-283), 63.00 (GE-295)
and 96.25 per cent (GE-301) was recorded for thieties sown on 1@uly. The
results suggested that the increased neck andrfbyigst incidence was due to
reduced temperature and increased relative humidipposite trends were
recorded for low blast disease development. Dube®003) studied the
influence of weather factors on the developmerilaét in Jharkhand on highly
susceptible variety, Birsa Dhan-2002 and reportet blast of rice appeared
during 3% week of July and increased gradually. The disesmeerity was
maximum at 71-81 days old plants with Mean tempeeabf 22-30, 85.5%
relative humidity, rainfall 6.3-9.1 mm and numbérainy days 6-8 were found
favourable for maximum disease intensity. Neckatiten appeared 51 days after

sowing and increased gradually up to crop harvest.

Nagarajaet al. (2007) stated that the temperature ranges frorB02%,
humidity of 90% and above and cloudy days withrimigent rainfall conditions
were found very favourable for the developmentapiid spread of blast of finger

millet.

A 40 h wetting of spikes associated with a 25 é@gerature resulted in
85% infection of wheat blast caused Mwgnaporthe oryzae Triticum (Cardoso
et al., 2008).

Continuous rain along with moderate temperaturd&#®5 °C, followed
by sunny days at the flowering stage is the mosgenial conditions for wheat
blast outbreak (Kohlet al., 2011).

Shafaullahet al. (2011) reported that the disease severity of bieest

decreased with increased in minimum temperatura 6 to 26°C. Rainfall and
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relative humidity influenced positive effect oneiblast severity with rainfall

from 5 mm to 17 mm and relative humiditg. 72-95 %.

Netamet al. (2014) found that the minimum leaf blast seveatyd neck
and finger blast incidence as well as highest gyaitds were recorded fronfl
June sown crop during both the years. The weathesinpeters recorded and
correlated with disease development, in two yeadicated that the average
minimum and maximum temperatures ofQland 29C respectively a 70-81%
relative humidity. Present study indicated thatrdase in temperature and
increase in humidity may favour the disease devetyn and may cause

epidemic of leaf blast or neck blast or finger hlas

Studies on the effect of leaf wetness and temperabn disease
development showed an overall increase in leaft Idaserity, lesion length
(mm), number of lesions per plant, lesion sporafatnd leaf sporulation with
the increase in leaf wetness duration (LWD) andchated that both leaf
wetness duration and temperature were essentidldst on pearl millet which
becomes more severe at longer wetness durationgntbes8 hours during
optimum day/night with a temperature ranging frobe2/20+1°C to 30+1/22+1
°C (Goud., 2015).

Conducive environmental conditions facilitated leatisease initiation,
rapid increase in rice blast. Rain fall of 87%atiele humidity of the morning
81%, relative humidity of the evening 61%, wind egpef 31% and minimum
temperature 11% contributed to the disease devaopiiiNaqvi and Perveen.,
2015).

26 INTEGRATED DISEASE MANAGEMENT FOR BLAST

Vanitha (1998) reported that seed treatment We#udomonas florescens
against finger millet blast was found to be higbffective which showed 2.95%

reduction in disease incidence with 2026 kg/hagase in grain yield.

Ramappaet al. (2002) also found that application of 0.3 per cEnt
fluorescens as a spray was found to be effective in contrgllitast disease and

increased grain yield.
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Muthaiyan (2000) noticed that seed treatmerf.dfuorescens (10 gm/kg
seed) with its broadcasting (2.5 kg/ha) at 30 @dagsfoliar sprays (1.25 kg/ha) at
45-60 days after transplanting reduced the leaf5{b4) and neck (4.5%) blast
with significantly higher yield production (4625 kg) of rice.

Patroet al. (2008) evaluated the efficacy Bf fluorescens (0.6%) against
the blast of finger millet and found thRt fluorescens (0.6%) as a seed treatment
with two foliar sprays at ten days interval, firgpray was starting at head
emergence was found to be the most effective toceethe blast and increasing

yield of finger millet.

Narayanswamyt al. (2009) showed that application of Tebuconazole +
Trifloxystrobin was found most effective in contind rice blast as it controlled

the disease up to the extent of 84% compared twaion

Kumar and Kumar (2011) suggested that seed treatm#mP. florescens
pf2 (0.6%) with its two foliar spray (0.6%) mostfesftive in reducing blast
disease of finger millet. The treatment provided68% yield increases over the

control.

Mohan et al. (2011) reported that Tebuconazole + Trifloxysimobnd
Tebuconazole were found most effective againstaatand neck blast of paddy
under field condition. Dutt&t al. (2012) tested various fungicides against rice
blast. Among those fungicides nativo shown effexfior with 10.15% reduction
in percent disease incidence and 18.98% reductiomeick blast incidence.
Different scientists confirmed that strobilurin texd fungicides found to be
effective in controlling rice blast disease complaie other fungicides (Debashis
etal., 2012).

Sireesha (2013) reported tHatfluorescens was found the most effective

in controlling the leaf blast and neck blast anctéiased grain yield.

New combination fungicide, nativo 75 WG @ 0.4 gAsmested against
rice blast under field condition durifgtumn 2014 and 2015 which was

effective against blast diseases recording leasteRe Disease Index (PDI) of
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17.02 and increase in the grain yield of 55.13 when compared to the other
fungicidal treatments (Pramestal., 2016).

Kulmitra et al. (2017) reported that Tebuconazole 50 % + Trifldsofsin
25 % (WG) was found to be the most effective fuiticagainst the leaf blast
disease in rice. (2017). Nirmalketral., (2017) evaluated efficacy of fungicides
against leaf and neck blast disease in paddy dkmayif season of 2013-14.
Among the evaluated fungicides combination of Temazole 50 % EC +
Trifloxystrobin 25 % WG were found to be effectimgainst leaf and neck blast

disease.

Sharmaet al. (2018) evaluated nine fungicides were tested thair
efficacy in controlling pearl millet blast. Amongsted fungicides three sprays of
Propiconazole or Tebuconazole + Trifloxystrobin evefound to be highly

effective.

Singhet al. (2019) evaluated six fungicides under field candit among
those Tebuconazole 50 % + Trifloxystrobin 25 % (W@G)nd to be effective
with minimum disease per cent intensity of 11.46 pent followed by
Azoxystrobin 18.2 % + Difenoconazole 11.4 % (SCYhwil2.85% disease

intensity.

Ahmad et al. (2020) evaluated various fungicides against Htast.
Among those nativo 75% WP @ 65 g a. i. per acre fwasd to be highly
effective in controlling blast disease with minimypercent disease intensity
(11.16%) and maximum value of grain yields ( 442%8g ha?).
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Chapter - Il

MATERIAL AND METHODS

This chapter includes all the material used anchous adopted in the
investigation. The present investigation was cdroeat at Department of Plant
Pathology, S.V Agricultural College Tirupati, molgar experiments at Institute
of Frontier Technology, RARS, Tirupati and scregninveather correlation
studies as well as disease management experimeats wonducted at

Agricultural Research Station, Vizianagaram, Andhradesh.
3.1 GLASSWARE

Glassware of Borosil® or Corning® make were usete hlassware
consisted of Petri dishes, conical flasks, testesubscrew caps, measuring

cylinders and watch glasses.

The glassware was first washed with detergent poviddowed by
cleaning with tap water. Later, the glassware kernight in cleaning solution
containing 75 g potassium dichromate, 500 ml ofewaind 1000 ml water and

again washed with tap water followed by rinsingwdtstilled water.
3.2 CULTURE MEDIA
3.2.1 Media and their Composition
The following media were used in the present ingasbn.

(A) Potato Dextrose Agar (PDA)

Potato :200.0¢9

Dextrose :20.0¢g

Agar — agar :20.0¢g

Distilled water : 1000 ml

200 g peeled and sliced potatoes were boiled in raD@istilled water to
make potato extract. Agar-agar (20 g) was addedntmther 500 ml distilled

water and melted by boiling. The muslin cloth wasedi to filter the potato
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extract, and the filtrate was collected and addeithé¢ melted agar. After adding
dextrose, the volume was increased to 1000 ml wigtilled water. Before
sterilising the medium in an autoclave, the pH Y ®&6the medium was adjusted

with sodium hydroxide (NaOH) or lactic acid.

(B) Oat Meal Agar (OMA)

Oat flakes :30.0¢g
Agar — agar :20.0¢9
Distilled water : 1000 ml

30 g of oats were boiled in 500 ml of distilledterafor 30 minutes in a
conical flask to make Oat Meal Agar medium. In &eotconical flask, agar-agar
(20 g) was melted in 500 ml of water with distilladiter and added to the oat
meal broth. By adding distilled water, the finapaaity was increased to 1000

ml. Before sterilisation, the pH of the medium veagusted to 6.5.

(C) Ricel/Finger Millet Leaf Extract Agar Medium (RL A/FLA)
Host plant material : 200.0 g

Sucrose :20.0¢9
Agar-agar :20.0¢9
Distilled water : 1000 ml

Rice/finger millet host leaves (200 g) were gatkdefrom healthy plants
and cut into small pieces, which were then cooke800 ml distilled water until
mushy. The resulting leaf extract was then filteosthg muslin cloth. Sucrose
(20 g) was added to the extract. The leaf extras sissolved in agar-agar (20 g)
melted in 500 ml distilled water. By adding digtdl water, the final volume was
increased to 1000 ml. Before sterilisation, thegithe medium was adjusted to
6.5.

D) Potato Sucrose Agar (PSA)

Potato :200.0¢9
Sucrose :20.09
Agar — agar :20.0¢
Distilled water : 1000 ml
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E) Oat meal Sucrose Agar (OSA)

Oat flakes :30.0¢g
Agar — agar :20.09
Sucrose :20.0¢9
Distilled water : 1000 ml

Synthetic media/Hi media

F) V 8 juice Agar media

G) Richard’s Synthetic Agar media
H) Nutrient Agar (NA)

3.3 STERILIZATION

All of the glassware used in the study were szexd for two hours in hot
air oven at 16°C. All of the nutrient media were sterilized for thinutes at

121°C in an autoclave at 15 psi.
3.4 POT CULTURE EXPERIMENTS

Plastic and earthen pots of size 22 x 20 cm (heigbp surface diameter)
were used in the present studies. As potting méakapots were filled with three

parts of red loamy soil and one part thoroughlyodggosed farm yard manure.

35 TO CONDUCT SURVEY FOR OCCURRENCE AND
DISTRIBUTION OF BLAST DISEASE, COLLECTION OF
ISOLATES AND NATIVE BACTERIAL BIO-CONTROL AGENTS
IN MAJOR FINGER MILLET GROWING AREAS OF ANDHRA
PRADESH

3.5.1 Survey for the Incidence of Finger millet Bist in major Finger millet

Growing Areas of Andhra Pradesh

Roving survey was conducted for the incidencdimjer millet
blast duringKharif 2020 and 2021 in major finger millet growing areds
Andhra Pradesh (Table 3.1) (Fig. 3.1). Each distvas divided into two
mandals, in each mandal three villages were seletiteeach village three

fields were chosen for the study. Observations wecerded in one square
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expressed as Per cent Disease Incidence (PDI).

Diseased hills observed

PDI =

X100

Total no. of hills observed

meter area randomly in each field. Finger milletsblin observed fields was

Table 3.1.  Survey for the incidence of finger midt blast in major finger
millet growing areas of Andhra Pradesh during Kharif 2020
and Kharif 2021
S, District Mandals Villages
No.
Vallur Lingayapalle Vallur Goturu
1. | YSR Kadapa
Kamalapuram Kamalapuram Ramachandrapurar. Sadipirala
Palamneru Palamneru Moram Kurmoi
2. | Chittoor
Kuppam Gonugur Jarugu Palarlapalle
Madakasira Govindapuram Jadrahalli Haresamudrar
3. | Anantapur
Gudibanda Morubagal Gudibanda Muthukur
Peapally Peapally Vengalampalle Pothidoddi
4. | Kurnool
Pattikonda Pattikonda Chakkaralla Juturu
Racherla Anumalapalli Racherla Somidevipal
5. | Prakasam
Komarolu Taticherla Chintalapalli Komarolu
Veldurthi Veldurthi Uppalapadu Gundlapadu
6. | Guntur
Macherla Macherla Kothapalli Koppunur
Kurupam Gumma G. Sivada Gummidigud
7. | Vizianagaram
Salur Neliparthi Salur Kurmarajupet

)}
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Fig. 3.1. Map showing districts and mandals surveykin Andhra Pradesh.
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3.5.2 Collection and Isolation ofP. grisea Isolates from Blast Diseased

Samples

Finger millet blast samples collected from farmdislds were used for
the isolation of the pathogen. The pathogen wadstesw by following standard
tissue isolation procedure (Tuite, 1969). Smak bit diseased leaves along with
some healthy tissue were cut with the help of ailstescalpel and surface
sterilized with one per cent sodium hypochloritéugon for 1 min and rinsed
aseptically in three changes of sterilized diglillgater. Such surface sterilized
leaf bits were transferred aseptically into steel Petri dishes containing
solidified Oat Meal Agar medium and incubated at28°C for two weeks in a
BOD incubator.

3.5.3 Puirification of Culture

The fungal culture was purified by single sporelaion method as
described by Ou and Ayed (1968). The conidial susipe was prepared by
scraping the surface of 15 day old fungal growththe agar plate and the
scrapings were made into concentrated suspensioadding 1 ml sterilized
distilled water. After confirming the presence abndia of P. grisea, the
suspension was poured aseptically into the Peshedi containing 2% of agar
medium. The Petri dishes were gently rotated fer elien distribution of the
conidia in the medium before it set. After inocidatof Petri dishes for 12 h, the
conidia well spaced out were located by examinivg liottom side of the Petri
dishes under the microscope and were marked wilass marker on the outer
side of bottom of the Petri dish. Each marked srginidium along with a bit of
agar medium was aseptically cut and scooped wah#ip of sterilized scalpel,
and transferred to Oat Meal Agar slants. The celwas maintained by sub
culturing at 15 days interval. In naming criterib pathogen isolates, the first
three letters indicates respective villages andntimabers indicates, number of

pathogen isolates collected during the survey ((BNG-1= Lingayapalle-1).
3.5.4 Identification of the Pathogen

The fungus isolated during the study was identifibdsed on the

characteristics of the colony, hyphae and conitiee measurements of conidia
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were recorded and compared with standard measutgietine species given by
Shirai (1896) and Rao (1994).

3.5.5 Pathogenicity Test

Plant material: The pathogenicity of twenty isolates were testesing a

susceptible finger millet cultivar (VR 708). Seedjs of the susceptible cultivar
were grown in 22 X 20 cm diameter plastic potedllwith sterilised soil-sand-
FYM (farmyard manure) mix (2:1:1) and placed ine#rreplications in a
greenhouse bay kept at 30°C. To retain 10 plantp@e seedlings were thinned

at the one-leaf stage.
Inoculum preparation and inoculation

The 6 mm mycelial discs of each isolate were aminfi7 day-old-culture
of P. grisea grown on OMA medium at 26+1°C. Mass multiplicatiohspores
for inoculation was achieved by growing each isol@@ discs/plate) on OMA
medium at 26£1°C for 15 days. The plates were #dodith 10 ml of distilled
water and the fungal growth containing mycelium aahidia was gently
removed by scrapping with a sterile plastic inotalaloop. Approximately 30
ml of a spore suspension of each isolate was &eamsf into 100 ml conical
flask, mixed thoroughly by vortexing for releasecohidia into water. Harvested
spores were filtered through a double-layer mustiioth, the resultant
concentration was adjusted to 1Xt6nidia ml-1 and 0.02% (vol/vol) Tween 20
(polyoxylethylene sorbitan monolaurate) (#gaal., 2003) was added to the
suspension just before the inoculation. 15-dayjodd-grown seedlings were
inoculated artificially by spraying the inoculum a@he foliage using a hand-
operated atomizer. Inoculated plants were alloveepartially dry for 30 min to
avoid dislodging of the spores and the seedlingaygga with water were

maintained as control. All the inoculated seedlingse incubated.

Data recording: On an individual plant basis, the severity ofre@olate's leaf
blast was recorded using a progressive 1-9 scabl€T3.2) (Fig. 3.2). To
complete Koch's postulates, each isolate was tatexb from the artificially

inoculated leaves using the previously stated nustlogy.
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Fig. 3.2

. Leaf blast severity scoring in finger miet caused byPyricularia

grisea using 1-9 rating scale.

Table 3.2. Disease rating scale for leaf blast sty in finger millet
infected with Pyricularia grisea
Score Disease
1 No lesions to small brown specks of pinhead size
2 Larger brown specks covering 1-5% of the leafare
3 Small, roundish to slightly elongated, necrotiaygspots, about 1
mm in diameter with brown margins covering 6-10%hef leaf area
4 Typical blast lesions, elliptical, 1-2 cm longually confined to are
between main veins, covering 11-20% of the leah are
5 Typical leaf blast covering 21-30% of the leadar
6 Typical blast lesions covering 31-40% of the laiafa
7 Typical blast lesions covering 41-50% of the laaga
8 Typical blast lesions covering 51-75% of the leaéa and man
leaves dead
9 >75% leaf area covered with lesions or all tlevés dead
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Table 3.3. A 1-5 rating scale for recording neck last severity in finger

millet infected with Pyricularia grisea

Score Neck blast
1 No lesions to pin head size of lesions on thé megion
2 0.1-2.0 cm of lesions on the neck region
3 2.1-4.0 cm of lesions on the neck region
4 4.1-6.0 cm of lesions on the neck region
5 >6.0 cm of lesions on the neck region

3.5.6 Storage of fungal isolates

Sub culturing ofP. grisea was done on Oat Meal Agar slants and
incubated at 26 + 1°C for 14 days. The slants withgal culture were
temporarily preserved in refrigerator at 4 °C aedalated it to active state for

further studies.

36 TO STUuDY THE CULTURAL, MORPHOLOGICAL AND
MOLECULAR VARIABILITY AMONG THE ISOLATES OF
PATHOGEN

3.6.1 Cultural Variability among P. grisea Isolates

The variability in cultural properties of 20 is@atofP. grisea collected
from different places were carried out on OMA mexdliat pH 6.5 by incubating
at 28°C. The observations on colony colour, grovgattern, elevation
(flat/elevated growth), sectored or non-sectoreowjn were recorded foP.

grisea isolates at 14 days after inoculation.

3.6.2 Influence of Different Culture Media on Grovith and Sporulation of P.
grisea
In the present experiment 8 different types of imé@. Potato Dextrose
Agar (PDA), Rice Leaf extract Agar (RLA), V8 juidggar (V8), Finger millet
Leaf extract Agar (FLA), Potato Sucrose Agar (PSR¢chard's Synthetic Agar

(RA), Oat meal Sucrose Agar (OSA) and Oat Meal AgavA) were prepared
to choose the optimal medium for the pathogen'sldgment and sporulation.
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Approximately 10-15 ml molten agar (<45 was poured into sterile petriplates
(90 mm) and allowed to harden before being inoedlawith P. grisea. Then
these plates were incubated at 26£1°C. The growghsorement was recorded
when the total plates was covered in three repbicat The amount of
sporulation in the culture was measured by addthghRof water to dislodge the
spores from the culture, followed by a conidial mbusing a heamocytometer,
and the results were represented in conidia/ml.féhaula of concentrations of
spores/ml is mentioned below.

No. of spores  dilution factor

Concentration of spores = X
p No. of columns Volume

3.6.3 Effect of different light conditions on radal growth and sporulation
of P. grisea virulent isolate (VIZ-1)

In eight distinct media, the effects of three ligiunditions on fungal
development were evaluated. The light conditiorctuishe 24 hr fluorescent light,
12 hr dark/12 hr fluorescent light, and 24 hr dadsi PDA, RLA, V8, FLA,
PSA, RA, OSA and OMA were employed under each lighhdition for
sporulation studies. Radial growth and sporulati@s recorded on 14 days after
inoculation. All experiments contained three regties and were repeated twice.

3.6.4 Morphological Variability among P. grisea Isolates

Conidia morphological features were used to Iingasd the
morphological variability among the isolates. A plraf conidial suspension was
well mixed with lactophenol and placed on a gldseswhich was then covered
with a cover slip. The spores were measured untigngus CX41 microscope
with image analyzer. The average size (length aiihyvand shape of conidia
was recorded.

3.6.5 Molecular Variability among Pathogen Isolats using Molecular Tools

SSR (simple sequence repeat) and RAPD (Random Aedpli
Polymorphic DNA) markers were used to investigaaddic diversity among.
grisea isolates obtained from various localities. Basedtlwe P. grisea linkage
map described by Kayet al., (2003) a set of 25 SSR markers (Table 3.4)
distributed over seven chromosomedPofrisea and eight RAPD markers were
chosen in the study (Table 3.5).
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3.6.5.1 Genomic DNA extraction fromPyricularia grisea fungus

Seven days old pre-inoculatedgrisea culture discs approximately 5 mm
in diameter were transferred to potato dextros¢hband incubated at 26- 28°C
for 7 days for mass production of fungal myceliufine culture was filtered
through the musclin cloth to collect the fungal méhe mycelium obtained
(~250 mg) was kept for drying on the blotting pafmrhalf an hour. Then the
mycelial mat was lyophilized using liquid nitrogand later it was used for DNA
extraction using CTAB Method (Murray and Thompsbd®80). A working DNA
solution of 10 — 20 ng/ul concentration was made diduting DNA stock

solution.
3.6.5.2 Steps involved in DNA extraction froni. grisea

1. The driedP. grisea fungal mat was taken in a sterile porcelain maoatzat
liquid nitrogen was added, the mat was then grouma fine powder
using a sterile porcelain pestle. While grindirigyas ensured that fungal
mat powder does not spills out.

2. Later the lyophilized fungal mat powder was cokefttinto a sterile
microcentrifuge tube (2 ml capacity) and 800 ulraction buffer
(Appendix I) (50 mM Tris HCI pH 8.0; 25 mM EDTA, 80nM NaCl and
1% SDS) was added which was then incubated in arvieith maintaineat
65 °C for 30 min.

3. After inoculation, approximately equal volume of ddbl:Chloroform:
Isoamylalcohol (25:24:1) mixture (250 pl) was added each
microcentrifuge tube. It was ensured that the pHbladnol used was 8.0.
The contents were mixed well by inversion for abo@0 min and
centrifuged at 10,000 rpm for about 10 min at roontemperature.

4. The supernatant was aliquoted from the micro deggei tube into sterile
2.0 ml micro centrifuge tubes. Precaution was takéite aliquoting not
to disturb the intermediate layer which considténeoluble proteins. The
phenol: chloroform: isoamylalcohol purificationept was repeated to
ensure pure extraction.
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5. To the supernatant 10 pl of RNase (10 mg/ml) wakeddand incubated
for 30 min at room temperature. One more treatmeith an equal
volume of chloroform was given and centrifuged18000 rpm for 10

min at room temperature.

6. To the supernatant, 1/10th volume of 3M sodium aeef{pH 5.8) and
equal volume of ice chilled Isopropyl alcohol wakled and incubated at
-20°C for 1 h. The contents were mixed gently aedtafuged at 10,000

rpm for 10 min at room temperature.

7. The supernatant was discarded and 70% ethanol deesido the pellet.
The tube was tapped gently so that the pellet bes@suspended in 70%
ethanol. Centrifugation was done at 10,000 rpm X0rmin at room
temperature. After which the supernatant was dchiand the pellet was

washed with 70% ethanol once again as describedeabo

8. The pellet was left for air-drying over night abro temperature with the
tube cap open. After complete drying of pellet, efgging on the size of
the pellet, about 50- 100 pl of sterile 1X TE buff®@0 mM Tris-HCI, pH
8.0 and 1 mM EDTA) was added to the tube for dissg the pellet. The
DNA solution was then stored at 4°C till furtheaysis.

3.6.5.3 Analysis of quality and quantity of DNA istated

The quantity of isolated DNA was checked througandbDrop 1000
(Thermo Fisher Scientific) spectrophotometer andliguof isolated DNA was

tested with Ethidium bromide stained agarose ggitedphoresis.

A 0.8 % agarose gel was prepared as follows fontjuzation of DNA

samples.
1. 0.3 grams of agarose was weighed and added irk0 an2conical flask.

2. 30 ml of 1X TBE was added to the 250 ml beaker boided gently in
microwave oven till the agarose was melted (whsn golution was

crystal clear with no floating particulate matter).

34



3. Meanwhile, a gel-casting tray (CBS Scientific, USMAJas washed
thoroughly first with tap water and then with distl water followed by
rinsing with methanol.

4. The gel-casting tray was then placed in a sealiagh@anism given by the
supplier (xCBS Scientific, USA) and a comb (conitagn8 lanes) was
arranged in its slot on the gel-casting tray.

5. After agarose has cooled down substantially (toutldd °C), 2 ul of
ethidium bromide solution (10 mg/ml of distilled g was added and
mixed gently. Gloves were used while handling etimdbromide.

6. The melted agarose was poured in the gel castaygcarefully avoiding
air bubbles and allowed to solidify (20-30 min).

7. After solidification, the gel was removed from @asting tray and put into
a gel tank which was filled with 1X TBE buffer tithe buffer reaches 0.5
cms above the gel surface (100 ml).

3.6.5.4 Genetic diversity oP. grisea isolates using SSR markers

A set of Simple Sequence Repeat (SSR) markeBabu et al. (2013)
were used for studying the genetic diversityPRofgrisea isolates (Table 3.4.).
Genomic DNA of all the isolates were diluted to 139 and used as template for
amplification of SSR. Polymerase Chain ReactionRP®@as performed in a final
volume of 20 pl consisting of 0.25 mM of each dNTPunit of Tag DNA
polymerase, 15-20 ng of DNA template, 0.3 mM of ner (Bioserve
Biotechnologies India Pvt Ltd), 10X PCR buffer (tining 1.5 mM Mgal ) and
sterile distilled water. The reaction mixture wastexed and briefly centrifuged.
The reactions were carried in a Thermal Cycler érakBio Inc.). Thermal profile
was 94°C for 5 min, followed by 35 cycles of 94 80 sec, 45-50°C for 45 sec,
72°C for 1 min with final extension of 72°C for 1in. The PCR products were
electrophoresed at 3% agarose gel in 1X TBE biibie5SR primers.

The amplified fragments of each isolate were etas 1, 2, 3 and 4...
etc. Comigrating bands were considered homologbasacters. Faint bands and
bands showing variable levels of intensity were oomsidered for scoring and
dendrogram was generated using Neighbor Joining (hNhod in DARwin 6
software.
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Table 3.4.

List of SSR Primers and their sequencassed in the study of

molecular characterization of P. grisea isolates (Babu et al.

2013)
S, Primer Forward sequence(F) (5'-3") Reverse sequence(R)®)
No. Name
1. MGM-1 TTTCGTACAATCCCGATG GCGACAATGTCTTTTTTTTT
2. MGM-21 | GCAGGTGAGCAAACAGCAAGA | ATATCTCGTGCAGGCCGGT
3. MGM454 GCAAATAACATAGGAAAACG AGAAAGAGACAAAACACTGG
4. MGM200 | AAGCGTAAATGGCTCAATGC GCTGATGTTGTTGCTGCTGT
5. MGM436 | GACCTTTATCGGATGCGTGT CACACAGTGGCCATCTAACG
6. MGM437 | GCCCCTCAATAGATCGTCAA ACTGCGGCATTTTAACCTGT
7. MGM451 | TTCTCAGTAGGCTTGGAATTGA | CTTGATTGGTGGTGGTGG
8. Pyrms 7 GCAAATAACATAGGAAAACG AGAAAGAGACAAAACACTGG
9. Pyrms 15 | TTCTTCCATTTCTCTCGTCTTC CGATTGTGGGGTATGATAG
10. | Pyrms 37 | ACCCTACCCCCACTCATTTC AGGATCAGCCAATGCBST
11. | Pyrms 41 | AACGTGACAATGTGAGCAGC GCCATGTTCTAAGGTAGAG
12. | Pyrms 45 | CCACTTTATAGCCCACCCAGT CTCTTTTCTCGCAGGASTG
13. Pyrms 47 TCACATTTGCTTGCTGGAGT AGACAGGGTTGACGGEAA
14. | Pyrms 59 | TTCTCAGTAGGCTTGGAATTGA| CTTGATTGGTGGTAGTTG
15. | Pyrms 61 | GAGGCAACTTGGCATCTACC TGGATTACAGAGGCGTG
16. | Pyrms 63 | TTGGGATCTTCGGTAAGACG GCCGACAAGACACTGABSA
17. | Pyrms 67 | AGCAAGCAGGAGATGCAGAC GTTTGGCTGGCAAGATHNT
18. | Pyrms 77 | GAAGTATTGCACACAAACAC GCTTTCGGCAAGCCTAFC
19. | Pyrms 81 | CCTTGTTTTCCCCCTGTGTA TAGCCAAATGCCCATTAC
20. | Pyrms 87 | AGACTTGTTACTCGGGTCTTGA| CCAGATGTCACTCCCTGTA
21. | Pyrms 93 | CCTCGACTCCTTCACCAAAA CGGAGAGCTCAGGAA®G
22. | Pyrms 99 | CACCACTTTATGGCGCAGT $$ CTAGGTAGGTATACATGTTG
23. | Pyrms 107| GCAGCAAGCAGCAATATCAG GTGGATATCGAAGGQRAGG
24. | Pyrms 109 TACAGTGGGAGGGCAAAGAG CCAGATCGAGAAGG®&IAT
25. | Pyrms 125| CTCTCCGGCCAAGATTGA GGTTGTTGGGAGAAAGASS
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3.6.5.5 Genetic diversity oP. grisea isolates using RAPD markers

A total of 8 RAPD primers were used for this studyable 3.5). All
primers were custom synthesized by Bioserve (Bues8iotechnologies India Pvt
Ltd). PCR amplification was performed in a Thern@jicler (Takara Bio Inc.).
The reactions were performed in a 20 pL volume aaitg 50 ng of genomic
DNA (1 pul), 0.5 U Taq DNA polymerase (0.1 pl), Gr8M of dNTPs (2 ul), 20
pmoL primer (2 ul), 10X reaction buffer (2 pl) amdmaining volume was
adjusted with sterile Milli-Q water. The PCR amjgl#ition was performed with the
following thermal cycling conditions: initial denaftion for 5 min at 94°C,
followed by 35 cycles of denaturation at 94°C forsgéc, annealing at 32°C for 45
sec, extension at 72°C for 1 min and final extemsai 72°C for 10 min.
Amplicons were analyzed by electrophoresis in 2%agaait agarose gels in TBE
buffer and visualized by staining with ethidium fmide and recorded with Gene
Genius gel documentation system (Alpha InnotechA)JShe sizes of the PCR
products were determined by comparison with stah8@rbp (Invitrogen by Thero
Fisher ) or 1 kb DNA ladder (GeneRuler) The ametiffragments of each isolate
were scored as 1 (present) or O (absent). Commgydiends were considered
homologous characters. Faint bands and bands spoaitable levels of intensity
were not considered for scoring. Cluster analysas done with Neighbor Joining
(NJ) method in DARwin 6 software using the Un-weegh Pair Group Method
with an Arithmetic average (UPGMA) algorithm.
Table 3.5. List of RAPD markers used and their seqgnces

S. No. Marker Sequence
1. OPA-04 AATC GG GC TG
2. OPA-07 GAAACG GG TG
3. OPA-10 GT GATC GC AG
4. OPA-18 AG GT GACCGT
5. OPA-13 CAGCACCCAC
6. OPB-17 AG GG AA CG AG
7. OPC-05 GATCAGCGCC
8. OPC-11 AA AG CT GC GG
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3.7 EVALUATION OF NATIVE BACTERIAL BIO-CONTROL
AGENTS AND FUNGICIDES AGAINST THE PATHOGEN IN
VITRO

3.7.1 Isolation of Native Bacterial Bio-control Agnts from Rhizosphere
Soil

Isolation of native bacterial bio-control agentsswdone from healthy
finger millet plant rhizosphere soil which was ealled from different finger
millet growing areas of Andhra Pradesh. Serialtailu plating technique was
used to isolate the bacteria (Elad and Chet, 1983%0il suspension was
prepared from rhizosphere sample by shaking 1 godfsample in 10 ml of
sterile distilled water and serial dilutions werada. From the I®and 1 soil
dilution 1 ml was transferred into sterile Petrsldiunder aseptic condition to
which 15 ml of sterile Nutrient Agar medium was pedi separately, gently
rotated for uniform mixing of the soil dilution vitthe medium and incubated at
room temperature (28 £@) for 48 hours. These colonies were marked ane sub
cultured. The pure cultures of these isolates wdrined by single colony
method. In naming criteria of bacterial bio-contagents, the first letter indicates
bacterial bio-control agent, next two letters iradés respective villages and the
numbers indicates, number of bacterial bio-congolates collected during the

survey ((Ex: BLN-1= Bio-control agent Lingayapallg-

3.7.2 Evaluation of Native Bacterial Bio-control Agnts against Pathogen
Evaluation of native bacterial bio-control agentaswdone for selected
virulent pathogen isolate by using dual culturdntegue as developed by Morton
and Stroube (1955). Autoclaved PDA was poured aslytinto sterilized Petri
dishes and allowed to solidify. Mycelial discs ofbn diameter from the edge of
actively growing culture ofP. grisea and bacterial bio-control agents were
streaked at periphery about 1 cm from the edgehef Retri dishes (9 cm
diameter) on opposite sides. Three replicationseweraintained for each
interaction. The Petri dishes containing Potatotfaee Agar inoculated witR.
grisea (mono culture) alone served as control. All theriRBshes were incubated

at (25 + 1°C) for fifteen days. At the end of intation, the colony diameter of
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the P. grisea was measured and the per cent inhibitionPofgrisea was

calculated by adopting the following formula givieyn Vincent (1927).
Percent inhibition over control was calculated bgplging the following
formula:-

Percent Growth Inhibition —CC_:T x100

C= Radial growth oP. grisea in monoculture
T= Radial growth oP. grisea in dual culture
3.7.3 Evaluation of Commercially available Fungides against Pathogen

The experiment was conducted at Department of FRatitology, S. V.
Agricultural College, Tirupati. The selected vimiepathogen isolate was
cultured on PDA medium and incubated at 26x1 °GieNsystemic fungicides
viz., Azoxystrobin 23% SC, Kresoxy methyl 44.3% SC, Tamazole 25.9%
EC, Difenconazole 25% EC, Tricyclazole 75% WP, Tanazole 50%+
Trifloxystrobin 25% WG, Azoxystrobin 11% + Difencarole 18.3% SC,
Carbendazim 50% WP, Isoprothiolane 40% EC, werdéuatedin vitro for their
antifungal activities againsPyricularia grisea using Poison food technique
(Nene and Thapliyal, 1993). The requisite quardftgach fungicide on the basis
of active ingredient (a.i) was calculated and tlgfdy mixed with autoclaved
and cooled (40-45°C) PDA in conical flasks to abtaésired concentrations. 20
ml of PDA media was poured in sterilized Petri ptatand to be solidified.
Fungal discs of 5 mm in diameter from 7 days olttuca was placed in the
centre of the Petri dish containing PDA medium undseptic condition,
incubated at 26x1 °C. Three replicated plates wseel for each concentration of
every fungicide. Three replicated PDA plates reeeivo fungicides served as
control. Diameter of the colonies on PDA with andhaut fungicides was
measured from the bottom side of the Petri dishiés. colony diameter of the
fungus pathogens on medium was recorded and per io@rbition was

calculated by using following formula (Vincent, 192
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Percent Growth Inhibition —CC_:T x100

Where,
C= Growth of the test fungus in untreated conpitates
T= Growth of the test fungus in a treated plates

3.7.4 Studies on Compatibility of Potential NativeBio-control Agents with

effective Fungicides

The effective fungicides obtained from Poison faechnique (Nene and
Thapliyal, 1993) and effective native bacterial-bantrol agent obtained from
Dual culture technique (Morton and Stroube, 195B6jensubjected to check the
compatibility among those and was evaluated by Agell diffusion method
(Murrayet al. 1995).

Agar well diffusion method was followed to detenmithe antibacterial
activity of effective fungicides. Petri dishes werated with melted NA which
was added with 24 hours old culture of effectivetbaal bio-control agent.
Sterile cork borer was used to make a well on eddhe plates. Stock solution
of each effective fungicide was prepared at a ddsaoncentration and were
added into the wells. Allowed to diffuse at roommpeerature. Control
experiments comprising inoculum without fungicidesre set up. The plates
were incubated at 37°C for 18-24 h. The diametahe inhibition zone (mm)

was recorded.

3.8 TO SCREEN THE GENOTYPES FOR THEIR RESISTANCE
AGAINST BLAST

3.8.1 Screening of Genotypes against Blast

The screening trial for two seasons was conductgghat finger millet
blast caused byyricularia grisea during Kharif, 2020 andKharif 2021 at
Agricultural Research Station, Vizianagaram. Thpegsment was laid on a plot
in Randomized Block Design, with 74 lines includi& 708 as check (Table
3.6), replicated two times which were sown in twavs of 3 m length with a

spacing of 22.5 x 10 cm. During the crop growth gghathe recommended
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agronomic and other package of practices were img@heed. Ten plants were
randomly chosen from each genotype/replicatioretmrd the observations. Leaf
blast, neck blast and finger blast incidence wasswed on 10 randomly
selected plants. Infected plants were examinedldeion development and
disease severity was assessed on the basis af lesigth by using 1 to 9 scale.
Neck blast (1 to 5 scale) and finger blast (%) wealeulated.

Table 3.6. Finger millet lines evaluated for leafneck and finger blast

resistance
S. No. Eﬂgy S. No Eﬂgy S. No. Eﬂgy S. No. Eﬂgy S. No. Eﬂgy
1. | GE1| 18 | GE.1| 35 | GE-1| 52. | GE-1| 69. | GE-69
2. | GE2 | 19. | GE2 | 36. | GE2 | 53. | GE-2 | 70. | GE-70
3. | GE3| 20. | GE3 | 37. | GE3 | 54 | GE3 | 71. | GE-T1
4, | GE4 | 21. | GE4 | 38 | GE4 | 55 | GE-4 | 72. | GE-72
5. | GE5| 22. | GE5| 39. | GE5 | 56. | GE5 | 73. | GE-73
6. | GE6| 23 | GE6 | 40. | GE6 | 57. | GE-6 | 74. | GE-74
7. | GE7 | 24. | GE7 | 41. | GE:7 | 58 | GE-7
8. | GE8 | 25 | GE8 | 42. | GE8 | 59. | GE-8
9. | GE-9 | 26. | GE-9 | 43. | GE9 | 60. | GE-9
10. | GE-10| 27. | GE-10| 44. | GE-10| 61. | GE-10
11. | GE-11| 28. | GE-11| 45. | GE-11| 62. | GE-11
12. | GE-12| 29. | GE-12| 46. | GE-12| 63. | GE-12
13. | GE-13| 30. | GE-13| 47. | GE-13| 64. | GE-13
14. | GE-14| 31. | GE-14| 48. | GE-14| 65. | GE-14
15. | GE-15| 32. | GE-15| 49. | GE-15| 66. | GE-15
16. | GE-16| 33. | GE-16| 50. | GE-16| 67. | GE-16
17. | GE-17| 34. | GE-17| 51. | GE-17| 68. | GE-17
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3.9 TO STUDY THE INFLUENCE OF WEATHER FACTORS AND
DISEASE DEVELOPMENT
3.9.1 Correlation and Regression Analysis of Disea Severity and Weather

Factors

To study the influence of weather factors the epidéogical work was
carried out under field conditions duriri$harif 2020 andKharif 2021. The
selected susceptible variety VR 708 was sown utittee different dates (July
1stand 29 fortnights and Augustsifortnight) of sowing. Weather data for each
growing season was collected from the meteriologigservatory, located at

Agricultural Research Station, Vizianagaram.

The data was recorded at weekly intervals on PDudigg 1-9 scale. The
correlation and multiple regression analysis weomed as per the standard
methods to work out relationship between weathetofa viz., maximum and
minimum temperature, maximum and minimum relativentdity, rain fall (mm)
and rainy days. The weather factors consideredctorelation studies are

mentioned below.

X1  Maximum temperaturéQ)

X2 Minimum temperatur€’C)

X3 Maximum relative humidity (%)
Xa ' Minimum relative humidity (%)
Xs : Rainfall (mm)

Xe : Rainydays

The correlation coefficient was calculated by

- ZHE)

n

[z ][5y -&

Correlation coefficient (r) =

n n
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Multiple regression equation is
Y = a+PiXat+ BoXo +........ +HBXp + €
wherea = intercept
andp,B2... Bk are the partial regression coefficient and e =etier term

3.10 INTEGRATED DISEASE MANAGEMENT FOR BLAST

The field experiment was conducted duringharif 2021-22 in
Randomized Block Design (RBD) with nine treatmeatsd each treatment
replicated thrice using susceptible finger milleariety VR-708 at S. V.
Agricultural College, Tirupati and Agricultural Resrch Station, Vizianagaram.
The treatments included seed treatment and folgpliGation of effective
fungicide and bacterial bio-control agent. Thetirents were tested alone and in
different combinations with an untreated contrdieTdata were recorded as Per
cent Disease Index (PDI) and grain yield. Twente fday old seedlings were
transplanted in main field at a spacing of 22.9xcin in 4 x 3m size plot. The
fertilizer dose of 60 kg N, 30 kg28s, and 30 kg KO was followed. The
treatments were applied at sowing time and at gl stage of symptom
development as mentioned in the table. Treatmetatilsavere given in Table
3.7.

Table 3.7. Details of treatments used in integratedisease management of

finger millet blast

Treatment Treatments
No.
T Seed treatment with Tebuconazole 50% + Trifloxystra25%
! WG at 0.4 g kg seed
T2 Seed treatment witRseudomonas fluorescence @ 10 g kg' seed
T One spray with Tebuconazole 50% + TrifloxystroBbf6 WG
3 at0.4 gt (at 50% flowering)
T One spray withPseudomonas fluorescence @ 10 g ! (at 50%
4 flowering)
Two sprays with Tebuconazole 50% + TrifloxystroBtoe WG
Ts 0.4 g It (first spray at initiation of symptoms and secapday
at flowering stage)
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Te

Two sprays withPseudomonas fluorescence @ 10 g 1 (first
spray at initiation of symptoms and second spraficatering
stage)

T7

Seed treatment with Tebuconazole 50% + Trifloxystra25%
WG 0.4 g kg* seed + one spray with Tebuconazole 50%
Trifloxystrobin 25% WG 0.4 g (at 50% flowering)

Ts

Seed treatment witfPseudomonas fluorescence @ 10 g kg
seed + One spray wifPseudomonas fluorescence @ 10 gt (at
50% flowering)

To

Control

3.11 STATISTICAL ANALYSIS

In the present investigation, all the laboratorgesxments were conducted

in complete randomized design and field experimevdse conducted in RBD

design. The data obtained from all the experimesi® statistically analyzed by

following the standard methods (Gomez and GomezZ619An analysis of

variance (ANOVA) was performed to determine stat#tsignificance of the
factors and their interactions using OPSTAT (CCSHAkar), WASP (Web
Based Agricultural Statistical Software PackageARSGOA) and SPSS 16.0
(Statistical Package for the Social Sciences)stiedi package.
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Chapter-1Vv
RESULTS AND DISCUSSION

Results obtained on the *“Variability studies @&yricularia grisea
[(Cooke) Sacc.] incitant of blast disease in fingellet and its management” are

presented and discussed in this chapter.

41 TO CONDUCT SURVEY FOR OCCURRENCE AND DISTRIBUTION
OF BLAST DISEASE, COLLECTION OF ISOLATES AND
NATIVE BACTERIAL BIO-CONTROL AGENTS IN MAJOR
FINGER MILLET GROWING AREAS OF ANDHRA PRADESH

4.1.1 Survey for the Incidence of Finger Millet Bast in Major Finger Millet

Growing Areas of Andhra Pradesh

Based on the occurrence of disease symptoms (Plate3), finger millet
blast Per cent disease incidence (PDI) was recardémtee farmer fields of each
village, as three villages/ mandal and two mandalgach districtviz, YSR
Kadapa, Chittoor, Anantapur, Kurnool, Prakasam, tGumand Vizianagaram
districts of Andhra Pradesh duringharif 2020 andKharif 2021(Table 4.1)
(Plate 4 and Plate 5).

Among the seven districts surveyed, the pooled datecated that the
highest mean Per cent disease incidence (PDI) dd6%6 was recorded in
Vizianagaram district followed by Chittoor, YSR Kagmh and Kurnool, with
mean Per cent disease incidence of 42.77%, 22.6@2@.07% respectively.
The lowest mean Per cent disease incidence of we5recorded in Prakasam
district followed by Anantapur (19.63) and Gunt@®85) districts (Table 4.2)
(Fig. 4.1).

The highest mean Per cent blast incidence of 56.92% recorded in
Salur mandal of Vizianagaram district in the ramges3.86 to 59.20% during
2020 and 52.35 to 59.65% during 2021 followed byrpam mandal of
Vizianagaram district with 55.53% incidence in tlamge of 54.63% to 57.56%
during 2020 and 51.59% to 56.87% during 2021, Paferu mandal with
53.92% in the range of 49.25 to 57.52% and 50.3Bt65% during 2020 and
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Plate 1. Leaf blast symptoms - A) Small specks to spindle shaped lesions
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Plate 3. Finger blast symptoms
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2021 respectively. Kuppam mandal with 31.62% ramig29.45 to 33.78% and
30.32 to 32.86% during 2020 and 2021 respectivéPattikonda mandal with
27.27% range of 24.32 to 33.23% and 23.65-32.56%ngl2020 and 2021
respectively. Veldurthi mandal with 24.30% rangel@af28 to 48.21% and 11.56
to 46.98% during 2020 and 2021 respectively. Gudibamandal with 23.87%
range of 17.78 to 28.96% and 18.35 to 29.34% du0@0 and 2021
respectively. Vallur mandal with 23.26% range d31to 49.23% and 9.23 to
48.65% during 2020 and 2021 respectively and Kapuadan mandal with
21.93% range of 15.03 to 30.13% and 16.35 to 26.7%%020 and 2021
respectively of YSR Kadapa district. The lowestdetace with 7.36% range of
5.02 to 9.01% and 4.65 to 9.78% was noticed in Bd@mandal of Prakasam
district during 2020 and 2021 respectively. Thisswallowed by Komarolu
mandal with 8.34% range of 5.85 to 9.21% and 60820.35% during 2020 and
2021respectively of Prakasam district. Peapallydahwith 12.86% the range of
9.09 to 15.54% and 8.35 to 15.65% during 2020 af@12respectively.
Madakasira mandal with 15.38% range of 11.01 t44%. and 10.35 to 19.35%
during 2020 and 2021 respectively and Macherla mlawith 15.40% range of
11.13 to 17.24% and 12.35 to 18.96% range durirR) Zhd 2021 respectively
of Guntur district (Table 4.3) (Fig. 4.2). The masresults were in agreement
with the findings of Rao (1990) who surveyed inhgigpcations of Bangalore,
Kolar and Tumkur districts of Karnataka, and repdrthat an increase of 1%
infection in neck and finger resulted in a corraspog increase of 0.32 and
0.084% vyield loss and 6.75 to 87.54% loss in gyatd. Similarly, Kumaret al.
(2005) reported the maximum neck (13-16%) and fing&ast (42-55%)
incidence in surveyed locations of Tumkur disto€tKarnataka. The same way
Senthil et al. (2012) also reported that the finger millet blasis the most
devastating disease affecting different aerial oaftthe plant at all stages in
Tamil Nadu (India). Prajapati (2013) surveyed iffedent locations of Gujarat
and reported the loss of 35.78 grain yield and 2p&r cent fodder yield due to

the blast disease.
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Table 4.2. Finger millet blast disease incidencén major finger millet

growing districts of Andhra Pradesh

Range of Per cent Disease IncidenceMean Per cent
S. District _ _ Disease
No. Kharif Kharif Incidence
2020 2021 (poo|ed)
1. | YSR Kadapa 8.05-49.23 9.23-48.65 22.60
2. | Chittoor 29.45-57.52 30.32-58.65 42.77
3. | Anantapur 11.01-28.96 10.35-29.34 19.63
4. | Kurnool 9.09-33.23 8.35-35.56 20.07
5. | Prakasam 5.02-9.21 4.65-10.35 7.85
6. | Guntur 11.13-48.21 11.56-46.98 19.85
7. | Vizianagaram 53.86-59.20 51.59-59.65 56.06

Table 4.3. Finger millet blast incidence in major ihger millet growing

mandals of Andhra Pradesh

Range of Per cent Disease Incidengce Mean Per
S. . } . cent disease
No. Districts Mandals Kharif Kharif incidence
Vallur 8.05-49.23 9.23-48.65 23.26
1. | YSR Kadapa
Kamalapuran  15.03-30.13 16.35-26.75 21.93
Palamaneru 49.25-57.52 50.35-58.65 53.92
2. | Chittoor
Kuppam 29.45-33.78 30.32-32.86 31.62
Madakasira 11.01-18.14 10.35-19.35 15.38
3. | Anantapur -
Gudibanda 17.78-28.96 18.35-29.34 23.87
Peapally 9.09-15.54 8.35-15.65 12.86
4. | Kurnool -
Pattikonda 24.32-33.23 23.65-32.56 27.27
Racherla 5.02-9.01 4.65-9.78 7.36
5. | Prakasam
Komarolu 5.85-9.21 6.82-10.35 8.34
Veldurthi 12.28-48.21 11.56-46.98 24.30
6. | Guntur
Macherla 11.13-17.24 12.35-18.96 15.40
o Kurupam 54.63-57.56 51.59-56.87 55.53
7. | Vizianagaram
Salur 53.86-59.20 52.35-59.65 56.59
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4.1.2 Collection and Isolation ofP. grisea Isolates from Blast Diseased

Samples

Survey duringKharif 2020-21, infected blast samples were collectenhfro
major finger millet growing areas of Andhra Pradbgttonducting survey during
Kharif 2021.The pathogen was identified & grisea and about twenty
monoconidial isolates oP. grisea (Table 4.4) were maintained based on the

microscopic observations of conidia (Plate 6 aradePY).

Table 4.4. List of P. grisea isolates collected from major finger millet

growing areas of Andhra Pradesh

S. No. Districts Mandals Villages Isolates
Lingayapalle LNG-1
Vallur
1. YSR Kadapa Vallur VAL-1
Kamalapuram Kamalapuram KML-1
Moram MOR-1
Palamaneru
_ Palamaneru PAL-1
2. Chittoor
Gonugur GON-1
Kuppam
Jarugu JRG-1
_ Govindapuram GVN-1
Madakasira :
Jadrahalli JDR-1
3. Anantapur
_ Morubagal MRB-1
Gudibanda _
Gudianda GDB-1
o o Vizianagaram VIZ-1
4. Vizianagaram| Vizianagaram|
Vizianagaram VIZ-2
Peapally Peapally PEA-1
5. Kurnool _
Pattikonda Chakkaralla CHK-1
Jutur JTR-1
Racherla :
6. Prakasam Anumalapalli ANP-1
Komarolu Taticherla TTC-1
Veldurthi Veldurthi VED-1
7. Guntur
Macherla Koppunur KPN-1

52




FRONT VIEW

Plate 7. Pure culture of P. grisea isolated from (A) Neck blast (B) Finger blast samples
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4.1.3 Pathogenicity Test

The susceptible variety VR 708 was used as aeptibte check to
establish the Koch’'s postulates. There was an appea of typical spindle
shaped blast lesions with brown margin on the Isavas reported upon artificial
inoculation. Four to six days were required for pymms expression when
relative humidity was maintained. Out of twentylégdes VIZ-1 showed maximum
disease severity and remaining nineteen isolatesvesth comparatively less
disease severity. So the isolate VIZ-1 was conedlias virulent isolate in further
study. No symptoms were observed on non-inoculagtadts. Same pathogen
was isolated from the infected plants which prowkd establishing Koch's

postulates.

42 TO STuDY THE CULTURAL, MORPHOLOGICAL AND
MOLECULAR VARIABILITY AMONG THE ISOLATES OF
PATHOGEN

4.2.1 Cultural Variability among P. grisea Isolates

Variation in colony characteristicgiz., colony colour, growth pattern,
elevation (flat/elevated growth), sectored or neatsred, zonations and wrinkles
(Plate 8) among the isolates Bf grisea are presented in Table 4.4. Cultural
characteristics varied greatly with isolates ane thedium used. A range of
colour variation was observed among the pathogelates. Observations were
recorded for the colony characters based on thebuktes produced in the
medium (Table 4.5) (Fig. 4.3).

The sporulating ability of the field isolates weraried. The degree of
sporulation was compared with the growth patterhdhe pathogen. It was
observed that the isolates which were that wergigiteggreen and sector forming
produced more spores. The under surface of thenieslavere usually brown or
black. Colony texture or surface of all the isotateere rough to smooth with
trace to abundant sporulation. In majority of theolates, the maximum

sporulation was confined to sectored region.
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Colony colour

Change in colony colour was recorded fourteen @digs inoculation. In
the present study, colony colour among 20 isolatsed as blackish grey,
greyish green and brown. Out of 20 isolates, laiss (LNG-1, VAL-1, KML-1,
MOR-1, GON-1, TTC-1 and KPN-1) appeared as blaclgsby, 12 isolates
(PAL-1, JRG-1, GVN-1, JDR-1, MRB-1, GDB-1, VIZ-1,X-2, PEA-1, JTR-1,
ANP-1, VED-1) appeared as greyish green and orates¢CHK-1) as brown
colour (Table 4.5)

Growth pattern

Growth pattern of twenty isolates were observeceraft4 days of
inoculation. All the 20 isolates showed circulaowth pattern but elevation of
the mycelium differs from flat to raised at the teeed part. Out of 20 isolates,
17 isolates (LNG-1, VAL-1, KML-1, PAL-1, GON-1, JRG MRB-1, GDB-1,
ViZ-1, VIZ-2, PEA-1, CHK-1, JTR-1, ANP-1, TTC-1, ME1 and KPN-1)
showed flat and two isolates (MOR-1 and GVN-1) weised at the sectored
portion and one isolate JDR-1 raised at the cep#l(Table 4.5) (Plate 9).

Sectoring, zonation and wrinkles formation

Sector formation was observed in 16 isolates (VAIMOR-1, PAL-1,
GON-1, JRG-1, MRB-1, GDB-1, VIZ-1, VIZ-2, PEA-1, GH1, JTR-1, ANP-1,
TTC-1, VED-1 and KPN-1) and four isolates (LNG-1MK-1, GVN-1, and
JDR-1) didn’t formed any sectors. Zonation was seefd8 isolates (LNG-1,
VAL-1, KML-1, MOR-1, PAL-1, GON-1, JRG-1, GVN-1, ®1, MRB-1,
GDB-1, VIz-1, VIZ-2, CHK-1, JTR-1, ANP-1, VED-1 andPN-1) and two
isolates (PEA-1 and TTC-1) not produced zonatioonéof the isolates formed
wrinkles (Table 4.5).

Radial growth

The observation on radial growth Bf grisea isolates up to 14 days of
inoculation revealed that maximum radial growt6fmm was observed in 14
isolates (VAL-1, KML-1, MOR-1, PAL-1, JRG-1, MRB-GDB-1, VIZ-1, VIZ-
2, CHK-1, JTR-1, ANP-1, TTC-1 and KPN-1) which westtistically on par
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Circular raised growth Sectors formation
PN

\

Growth in zonations Circular, flat growth

Plate 8. General cultural characteristics of Pyricularia grisea isolates on OMA at
14 days after inoculation
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with each other. However, medium radial growth waserved in LNG-1 (88
mm), PEA-1 (87 mm), VED-1 (87 mm) and GON-1 (84 mMjhereas, least
growth of 76 and 78 mm was observed in GVN-1 anR-1Drespectively. The
growth rate among the isolates was in the randge#f mm/day (GVN-1) to 6.43
mm/day (VAL-1) (Table 4.5). Diversity in culturaharacters such as colony
colour, elevation and growth pattern was noticedmgrthe isolates. The growth
pattern of the pathogen was directly linked togperulation. The isolates which
were greyish green and sector forming produced rspoees. The under surface
of the colonies was usually brown or black. The masn sporulation was seen
at sectored region. Connection between sporulaahaerial growth was also
noticed as defined by Ramakrishnan (1948). BabdlRdescribed the isolates
which showed vegetative growth as greyish greeaurgbroduced more spores
and those with poor vegetative growth were poorespooducers. The diversity
in colour and pattern of growth among isolates neagiie to varied growth
stages of the spore as reported by Tracyira., (2021). Bhaskar (2018) found
that isolates ofP. grisea varied in the pigmentation and with formation of
sectors, zonation and wrinkle. Aravietdal. (2020) found significant differences
among the isolates @?. grisea which formed of sector, zonation and wrinkles

and reported poor to excellent sporulation on solatlia.

4.2.1.2 Influence of different culture media on gravth and sporulation of

P. grisea

Total of eight solid mediaiz., Potato Dextrose Agar (PDA), Rice Leaf
extract Agar (RLA), V8 juice Agar (V8), Finger nell Leaf extract Agar (FLA),
Potato Sucrose Agar (PSA), Rechard's synthetic Ag#&), Oat meal Sucrose
Agar (OSA) and Oat Meal Agar (OMA) were used toleate the growth and

sporulation ofP. grisea virulent isolate VIZ-1.
Colony colour

Greyish white colony growth was observed in PDA, &8 PSA and
OSA. P. grisea in RLA was found to be blackish brown colour. Bdamloured

colony was observed in finger millet FLA. White agietyish green colony
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growth was observed in RA and OMA respectivelyratié days of inoculation
(Table 4.6).

Radial growth and sporulation

The radial growth of virulent isolate VIZ-1 was oeded after 14 days of
inoculation. Out of eight solid media used, the mmm growth with a colony
diameter of 90.00 mm was observed in OMA, followsdFLA (87.67 mm).
PDA, V8, RA and RLA were recorded 78.00, 75.00,333and 70.00 mm of
growth respectively. While, PSA and OSA showed tlegmewth with a colony
diameter of 29.33 and 38.33 mm respectively (T4ld¢ (Plate 10) (Fig. 4.4).

The maximum sporulation was observed in case of k&dium with
1.81 x 16 ml followed by OMA with 1.68 x 10 ml were found to be
significantly different. RLA, OSA, PSA, and RA werecorded significant spore
concentrations of about 1.32 x°1fl, 0.86 x 1@ ml, 0.73 x 18 ml and 0.68
x1CP. Least sporulation was observed in PDA (0.35 %milp) and V8 (0.54 x10
ml) medium (Table 4.6) (Fig. 4.5).

The results showed that the radial growthPofirisea was higher in Oat
Meal Agar medium than FLA and PDA medium. The pnégesults were in
agreement with the findings of Gashasv al., (2014), who reported that
maximum mycelial growth was higher in Oat Meal Agaan PDA medium.
Similarly, Manjunatha and Krishnappa (2019) recdrdbe highest mycelial
growth of the fungus on host extract agar and OatlMAgar. The higher
preference for Oat Meal Agar might be due to abaedomicroelement
compounds which are essential for enhanced growtPyadcularia species as
described by Meena (2005). This possibly indicdated the pathogen prefers
specific nutritional components, which might bekéd to specificity for host.
Khadka et al., (2012) was also reported the higher mycelial ghovaind
sporulation in OMA. Many of the studies indicatduhtt increased growth of
pathogen and sporulation was found on their hasaets (Yorionoriet al., 1974;
Bhattacharyya and Bose, 1981).
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Plate 10. Radial growth of P. grisea (VIZ-1) isolate on different culture
media at 14 days after inoculation

PDA : Potato Dextrose Agar

RLA : Rice Leaf extract Agar

V8 : V8 Agar

FLA : Fingermillet leaf extract Agar
PSA : Potato Sucrose Agar

RA : Rechard's Agar

OSA : Oat meal Sucrose Agar

OMA : Oat Meal Agar (OMA)
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4.2.1.3 Effect of different light conditions on ralial growth and sporulation

of P. grisea virulent isolate (VIZ-1)

Total of eight solid medisiz.,, PDA, RLA, V8, FLA, PSA, RA, OSA and
OMA were evaluated in combination with three differkgitt conditionsi.e. 24
hrs fluorescent light, 12 hr dark/12 hr fluoresdegtit and 24 hr darkness. Radial
growth and sporulation was recorded after 14 ddysmaculation. OMA was
recorded maximum mean radial growth of 87.89 mmhwisignificant
difference under three light conditions light (87.67 mm), dark (88.67 mm) and
light + dark (87.33 mm) which was followed by FLA7.67 mm) with
insignificant difference among three light condia.e. light (87.67 mm), dark
(89.00) and dark + light (86.33 mm). RA and PDA wshd radial growth of
82.68 and 81.45 mm with insignificant differenceceng three light conditions.
However, radial growth in RLA, V8 and OSA was 75.43.67 and 58.56 mm
with no significant difference among three lightddions. While, radial growth
in PSA was 52.44 mm with insignificant differenceder three light conditions
i.e. light (53.33 mm), dark (52.67 mm) and light + dgi&L.33 mm) were
recorded. In over all, with respect to the lightndiions, no significant
difference was found among the three light condgice. light (75.71 mm), dark
(75.0 mm) and dark + light (74.11 mm). with respecthe media OMA (87.89
mm) and FLA (87.67) have shown significant diffezerwith RA (82.68 mm),
PDA (81.45 mm), RLA (75.40 mm), V8 (73.67 mm), O§8.56 mm) and PSA
(52.44 mm) (Table 4.7) (Plate 11).

The mean maximum sporulation (1.68 *° bfil"!) was recorded in FLA
with no significant difference among three lighinddions (1.93 x 10ml1-24
hrs light; 1.73 x 10ml* dark and 1.39 x #Onl"* 12 hrs light + 12 hrs dark). This
was followed by OMA (1.68 x POml?) and RLA (1.18 x 10mlt). OSA, PSA,
RA showed sporulation of 0.72 x %@l 0.68 x 16 ml! and RA x 18 ml?
respectively with no significant difference amotgee light conditions. While
least mean sporulation was noticed in PDA and M8 @i34 x 10ml* and 0.40
x 10 mltrespectively (Table 4.7). The higher sporulatiofPofrisea in FLA is
mainly because FLA was derived from host origin goathogen gained

abandoned nutrients required for its growth andridpbon from the media.
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4.2.3 Morphological Variability among P. grisea Isolates

Morphology of different isolates used in this studss varied with
conidial morphology. Mature conidia & grisea appeared to be pyriform, the
conidia had 2 septa with 3- cell (Plate 12). Thimweoof the conidia was almost
hyaline to pale olive, but the size of the conislewwed variability. Middle cell
appeared more wider and darker than basal andl aeitéPlate 13 to 15) with a
basal appendage at the point of attachment to dh&liophore. End cells and

middle cells gave germtubes upon germination.

Among the isolates the mean length of basal cefl vamged from 5.53
um (MOR-1) to 7.56im (MRB-1) with a width of 4.5um (LNG-1) to 7.66um
(MRB-1). Middle cell of the conidia was ranged freh85um (JDR-1) to 8.94
um (VAL-1) in length and had the width of 5.581 (GDB-1) to 7.48um (JTR-
1). Apical cell length was in the range of 5 (KML-1) to 7.22um (MOR-1)
and width a width of 4.98gm (LNG-1 and PAL-1) to 6.8um PEA-1. Overall
size of the conidia was ranged from 20.74-23.061x 7.00-9.16um. The results
obtained were much similar to the earlier worketsowdocumented conidial
morphology variation in the isolates (Table 4.8)cKénzie et al., (2010)
described the size and morphology of Pyriculariarep which measured 25.5—
32 x 11.5-15um. Asfahaet al., (2015) measured six isolates and observed
conidial length from 14.5-26.pm and width ranged from 5.1-8i8n. Singhet
al., (2018) reported that size of the conidia wageanfrom 20.74-24.9m in
length and 7.53-10.28m in width.

4.2.4 Molecular Variability among Pathogen Isolate using Molecular

Tools
4.2.4.1 Genetic diversity oP. grisea isolates using SSR markers

The genetic diversity of 20 isolates Bf grisea was evaluated using 25
SSR markers, of which seven were polymorphic (1@@ymorphism). A total
of nineteen alleles were detected in twenty blaslates using seven SSR
markers. The number of alleles per locus variethftb(MGM 437, Pyrms 15,
Pyrms 37 and Pyrms 67) to 4 (Pyrms 63 and Pyrmsvitii)a mean value of
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Light + Dark

Plate 11. Radial growth of P. grisea (VIZ-1) isolate under different light
regimes at 14 days after inoculation
PDA : Potato Dextrose Agar PSA : Potato Sucrose Agar
RLA : Rice Leaf extract Agar RA : Rechard's Agar
FLA : Fingermillet leaf extract Agar OSA : Oat meal Sucrose Agar
V8 : V8 Agar OMA : Oat Meal Agar (OMA) 64 (i)
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2.71 alleles/locus (Table 4.9). The gene divensiag ranged from 0.180 (MGM
437) to 0.742 (Pyrms 63) with an average of 0.491.

The primers Pyrms 63 and Pyrms 77 were highly pohahic with PIC
(Polymorphism Information Content) value of 0.6948d 0.6116. However,
Pyrms 7 and Pyrms 37 both showed PIC value of @.5REC value of 0.3318,
0.2225 and 0.1638 were found in Pyrms 15, PyrmsaBd Pyrms 437

respectively with a mean value of 0.435 (Table.4.9)

The SSR markers data across the twenty isolatee wesed for
construction of phylogenetic tree by Neighbor Jogninethod (NJ), from genetic
distance and dissimilarity matrix as parameter giéM\Rwin 6 software. In the
phylogenetic tree, blast isolates were grouped timee major clusters. Cluster |
was further sub grouped into sub-cluster IA, whiatludes eight isolates (ANP-
1, JTR-1, CHK-1, KPN-1, VED-1, TTC-1, PEA-1 and V2 among those
majority of the isolates belongs Prakasam regian ANP-1, JTR-1 and TTC-1)
and remaining isolates belongs to different regibme sub-cluster IB contains
only one isolate.e. VIZ-1 which belongs to Vizianagaram region. Cludtevas
further sub grouped into sub-cluster IIA, which ludes six isolates (JRG-1,
GON-1, JDR-1, GDB-1, KML-1 and VAL-1) among those@G-1 and GON-1
belongs to Chittoor region, JDR-1 and GDB-1 belotg&nantapur region and
KML and VAL-1 belongs to YSR Kadapa region. Substér IIB includes only
one isolata.e. GVN-1 which belongs to Anantapur region. Howevéduster Il
was further divided into sub cluster IlIA which lodes three isolatesz., PAL-

1, LNG-1 and MOR-1 belongs to different regions.iM/hIB includes only one
isolatei.e. MRB-1 which belongs to Anantapur district. (Pla& (Fig. 4.6).

Similar observations were also reported by Gupih darshney (2000)
reported SSR markers are tandemly repeat DNA segseavccur throughout the
eukaryotic genome represent the locus specifidyigolymorphic, multi-allelic
and co-dominant marker systems. Yiagal. (2004) used 7 SSR markers to
examine the genetic diversity of 105 isolate®ofirisea collected from Chinese

farms and concluded that the similarity amahg isolates was high. They
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Plate 13. Photomicrographs : Cells of conidium and germination of P. grisea conidia
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Plate 14. Photomicrographs : Conidia of P. grisea in 10X magnification

Vidth 6.25 pm

40X

Plate 15. Photomicrographs of P. grisea conidia
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Fig. 4.6. Dendogram ofP. grisea isolates generated based on SSR markers
using DARwin 6 software
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Pyrms-37 (M : 100 bp Ladder)
Plate 16. Amplification pattern of SSR markers
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Pyrms-67 (M : 50 bp Ladder)

Pyrms-77 (M : 50 bp Ladder)

Plate 16. Amplification pattern of SSR markers
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divided the isolates into six groups by cutting thester analysis diagram at the

similarity point of 0.67.

Chadha and Gopalakrishna (2005) investigated thetgediversity ofP.
grisea and reported that genetic similarity across isslavas high, ranging from
0.67 to 0.92. They also looked at 20dgPisea isolates that were split into two
groups, each with two subgroups. El-Waletlal. (2016) analyzed. grisea by
using SSR markers and reported PIC values were foighll markers with an

average of 0.70 and ranged from 0.51-0.83.

The results of molecular study dh grisea islates variability. But no
significant correlation was observed between caltumorphological and

molecular variability ofP. grisea isolates.
4.2.4.2 Genetic diversity oP. grisea isolates using RAPD markers

The genomic DNA of twenty. grisea isolates were subjected to PCR
amplification using eight RAPD primers. Out of thes 7 primers produced

polymorphic alleles which selected for genetic dsity analysis.

A total of 84 reproducible alleles with an averafgel 2 alleles per primer
were produced using 7 RAPD primers. All the markgisplayed polymorphic
alleles. Of the total alleles (84), one amplicp@PA-07) was monomorphic
with 15.38% monomorphism and 84.61% polymorphismcivicontains two
monomorphic band with PIC value of 0.2874. Wheréaprimers (OPA-04,
OPA-10, OPA-18, OPB-17, OPC-05 and OPC-11) producd0%
polymorphism with PIC value was ranged from 0.1%690.3429 and total

number of polymorphic bands were ranged from &4to 1

Dendrogram constructed to reveal the pattern atedhess among twenty
P. grisea isolates using DARwin 6 software on the basis oAPR
polymorphism. Clustering analysis based on Unweigh®air Group Method
using Arithmetic Averages (UPGMA) and dendrogramegated using Neighbor
Joining (NJ) method. 2®. grisea isolates formed in to three mega cluster.
Cluster | is further divided into sub-cluster IA wh consisting of nine isolates
(MRB-1, GVN-1, VIZ-1 JTR-1, KML-1, VAL-1, LNG-1, PA-1 and MOR-1),
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among those majority were belongs to YSR Kadapmmne@KML-1, VAL-1 and
LNG-1) and remaining isolates belongs to differesgions. Sub-cluster IB of
with two isolatesviz., JRG-1 and GON-1 which belongs to Chittoor region.
Cluster Il further divided into cluster IIA whicloasisting of four isolates (PEA-
1, GDB-1, VIZ-1 and CHK-1), among those PEA-1 anHKZ1l belongs to
Kurnool region remaining isolates belongs to défarregions. Sub-cluster 11B
contains only one isolate.e. JDR-1 which belongs to Anantapur region.
However, cluster Ill further divided into sub-clestlllA which contains three
isolates (KPN-1, VED-1 and TTC-1) among those KPBEntl VED-1 belongs
Guntur region and TTC-1 belongs to Prakasam regidghile, sub-cluster 111B
contains only one isolatee. ANP-1 which belongs to Prakasam region (Table
4.10) (Plate 17) (Fig. 4.7).

Similar observations were also reported by varioesearchers. The
assessment of genetic diversity and virulence cexityl of forty five isolates of
rice blast fungus was done by using fifteen RAPDmprs showed the
polymorphism range from 71.40 to 90%, while thegeof total loci scored was
from 07 to 10. The molecular size of scorable lariged from 150 to 2500 bp
(Singh and Kumar, 2010). Madhavest al., (2014) reported the genetic
variability among isolates dflagnaporthe grisea collected from rice, buffel
grass, finger millet and para grass were analyzedding Random Amplified
Polymorphic DNA (RAPD) method. Analysis of the geaeoefficient matrix
derived from the scores of RAPD profiles showed thanimum and maximum
Per cent similarities among the tesMdgrisea. Jesumaharajat al. (2016)
performed 20 Random amplified polymorphic DNA (RAPDIth 14 isolates
of M. grisea. The genetic similarity coefficient within eachogp and variation
between the groups was observed. Among the prin@#s;-08 generated a
RAPD polymorphic profile that showed common fragineh478 bp in all the
isolates. Abubakaet al. (2020) found a total of fifty nine (59) amplified
fragment bands with 10 DNA primers, of which 53 .@88%6) were polymorphic
and 6 (10.17%) were monomorphic. Genetic similadtgong the accessions

varied from 0.18 to 1.44 with an average gene ditsewvalue of 0.74.
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Fig. 4.7. Dendogram ofP. grisea isolates generated based on RAPD
markers using DARwin 6 software
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Plate 17. Amplification pattern of RAPD markers




OPB-17 (M : 50 bp Ladder)

OPC-05 (M : 50 bp Ladder)

OPC-11 (M : 50 bp Ladder)

Plate 17. Amplification pattern of RAPD markers
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4.3 EVALUATION OF NATIVE BACTERIAL BIO-CONTROL
AGENTS AND FUNGICIDES AGAINST THE PATHOGEN IN
VITRO

4.3.1 Isolation of Native Bacterial Bio-control Agnts from Rhizosphere
Soll

A total of 23 (BLN-1, BLN-2, BVA, BKM, BMO, BPA-1BPA-2, BGO,
BJR, BGV-1, BGV-2, BJD, BMR, BGD, BPE-1, BPE-2, BCBJT-1, BJT-2,
BAN, BTT, BVE, BKP) bacterial bio-control agents mee isolated from
rhizospheric soil of healthy finger millet planteomn different areas and then
subjected to Serial dilution plating technique (Eknd Chet, 1983) and three
isolatesviz., BVP-1 (Pseudomonas fluorescens), BVB-2 (Bacillus subtilis-1) and
BVB-3 (Bacillus subtilis-2) were collected from Agricultural Research Suafi
Vizianagaram. The isolated bacterial bio-controlerd)g were purified and

assayedn vitro for their bioefficacy againg®. grisea (Table 4.11) (Plate 18).
4.3.2 Evaluation of Native Bacterial Bio-control Ayents against Pathogen

Among twenty six bacterial bio-control agents tdstaderin vitro by
dual culture technique revealed the significantedénce in per cent inhibition of
mycelial growth ofP. grisea. Result indicated that, the significant maximum
inhibition of mycelium growth (79.54%) was noticedBVP-1 followed by BTT
(75.56%) and BJT-1 (74.35%) which were on par \wilch other. However, the
isolate BJT-1 was on par in per cent inhibitionnofcelial growth with BPE-1
(73.80%) and BJT-2 (73.52%). The isolate BGV-1 shkdwhad Per cent
inhibition of 72.31%, BAN (72.04%), BVB-2 (71.85%BCH (70.00%), BGV-2
(66.94%), BJD (66.67%), BVB-3 (66.48%), BGD (66.20%BMR (61.76%),
BVA (61.57%), BGO (54.54%), BKM (47.50%), BMO (46%), BLN-
1(43.52%), BVE (34.17%), BPE-2 (32.87%) and BPA1188%). The
significant least mycelial inhibition was noticed BJR (11.30%), BPA-2
(16.48%), BLN-2 (26.41%) and BKP (27.87%) which wked excess growth
overP. grisea (Table 4.12) (Plate 19) (Fig. 4.8).

Thein vitro evaluation ofPseudomonas fluorescens provides information

on mycoparasitic activity againByricularia grsea. The mycoparasitic activity
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of Pseudomonas spp. was well documented by Keel and Defago (139%)
Whipps (1997). The results were in agreement witlimgs of Gashavet al.,
(2014) who reported 57.20% inhibition in myceliabgth of Pyricularia grisea.
Rao and Kumarn2020) noticed 63.70% inhibition in mycelial growtdi P.
grisea. Kulmitra et al., (2017) noticed some of thHe fuorescens did not show
any inhibition of mycelial growth as the pathogamiogrew the bio agent. Mori
et al., (1987) noticed that butyric acid produced frénflorescens will inhibit
mycelial growth of Pyricularia by 50-60%. Productiof antibiotisviz., HCN,
pyrrolnitrin, phenazine, Cyclic Lipo Peptides (C)Psnd 2,4-diacetyl
phloroglucinol and lytic enzymes by. fluorescens against fungal pathogens
were reported by many workers (Rosadeal., 1995; Ramamoorthet al., 2001;
Saravanakumaat al., 2008 and Gross and Loper, 2009).

Table 4.11. List of bacterial bio-control agentssolated from major finger

millet growing areas of Andhra Pradesh

> District Mandal Village Bacterlal bio-control
No. isolates
Vallur Lingayapalle BLN-1, BLN-2
1. | YSR Kadapa Vallur BVA
Kamalapuram Kamalapuram BKM
Moram BMO
2. | Chittoor Palamaneru | Palamaneru BPA-1, BPA-2
Gonugur BGO
Kuppam Jarugu BJR
Madakasira Govindapuram BGV-1, BGV-2
3. | Anantapur Jadrahalli BJD
Gudibanda Morl_JbagaI BMR
Gudibanda BGD
ARS

Vizianagaram BVP-1, BVB-2, BVB-3

4. | Vizianagaran Vizianagaram
Peapally Peapally BPE-1, BPE-2
Pattikonda. Chakkaralla BCH

5. | Kurnool Jutur BJT-1, BJT-2
Racharla Anumalapalli BAN

6. | Prakasam Komarolu Taticherla BTT
Veldurthi Veldurthi BVE

7. | Guntur Macherla Koppunur BKP
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Table 4.12. Evaluation of native bacterial bio-coimol agents agains
P. grisea (VIZ-1) under in vitro

S. | Average radial growth Per cent growth inhibition
No. solate (mm)’ over control’
BLN-1 50.83 (4:13;-522;)
2. BLN-2 66.23 é%‘;];)
3. BVA 34.58 (212;)
4. BKM 47.25 (17355%
5. BMO 47.92 élg7l6:)
6. | BPAL 61.83 éﬂ%og)
7. BPA-2 75.17 (1263;28;)
8.| BGO 40.92 (i‘;'_z‘é)
9. BJR 79.83 (ﬁ)%z)
10. BGV-1 24.92 352832:[:3;
11. BGV-2 29.75 (6521994;:)
12. BJD 30.00 (653672)
13. BMR 34.42 (21123)
14. BGD 30.42 (65331%)
15. BVP-1 18.42 (76%514i)
16. BVB-2 25.33 (75];?952)
17. BVB-3 30.17 (65(2128(2)
18. BPE-1 23.58 (753;82?)
19. BPE-2 60.42 (S;ig—é)
20. BCH 27.00 (;%gg)
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01| BITH 23.08 (7549')_3;2
22.| BJT-2 23.83 (7539')_502:)
23. BAN 25.17 (7528'_004%
24, BTT 22.00 (2%'_26;)
25. BVE 59.25 (245';77)
26. BKP 64.92 (271'_887;)
27. control 90.00 (888)
c.D (é:g;i)

SE (m) 0.310

SE(d) 0.439

C.V. (ﬁﬁ)

* Mean of three replications, in a column mean foddviby a common letter are
not significantly different

() Angular transformed values

3.3.3 Evaluation of Commercially Available Fungiciegs against Pathogen

Among the ninesystemic fungicides used in the present invesbgati
under In vitro conditions, all the fungicides had the inhibitioffeet on radial
growth of P. grisea. The complete inhibition of the test pathogen whserved
with Tebuconazole 50% + Trifloxystrobin 25% WG dt #he concentrations
tested. However, Tricyclazole 75% WP and Carbemie&&% WP were on par
with Tebuconazole 50% + Trifloxystrobin 25% WG bynapletely inhibiting the
mycelial growth of the pathogen. Azoxystrobin 11%®ifenconazole 18.3% SC
showed 68.89, 72.22 and 76.67% inhibition of teshpgen at 500, 1000 and 1500
ppm concentrations respectively. Isoprothiolane #%showed 57.78, 62.22 and
72.59% inhibition of the fungus at 500, 1000 and0@S5ppm respectively.
Tebuconazole 25.9% EC showed 61.11, 62.22 and &65i80ibition on radial
growth of the test pathogen at 1500, 2000 and 2ppth concentrations
respectively. While, minimum inhibition in gmth of the test pathogen was
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noticed in Azoxystrobin 23% SC (13.33 %) and Krasarethyl 44.3% SC
(13.33%) both at 500 ppm and Difenconazole 25% E&70%) at 300 ppm
concentrations. However, Azoxystrobin 23% SC shotv&@@7 and 19.63% as well
as Kresoxy methyl 44.3% SC showed 16.67 and 18.88#bition at 1000 and
1500 ppm concentrations respectively. Difencona26% EC showed 15.56 and
17.78% inhibition of test pathogen at 600 and 90 goncentrations respectively
(Table 4.13) (Plate 20) (Fig. 4.9). The resultspagsent study are in agreement
with Kavanashreet al. (2019) who evaluated fungicides agailtoryzae under

in vitro and reported that Tebuconazole 50% + Trifloxysimol@5% WG
completely inhibited the growth of fungus and geration of fungal spores in all
concentration. Kondat al. (2016) who reported complete inhibition of myaéli
growth ofPyricularia seteria in Tebuconazole 50% + Trifloxystrobin 25% WG, at
500, 1000 and 2000 ppm concentrations. Kulmeéraal. (2017) reported that
Tebuconazole + Trifloxystrobin (50% + 25%) WG show@9.40% inhibition of
blast pathogen. Singlet al., (2019) also recorded that Tebuconazole 50% +
Trifloxystrobin 25% (WG) was found to be the moBeetive fungicide against the
leaf blast disease.

Table 4.13. In vitro evaluation of commercially available fungicides agnst
P. grisea (VIZ-1)

Average Per cent growth
S. - Concentration g inhibition over
Fungicides mycelial
No. (ppm) growth (mm) control
(PGDH*
13.33
500 78.00 (21.41)
: 16.67
0,
1. Azoxystrobin 23% SC 1000 75.00 (24.09)
19.63
1500 72.33 (26.30)
13.33
500 78.00 (21.41)
Kresoxy methyl 44.3% 16.67¢
2. SC 1000 75.00 (24.09)
18.89¢
1500 73.00 (25.75)
61.1PF
1500 35.00 (51.42)
2000 34.00 (%22'%2;
3. | Tebuconazole 25.9% EC ;
2500 30.33 66.30
) (54.52)
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13.7C6
300 77.67 (21.72)
600 76.00 (122526;)
4, Difenconazole 25% EC 17 .783‘1
900 74.00 :
(24.93)
100.00
300 0.00 (90.00)
600 0.00 (158'5’(%
5. Tricyclazole 75%WP '
900 0.00 100.00
' (90.00)
100.00
200 0.00 (90.00)
100.00
6 Tebuconazole 50% + 400 0.00 (90.00)
" | Trifloxystrobin 25% WG 100.00
600 0.00 (90.00)
68.89
500 28.00 (56.10)
72.22
7 Azoxystrobin 11% + 1000 25.00 (58.20)
" | Difenconazole 18.3% SC 76.67F
1500 21.00 (61.12)
100.00
500 0.00 (90.00)
1000 0.00 (15’83)(%
8. Carbendazim 50% WP :
1500 0.00 100.00
' (90.00)
57.78
500 38.00 (49.48)
1000 34.00 (6522%";)
9. Isoprothiolane 40% EC 72'59
1500 24.67 (58.44)
0.00
10. Control ) 90.00 (0.00)
C.D. 1.02
SE(m) 0.36
SE(d) 0.51
C.V. 1.11

* Mean of three replications, in a column mean fodoviby a common letter are
not significantly different

() Angular transformed values
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Azoxystrobin 23%

1000 ppm

Kresoxy methyl 44.3% SC

1500 ppm

/" ( @ \,} Tebuconazole 25.9%
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Tebuconazole 50% +
trifloxystrobin 25% WG

Azoxystrobin 11% +
difenconazole 18.3%
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@ \ Isoprothiolane 40% EC

1500 ppm

Control

Plate 20. In vitro evaluation of fungicides against P. grisea (VIZ-1)
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4.3.4 Studies on Compatibility of Potential NativeBio-control Agent with

Effective Fungicides

The systemic fungicides Tricyclazole 75% WP (3000 &nd 900 ppm),
Tebuconazole 50% + Trifloxystrbin 25% WG (200, 4a80d 600 ppm) and
Carbendazim 50% WP (500, 1000 and 1500 ppm coratents) were tested
with BVP-1 (Pseudomonas fluorescens) with bacterial bio-control agent using
agar well diffusion method (Murragt al. 1995). The results revealed that,
Tebuconazole 50% + Trifloxystrbin 25% WG at 20@04and 600 ppm
concentrations and Carbendazim 50% WP at 500, 1&@ 1500 ppm
concentrations were highly compatible with zero pent inhibition of BVP-1
bacterial growth. While, Tricyclazole 75 % WP wdwwed significant higher
inhibition (9.35 %) of potential bacterial bio-cooit agent at 900 ppm with
inhibition zone radius of 13 mm followed by 2.58(6683 mm) and 1.52 % (5.25
mm) inhibition at 600 and 300 ppm respectively (€ah.14) (Plate 21) (Fig.
4.10). Similar results are in agreement with Sieglal., (2021) who reported
compatibility of Tebuconazole 50 %+ trifloxystrobiB5 % WG with P.
fluorescens at all tested concentrations. Hanuman and Mad{Z®48) reported
that higher compatibility ofPseudomonas fluorescens with trifloxystrobin +
Tebuconazole was found at 100 ppm and moderatatypatble at 500 ppm

concentrations.
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Table 4.14. Compatibility studies between effectivungicides with potential

bacterial bio-control agent (BVP-1)

Average of
S. . Concentrations inhibition Per cent
N Fungicides (ppm) zone inhibition*
0. PP radius
(mm)
1.52
2
300 5.25 (7.08)
) 2.58
0,
1. | Tricyclazole 75% WP 600 6.83 (9.25)
9.348
13.
900 3.00 (17.80)
0.0¢
2 )
00 0.00 (0.00)
Tebuconazole 50% + 0.002
2. | Trifloxystrbin 25% 400 0.00 '
WG (0.00)
0.002
600 0.00 (0.00)
0.002
500 0.00 (0.00)
3. | Carbendazim 50% WP 1000 0.00 0.00%
(0.00)
0.002
1 )
500 0.00 (0.00)
4. | Control 42.08 -
C.D. 0.06 0.06
SE (m) 0.02 0.02
SE (d) 0.03 0.03
C. V. 1.02 2.89

* Mean of three replications, in a column mean foddviby a common letter are

not significantly different

() Angular transformed values
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44 TO SCREEN THE GENOTYPES FOR THEIR RESISTANCE
AGAINST BLAST

4.4.1 Screening of Genotypes against Blast

In two consecutiveKharif seasons (2020 and 2021) 74 lines of finger
millet were evaluated using check (VR-708) agabiast disease under natural
field conditions at high disease pressure at AR3aviegaram (Plate 22 and
Plate 23). The lines were grouped under differeagreles of resistance on the

basis of disease reaction for leaf, neck and fildgest.

74 lines of finger millet including local check VRO8 were evaluated for
leaf, neck and finger blast disease. For each #@ejskriment conducted during
Kharif 2020 andKharif 2021 data on leaf, neck and finger blast incideness
analyzed separately using ANOVA. The data of bothyears were pooled and
ANOVA performed. Pooled analysis of leaf blast demdicated that five lines
(GE-1, GE-5, GE-41, GE-44 and GE-45) were fountlighly resistant (1-1.9%
incidence), 31 lines (GE-2, GE-4, GE-7, GE-13, GE-GE-18, GE-24, GE-25,
GE-28, GE-29, GE-30, GE-31, GE-33, GE-34, GE-36;33EGE-38, GE-39,
GE-40, GE-42, GE-43, GE-46, GE-51, GE-56, GE-57;8BE GE-63, GE-64,
GE-69, GE-72 and GE-74) were reacted as resis2abh®% incidence), 23 lines
were reacted as moderately resistant (11-30% inca&e 15 lines were found to
be susceptible (31-50% incidence) when comparetl alieck VR708 which
shown highly susceptible reaction (Table 4.15).

Out of 74 lines, 30 lines (GE-2, GE-3, GE-5, GE=E&-9, GE-10, GE-12,
GE-13, GE-15, GE-16, GE-17, GE-18, GE-19, GE-20;Z3E GE-24, GE-28,
GE-31, GE-32, GE-33, GE-41, GE-53, GE-54, GE-56;8BE GE-61, GE-62,
GE-66, GE-68, GE-74) were reacted as resistanetk blast, 29 lines (GE-4,
GE-6, GE-23, GE-26, GE-27, GE-29, GE-30, GE-34, 35E-GE-36, GE-37,
GE-39, GE-40, GE-43, GE-44, GE-48, GE-49, GE-51;32EGE-55, GE-57,
GE-58, GE-59, GE-63, GE-64, GE-65, GE-69, GE-71 &id-73) shown
moderately resistant and 15 lines (GE-, GE-7, GEEGH-14, G-22, GE-25, GE-
38, GE-42, GE-45, GE-46, GE-47, GE-50, GE-67, GEard GE-72) were
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reacted as susceptible to neck blast when compaitedcheck VR 708 which

was showed highly susceptible reaction (Table 4.16)

Out of 74 screened lines 20 lines (GE-2, GE-3,6856E-8, GE-9, GE-
10, GE-12, GE-13, GE-17, GE-20, GE-24, GE-31, GE@GE-33, GE-40, GE-
53, GE-62, GE-63, GE-64 and GE-74 showed moderatsdistance (6-25%
incidence) reaction to finger blast, 41 lines (GEsE-5, GE-14, GE-15, GE-16,
GE-18, GE-19, GE-21, GE-23, GE-26, GE-28, GE-29;3BEGE-34, GE-35,
GE-36, GE-39, GE-41, GE-42, GE-43, GE-44, GE-45;4B6FE GE-48, GE-49,
GE-50, GE-52, GE-54, GE-55, GE-56, GE-57, GE-58;39E GE-60, GE-61,
GE-65, GE-66, GE-67, GE-68, GE-70 and GE-71) witbceptible reaction (26-
50% incidence) and 14 lines including VR708 showsghly susceptible
reaction (>50% incidence) with 82.49% incidence fittgger blast incidence
(Table 4.16).

Table 4.15. Screening of finger millet genotype®f their resistance against
leaf blast during Kharif 2020 andKharif 2021

LEAF BLAST
S. Kharif Kharif Disease
No. | Genotypes 2020 2021 Pooled reaction
1. GE-1 1.9 0.1 1.8+0.3 1.83+0.18 HR
2. GE-2 2.0+0.2 2.1+0.2 2.05+0.20 R
3. GE-3 36+ 04 44+0.5 3.98 £0.43 S
4. GE-4 24+0.4 2.7+0.4 2.53+0.38 R
5. GE-5 1.7+0.3 1.3+0.3 1.50+0.30 HR
6. GE-6 3.9+0.3 3.7+0.4 3.78+0.33 MR
7. GE-7 2.1+05 1.9+04 2.00 £ 0.45 R
8. GE-8 6.2+0.4 6.4+0.3 6.30 £ 0.35 S
9. GE-9 6.0 £0.3 7.0+£0.3 6.50 £ 0.30 S
10. GE-10 52+0.4 4.8+0.3 498 +0.33 MR
11. GE-11 40+0.2 3.9+04 3.93+0.28 MR
12. GE-12 6.2 +£0.6 5.6 £0.2 5.90 £ 0.41 S
13. GE-13 2.7+0.7 2.0+0.3 2.33+0.48 R
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14. GE-14 6.9+0.5 5.2+04 6.03 +£0.43 S
15. GE-15 5.8+04 54+0.3 5.58 +0.33 MR
16. GE-16 45+0.3 48+0.4 4.63 +£0.33 MR
17. GE-17 3.6+0.6 25+0.3 3.05+0.45 R
18. GE-18 29+0.5 25+0.3 2.70+0.41 R
19. GE-19 5.1+0.3 41+0.2 4.60 £0.25 MR
20. GE-20 5.3+0.9 5.5+0.3 5.40 +0.60 MR
21. GE-21 6.2+0.4 7.1+£0.1 6.63 +0.23 S
22. GE-22 5.9+0.3 6.4+04 6.13 +0.33 S
23. GE-23 4.8+0.8 3.7+£0.2 4.23 £0.48 MR
24. GE-24 23+0.7 1.8+0.3 2.05+0.50 R
25. GE-25 3.2+0.2 29+0.2 3.05+0.20 R
26. GE-26 42+0.4 45+0.2 4.33+0.28 MR
27. GE-27 3.6+04 42+0.2 3.88 £0.28 MR
28. GE-28 1.8+04 28+0.2 2.28+0.28 R
29. GE-29 3.4+04 3.4+0.3 3.40+£0.35 R
30. GE-30 28+0.2 23+0.0 255+0.11 R
31. GE-31 22+03 21+0.2 2.15+0.25 R
32. GE-32 3.9+0.3 3.8+0.2 3.83+0.23 MR
33. GE-33 1.7+0.3 21+0.3 1.90 £ 0.30 R
34. GE-34 1.9+0.3 3.0+£0.3 2.45+0.30 R
35. GE-35 48+0.4 45+05 4.63 +0.43 MR
36. GE-36 3.5+0.3 23+0.2 2.90+0.25 R
37. GE-37 42+0.4 29+0.2 3.55+0.32 R
38. GE-38 2.1+£0.7 1.9+0.2 2.00+ 0.4b R
39. GE-39 1.4+04 25+0.3 1.93 +£0.33 R
40. GE-40 3.0+04 20+0.3 2.50+0.35 R
41. GE-41 1.4+03 1.7+0.1 1.58 £+0.18 HR
42. GE-42 1.7+0.3 20+0.1 1.85+0.22 R
43. GE-43 23+0.3 28+0.2 2.55+0.25 R
44. GE-44 1.1+03 1.1+£0.5 1.08 £0.38 HR
45. GE-45 1.2+0.2 1.8+0.2 1.50+0.21 HR

86




46. GE-46 24+0.4 3.3%0.1 2.85+0.25 R
A7. GE-47 5.4 +0.4 5.6 +0.1 5.48 +0.23 MR
48. GE-48 6.6 +0.4 6.7+0.1 6.65 + 0.25 S
49, GE-49 6.2+0.4 6.8 +0.3 6.53 £ 0.33 S
50. GE-50 6.2 +0.6 7.3+0.1 6.73 +0.33 S
51. GE-51 3.2+0.4 3.9+0.1 3.55+0.25 R
52. GE-52 5.4 +0.6 7.0+0.4 6.18 + 0.48 S
53. GE-53 46+0.7 3.8+0.5 4.20 +0.55 MR
54, GE-54 49+0.3 41+0.5 4.50 + o.zﬂo MR
55. GE-55 49+0.1 48+0.5 4.85+0.30 MR
56. GE-56 3.2+0.4 3.8+0.3 3.50 +0.35 R
57. GE-57 3.0 +0.2 43+05 3.63 £0.33 R
58. GE-58 5.4 +0.4 54+0.5 5.40 + 0.45 MR
59. GE-59 3.2+0.4 51+04| 4.13+0.38 MR
60. GE-60 3.7+05 2.7+05 3.18 £ 0.48 R
61. GE-61 6.2+0.4 7.0+0.4 6.58 + 0.38 S
62. GE-62 42+0.2 3.6+0.1 3.88 +0.13 MR
63. GE-63 3.7+0.6 2.7+0.6 3.20 £ 0.55 R
64. GE-64 3.9+0.6 3.1+0.6 3.50 £ 0.55 R
65. GE-65 6.3+0.3 6.9 +0.5 6.58 + 0.38 S
66. GE-66 3.8+0.4 4.8 +0.4 4.30 +0.40 MR
67. GE-67 6.1+0.7 7.0+0.6 6.55 + 0.65 S
68. GE-68 22+0.4 35+0.4 2.88+0.38 MR
69. GE-69 2.7+0.4 3.6 +0.3 3.15+0.30 R
70. GE-70 3.6+0.4 47+0.4] 4.13+0.38 MR
71. GE-71 5.1+0.5 7.1+0.3 6.10 + 0.35 S
72 GE-72 23+0.5 3.2+0.5 2.75+0.50 R
73. GE-73 25+0.5 4.8 +0.4 3.63 £0.43 MR
74. GE-74 27+0.3 3.7+0.6 3.20+0.45 R
75. VR708 8.2+ 0.2 7.9+0.2 8.05 + 0.20 HS
C.D. 1.10 0.56 0.83
C.V. 15.56 7.10 11.33
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The present results are in agreement with theirfgsd of Patroet al.
(2017) who screened 10 genotypes for their resistém blast disease and found
minimum percentage of neck blast severity in VL 8¥9.82%), and finger blast
severity (13.70%) in GPU 45. Pateb al. (2018) evaluated 30 lines of finger
millet in which five lines are found to be highlgsistant and nineteen lines are
resistant whereas VR 708 recorded as highly subtepd leaf blast. In the same
way Patro and Anuradha (2019) evaluated 3000 fingket lines including one
check varietyiz., VR 708 (susceptible) against neck and fingestblamong all
the 3000 lines 112 lines have shown resistant icraainder high disease
pressure field conditions duririharif 2013-2018. However, only 50 lines have
shown consistent resistant reaction during all years (2014-18) tested. The
percent disease intensity of neck and finger wlsged from 0.00 to 96.4 % and
0.00 to 95.3 % respectively, where it was 95.5 @@d PDI of neck and finger
blast in check VR 708, a highly susceptible variety

45 TO STUDY THE INFLUENCE OF WEATHER FACTORS AND
DISEASE DEVELOPMENT

4.5.1 Correlation and Regression Analysis of DiseasSeverity and Weather

Factors

The influence of weather factors on disease sgvefifinger millet blast
was studied durindKharif 2020 andKharif 2021 with three different dates of
sowing (DOS)viz., July 18", July 30" and Aug 1%. The Per cent disease index
was recorded at weekly intervals from'22uly to 2% Oct duringKharif 2020
and 2021 for July '5DOS, 3" Aug to 4" Nov duringKharif 2020 and 2021 for
July 30" DOS and 19 Aug to 18" Nov duringKharif 2020 and 2021 for Aug
30" DOS. The data on weather parameters such as maxiemperature (¥,
minimum temperature (¥, maximum relative humidity (¥, minimum relative
humidity (Xs), Rainfall (Xs) and Rainy days ( were recorded at weekly
intervals during the period of experimentation risi@d meteriological data).
Correlation and regression analysis were done lmguRer cent disease index as

dependent variable and weather parameters as indieipievariables.

93



Relationship of weather factors with severity of inger millet blast disease
during Kharif 2020 andKharif 2021 (Pooled)

July 15" DOS

The influence of weather parameters as diseasaiseduring July 18
Kharif 2020 and 2021 (pooled) is presented in Table A:h&.correlation studies
revealed that the significant positive correlationefficient was observed
between disease with minimum temperature (0.99&ximum relative humidity
(0.990), rainfall (0.991) and rainy days (0.970heTdisease also have negative
co-efficient correlation with maximum temperatured.§24) and minimum
relative humidity (-0.986). The intermittent raidaring this period resulted in
lower temperature and higher relative humidity whivere predisposed for

development of infection and further spread of asse(Table 4.17).

The multiple linear regression between per ceséabe index of finger
millet blast and weather parameters, duriCarif 2020-21 indicated that, the
regression coefficients for maximum and minimum genature, maximum
relative humidity, minimum relative humidity, raaif and rainy days were found
to be -0.173, -2.458, 271.641, -2.729, 1.874 artshB(Table 4.18).

The multiple linear regression equation was fitiethe data and equation
arrived for the weather parameters was Y= 10935(b293X-2.458%-
271.641%-2.729%+1.874%-3.640%. Where X- maximum temperature (°C),
X2- minimum temperature (°C), 3X maximum relative humidity (%), X

minimum relative humidity (%), ¥ rainfall (mm) and X- rainy days.
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Table 4.17. Correlation coefficients between fingemillet blast PDI and
weather parameters of  July 18 sown crop during Kharif
2020 andKharif 2021pooled data

S. No. | Weather parameters Correlation coefficient§r)
1. X1- Maximum temperature -0.624*
2. X2 - Minimum temperature 0.991**
3. X3- Maximum RH 0.990**
4. Xs- Minimum RH -0.986**
5. Xs - Rainfall 0.991**
6. Xe - Rainy days 0.970**

* Significant at 5% LOS
** Significant at 1% LOS

Table 4.18. Multiple regression analysis of inflance of weather parameters on
blast severity in July 18" sown crop during Kharif 2020 andKharif
2021 pooled data

Regression t
Weather co-efficient Standard calculated t Intercept R?
parameters error probability
(B value) value
X1
-0.173 3.505 -0.701 0.506 10935.599 0.982
(Max. temp)
X2
-2.458 271.933 0.999 0.351
(Min. temp)
X3
271.641 16.063 -0.170 0.870
(Max. RH)
Xa
-2.729 2.076 0.903 0.397
(Min. RH)
Xs
_ 1.874 5.803 -0.627 0.550
(Rainfall)
Xs
_ -3.640 6.774 -1.171 0.280
(Rainy days)
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July 30" DOS

The influence of weather parameters as diseaseitseslaring July 30
Kharif 2020 and 2021 (pooled) is presented in Table 4:48.correlation studies
revealed that the PDI showed significant positiverelation with minimum
temperature (0.985), maximum relative humidity 870 rainfall (0.985) and
rainy days (0.974). The negative correlation waseobed with maximum
temperature (-0.707) and minimum relative humi@i6/979) (Table 4.19).

The multiple linear regression between per ceséabe index of finger
millet blast and weather parameters, during July 8&wvn crop oKharif 2020-
21 indicated that, the regression coefficients foaximum and minimum
temperature, maximum relative humidity, minimumat®le humidity, rainfall
and rainy days were found to be -1.952, -348.38%,.014, 0.216, -0.431 and
2.909 (Table 4.20).

The multiple linear regression analysis indicatedt all the weather
parameters collectively influenced the finger blsesterity to an extent of 59.83
per cent duringlharif 2020 andKharif 2021 (pooled). The regression equation is

fitted as below:
Y=-22276.287-1.952%348.335X%+407.014%+0.216X%-0.431)%+2.909X%.

Where, X- maximum temperature (°C),2Xminimum temperature (°C),
X3- maximum relative humidity (%), & minimum relative humidity (%), %

rainfall (mm) and X%- rainy days.
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Table 4.19. Correlation coefficients between fingemillet blast PDI and
weather parameters of July 3¢ sown crop during Kharif 2020
and Kharif 2021 pooled data

S. No. Weather parameters Correlation coefficient§r)
1. X1- Maximum temperature -0.707"
2. X2 - Minimum temperature 0.985
3. X3- Maximum RH 0.987
4, X4- Minimum RH -0.979
5. Xs - Rainfall 0.985
6 Xs - Rainy days 0.974

** Significant at 1% LOS

Table 4.20. Multiple regression analysis of influence of weatheparameters
on blast severity in July 3¢ sown crop during Kharif 2020 and
Kharif 2021 pooled data

Regression t
Weather co-efficient Standard calculated t . Intercept R?
parameters error probability
(B value) value
X1 -1.952 2.907 -0.671 0.524 -22276.287 0.991
(Max. temp)
X2
(Min. temp) -348.335 160.237 -2.174 0.066
X3 *
(Max. RH) 407.014 139.427 2.919 0.022
Xa
(Min. RH) 0.216 0.898 0.240 0.817
Xs
(Rainfall) -0.431 2.067 -0.209 0.841
Xe
(Rainy days) 2.909 2.225 1.307 0.232

* Significant at 5% LOS
Aug 15" DOS

The influence of weather parameters as diseaseitseglaring Aug 1%’
Kharif 2020 and 2021 (pooled) is presented in Table 4.B&.correlation studies
revealed that significant positive correlation ¢m&Ent was observed between
disease with minimum temperature (0.993), maximalative humidity (0.992),
rainfall (0.994) and rainy days (0.977). The diseadso have negative co-
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efficient correlation with maximum temperature -22) and minimum relative
humidity (-0.987) (Table 4.21).

The multiple linear regression between per ceséaBe index of finger
millet blast and weather parameters, during Au§ d&wn crop oKharif 2020-
22 indicated that, the regression coefficients fbaximum and minimum
temperature, maximum relative humidity, minimumat®le humidity, rainfall
and rainy days were found to be 1.008, 6.564, 3638.0.284, 4.209, -0.175
(Table 4.22).

The multiple linear regression equation was fitiethe data and equation
arrived for the weather parameters was Y= 10935:5308X+6.564%-
156.362%+0.284%+4.209X%-0.175%. Where X- maximum temperature (°C),
Xo- minimum temperature (°C), 3X maximum relative humidity (%), X

minimum relative humidity (%), ¥ rainfall (mm) and X%- rainy days.

Blast disease severity was shown to be highemduhe early planting
window, possibly due to comparatively high relativemidity, rainfall, and a
greater number of rainy days, all of which favousedse development. The
present findings are in accordance with the work/isivanath and Seetharam
(1989) who reported that high humidity and tempeeatetween 25 and %D
favours the disease development. The pathogen kimwrefer low temperature
(< 2°C) with high humidity, heavy rainfall and low lighfor outbreaks
(Vishwanath and Channamma 1988). Jainal., (1994) while assessing the
stable resistance of blast in finger millet repdrtbat moderate temperatures
between 29C to 29C with more than 80 per cent mean atmosphericivelat
humidity during reproductive period favoured thesedise development. It was
observed that average minimum and maximum tempesanf 22C and 290C
respectively with 85 - 99% RH was favourable fosedise development in
Madhya Pradesh India (Patel and Tripathi 1998; RaB8). Though the crop
sown in late plating window is less affected bysbldisease may be due to
unfavourable weather conditions for the pathogeth such observations have
also been made earlier by Viswanath and Seethat@89) who reported that

dates of sowing significantly influenced the setyeof blast disease of finger
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millet. Present findings are also in accordancdr wibrk of Prasad and Kumar
(2009), Guptat al. (2004) and Ghasoliet al., (2004) studied the effect of dates

of sowing on various diseases and yield of mustard.

Table 4.21. Correlation coefficients between fingemille blast PDI and

weather parameters of Aug 1% sown crop during Kharif 2020
and Kharif 2021pooled data

S. No. | Weather parameters Correlation coefficient§r)
1. X1- Maximum temperature -0.722
2. X2 - Minimum temperature 0.993
3. X3- Maximum RH 0.992
4, X4- Minimum RH -0.987
5. Xs - Rainfall 0.994
6. Xs - Rainy days 0.977

** Significant at 1% LOS

Table 4.22. Multiple regression analysis of influece of weather parameters

on blast severity in Aug 1% sown crop during Kharif 2020 and
Kharif 2021 pooled data

Regression t
Weather co-efficient Standard calculated t . Intercept R?
parameters error probability
(B value) value
X1
(Max. temp) 1.008 1.349 0.747 0.476
X 6.564 1.305 2.958 0.021*
(Min. temp)
X3
-156.362 44.816 -3.489 0.008
(Ma;‘(- RH) 10935.599 0.995
4
(Min. RH) 0.284 0.486 0.585 0.575
X5 *%
(Rainfall) 4.209 1.070 3.935 0.004
Xe
(Rainy days) -0.175 0.912 -0.192 0.853

* Significant at 5% LOS

** Significant

at 1% LOS
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4.6 INTEGRATED DISEASE MANAGEMENT FOR BLAST

The field experiment was conducted duriigarif 2021 at Tirupati and
Vizianagaram (Plate 24 and Plate 25). In the ptesewestigation, Seed
treatment and foliar sprays with Tebuconazole 50%riftoxystrobin 25% WG
andP. fluorescens (BVP-1) were evaluated in possible combinationdifi¢rent
levels of infection to assess the integrated effdédilast disease on susceptible
variety VR 708 (check) (Fig. 4.11). Observationsleaf, neck and finger blast
were recorded and compared with unsprayed plot Rf AD8. The treatment

details have been explained in material and metfibalsle 4.23).
Kharif 2021 at Tirupati

The experiment was conducted at wetland farm, S.Agricultural
College, Tirupati durindglharif 2021 (Plate 24). The results of the experiment are

explained below.
Leaf blast

The results revealed that the significant lowd3t &f leaf blast (10.25%)
was recorded in the treatment(With highest (86.53%) disease reduction over
control followed by & with 12.83% leaf blast incidence with 83.14% dssea
reduction over control. The treatments involvingede treatment with
Tebuconazole 50% + Trifloxystrbin 25% WG 0.4 g'k@d1) seed was recorded
15.97% leaf blast incidence with 79.03% diseaseiggah over control. The
treatments involving two sprays of Tebuconazole 50%ifloxystrbin 25% WG
andP. fluorescens 10 g kg! (first spray at initiation of symptoms and second
spray at 50% flowering stage) was recorded 18.41118134% disease incidence
with 75.82 and 74.59% of disease reduction overtrobnwhich were
significantly on par with each other. However, theatments Fand T have
recorded 22.07 and 29.35% of leaf blast incidendd w1.01 and 61.46%
significant disease reduction over control. While significant highest leaf blast
(35.04%) incidence with 53.98% disease reductiogr @ontrol was recorded in
T4 when compared with check (76.15%p){Table 4.23) (Fig. 4.12).
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3M

« M _,
4MI RIT1 | R2T7 | R3T2
RIT4 | R2T3 | R3TS
RIT7 | R2T6 | R3T4
RIT9 | R2T8 | R3T3
RIT2 | R2T1 | R3T7
RIT5S | R2T4 | R3TS
RIT3 | R2T9 | R3T6
R1T6 | R2T2 | R3T1
RITS | R2T5 | R3T9

Fig. 4.11. Field layout of integrated disease managent
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Neck blast

The efficacy of integrated management treatmenteeck blast revealed
that, the significant lowest neck blast (11.64%}swecorded in Twith highest
(83.98%) disease reduction over control. Which vadiswed by Tg with neck
blast (15.29%) disease incidence and 78.97% remuati disease over control.
Ts and T were also recorded 16.65 and 21.68% leaf blagience with 77.09
and 70.17% reduction in disease over control. Tdexl dreatment () and one
spray of Tebuconazole 50% + Trifloxystrbin 25% WG0#4 g kgt at 50%
flowering stage (3) recorded 26.54 and 29.39% neck blast incidente 68.49
and 59.57% disease reduction over control. Howeseed treatment with.
fluorescens 10 g kg' (T2) was recorded 30.41% neck blast incidence with
58.16% disease reduction over control. While, tresit Ts was recorded highest
(42.36%) neck blast incidence with 41.73 % diseadection over control when
compared with untreated control (72.70%9)((lTable 4.23) (Fig. 4.12).

Finger blast

The evaluation of fungicides and bio agents ondinglast revealed that
the significant lower finger blast (8.06%) incidenwas recorded in 7Twith
89.43% disease reduction over control. Which wédlsevi@d by Ts and T with
14.32 and 15.18% disease incidence and 81.22 afi®%®0disease reduction
over control respectively, which are significantbhh par with each other.
However treatmentse] T1, Tzand T recorded 22.86, 24.31, 26.49 and 29.62%
disease incidence (70.01, 68.11, 65.25 and 61.1&®action in disease over
control respectively) which are significantly diféat with each other. While,aT
have recorded highest finger blast (43.42%) inaidewith 43.05% significant
disease reduction over control (76.24%) (T9) (Ta&bg3) (Fig. 4.12).

Yield

Among all the treatments, seed treatment + oneysgrdebuconazole 50
% + Trifloxystrobin 25 % WG at 0.4 ¢'l(at 50 % flowering) (%) was recorded
17.35 g/ha followed by slwith 16.89 % g/ha yield. The treatments Ts, T1 and
Tz recorded 14.45, 13.39, 10.64 and 10.15 g/ha. \Miieleast yield per ha was
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recorded in Tand T with 9.35 and 9.69 g/ha when compared with corffe)
with 8.01 g/ha (Table 4.23) (Fig. 4.14).

Kharif 2021 at Vizianagaram

The experiment was conducted at Agricultural Redeabtation,
Vizianagaram duringharif 2021 (Plate 25). The results of the experimengare

follows.
Leaf blast

The results revealed that the treatmensfiowed the best result in terms
of significant reduction in disease incidence oéfldlasti.e. 8.84% with
maximum disease reduction over control was abol#388, followed by § with
11.42% disease incidence with 86.46% disease rneductver control. The
treatment ¥ and T reported 16.69 and 18.85% disease incidence \Wit28nd
77.66% disease reduction over control which arepan with each other.
However, T, Tsand T showed significantly different PDiz, 14.32, 21.01 and
27.36% as well as 83.03, 75.10 and 67.58% diseadaction over control.
While, T4 have reported significant highest (32.62%) disemegdence and
61.35% disease reduction over control when compairtttcheck (84.39%) (d)
(Table 4.24) (Fig. 4.13).

Neck blast

Among all the treatments; has showed significant if disease incidence of
neck blast (10.12%) and 88.20% disease reducti@r gentrol which was
significantly on par with §and & with 12.03 and 13.32% neck blast incidence
and 85.98 and 84.47% disease reduction over coktoalever, the treatmens,T
Ti, Tz and & were also showed 20.33, 20.05, 26.45 and 29.728¢asdke
incidence and 76.29, 73.12, 69.12 and 65.35% diseaguction over control
which was significantly different with each oth&vhile, T4 reported significant
highest PDI of neck blast 39.33 and 54.14% diseas@ction over control
(85.76%) (®) (Table 4.24) (Fig. 4.13).
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Finger blast

The results revealed that the significant lowegér blast (9.88%) was
reported in T with 88.60% disease reduction over control. Whicksiollowed
by Ts with 11.76% finger blast incidence and 86.43% atsereduction over
control. The treatment sTwas reported 14.51% finger blast incidence with
83.26% disease reduction over control. The treatmin T, and T are
significantly on par with 21.10, 24.56 and 24.80Mgér blast incidence and
showed 75.66, 71.67 and 71.39% disease reductienamntrol. While, T was
reported 29.72% finger blast incidence with 66.34l%%ease reduction over
control. While, &= was showed significantly higher finger blast (42P4)
incidence with 52.13% disease reduction over co@®68%) () (Table 4.24)
(Fig. 4.13).

Yield

The results revealed that the treatmentwas reported 15.68 g/ha yield
followed by T8 with 14.76 g/ha yield. The treatngeit and T reported 13.87
and 12.75 g/ha. However the treatmenis Tk and T reported 9.35, 8.95 and
8.21 g/ha. The treatment T4 reported lowest 7.3@ qwthen compared with
untreated control (7.67 g/ha)djT{Table 4.24) (Fig. 4.14).

Because of some intrinsic properties of the md&cilne new fungicide
Tebuconazole 50% + Trifloxystrbin 25% WG has proven be the most
effective. Tebuconazole is a Triazole fungicidet theevents fungal cell wall
sterol biosynthesis by inhibiting the dimethylatistep. Its dual nature as a
protective and curative agent demonstrates consistéicacy over a period of
several weeks. Trifloxystrobin is an Oximinoacetaesostemic fungicide that is
quickly absorbed by the plant's waxy layers ana tieelistributed by the surface,
resulting in disease control in nearly untreatednpltissues. It prevents the
germination of fungal spores, as well as the expansf the germ tube and the

formation of the appressorium.

The present results suggested that seed treatmtént ebuconazole 50%
+ Trifloxystrbin 25% WG at 0.4 g kband one spray at 50% flowering stage was

effectively reduced all three blasts over the auntRegarding the efficacy of
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new fungicides have been reported by different aedeers like Dutteet al.,
(2012) reported Tebuconazole 50% + TrifloxystroB®H% WG was superior
over control in controlling finger millet blast. Aording to Kulmitraet al.,
(2017) Tebuconazole 50 % + Trifloxystrobin 25 % W@&s found to be the most
effective fungicide against the leaf blast diseasece. The similar results were
also reported by Singlet al., (2019) evaluated six fungicides under field
condition, among those Tebuconazole 50% + Trifltroj@n 25% WG found to
be effective with minimum disease per cent intgnsit11.46 per cent. Similarly,
Ahmad et al., (2020) evaluated various fungicides against btaest. Among
those Tebuconazole 50% + Trifloxystrobin 25% WG ®)g6a. i. per acre was
found to be highly effective in controlling blasisdase with minimum percent
disease intensity (11.16 %) and maximum value aingyields ( 4403.32 kg ha—
1). Most of the findings revealed as fungicideseveffective than bio agents in
disease control. The yield in Vizianagaram was canafively less as compared
to yield in Tirupati. The soil edaphic factors ptalygreater role in yield loss
because the soil in Vizianagaram is cold and hidéitile soil which promotes
biological activity of the pathogen. As well as Mizagaram is hot spot for blast

disease due to higher initial inoculum.
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Chapter — V

Summarny and Conclusions






Chapter-V
SUMMARY AND CONCLUSIONS

In the present investigation, studies pertainiagstirvey, cultural and
morphological variability,in vitro evaluation of fungicides and bacterial bio-
control agents were carried out at S. V. Agric@tuollege, Tirupati. Molecular
diversity among isolates of pathogen was conduetednstitute of Frontier
Technology, Tirupati. Epidemiology, screening aiiMI on finger millet blast
was carried out at Agricultural Research Statiomjahagaram, Andhra Pradesh.

The results obtained in these are summarized below.

Survey for disease incidence was conducted dukihgrif 2020 and
Kharif 2021 in seven major finger millet growing districié Andhra Pradesh.
Among the seven districts surveyed, highest meancPet disease incidence
(PDI) of 56.06% was recorded in Vizianagaram distrFollowed by Chittoor,
YSR Kadapa and Kurnool, with mean Per cent dis@asidence of 42.77%,
22.60% and 20.07% respectively. The lowest meagadesincidence 7.85% was
recorded in Prakasam district followed by Anantagi®.63%) and Guntur
(19.85%) districts. Regarding the mandals, highesan Per cent blast incidence
of 56.59% was recorded in Salur mandal of Viziamagpadistrict in the range of
53.86 to 59.20% during 2020 and 52.35 to 59.65%ndu2021 followed by
Kurupam mandal of Vizianagaram district with 55.58%idence in the range of
54.63% to 57.56% during 2020 and 51.59% to 56.8d%nd 2021, Palamaneru
mandal with 53.92% in the range of 49.25 to 57.%#% 50.35 to 58.65% during
2020 and 2021 respectively. Kuppam mandal witl62% range of 29.45 to
33.78% and 30.32 to 32.86% during 2020 and 202pextwely. Pattikonda
mandal with 27.27% range of 24.32 to 33.23% an®332.56% during 2020
and 2021 respectively. Veldurthi mandal with 24.3f#ge of 12.28 to 48.21%
and 11.56 to 46.98% during 2020 and 2021 respégtiGidibanda mandal with
23.87% range of 17.78 to 28.96% and 18.35 to 29.84%ng 2020 and 2021
respectively. Vallur mandal with 23.26% range d31to 49.23% and 9.23 to
48.65% during 2020 and 2021 respectively and Kamaéan mandal with
21.93% range of 15.03 to 30.13% and 16.35 to 26.7%%020 and 2021

113



respectively of YSR Kadapa district. The lowestdetace with 7.36% range of
5.02 to 9.01% and 4.65 to 9.78% was noticed in Bdahmandal of Prakasam
district during 2020 and 2021 respectively. Thisswallowed by Komarolu

mandal with 8.34% range of 5.85 to 9.21% and 60820.35% during 2020 and
2021respectively of Prakasam district. Peapallydabwith 12.86% the range of
9.09 to 15.54% and 8.35 to 15.65% during 2020 af@12respectively.

Madakasira mandal with 15.38% range of 11.01 t44%. and 10.35 to 19.35%
during 2020 and 2021 respectively and Macherla mlawith 15.40% range of
11.13 to 17.24% and 12.35 to 18.96% range durirR) Zhd 2021 respectively

of Guntur district

The diseased samples from different districts veerigiected to isolation
procedure. A total of twenty monoconidial isolat#sPyricularia grisea were
maintained. The isolates were named as LNG-1, VAKNIL-1, MOR-1, PAL-
1, GON-1, JRG-1, GVN-1, JDR-1, MRB-1, GDB-1, VIZ-Y|Z-2, PEA-1,
CHK-1, JTR-1, ANP-1, TTC-1, VED-1 and KPN-1.

The variability in cultural characteristicgz., colony colour, growth
pattern, elevation (flat/elevated growth), sectasedhon-sectored, zonations and
wrinkles were studied among the isolate®ofrisea on OMA medium. Cultural
characteristics varied greatly with isolates and thedium used. A range of
colour variation was observed among the pathogelates. Observations were
recorded for the colony characters based on thebubtes produced in the

medium.

The sporulating ability of the field isolates waaried. The degree of
sporulation was compared with the growth patterhghe pathogen. It was
observed that pathogen isolates which were gragrelen and sector forming
produced more spores. The undersurface of the ieslomere usually brown or
black. Colony texture or surface of all the isotateere rough to smooth with
trace to abundant sporulation. In majority of theolates, the maximum

sporulation was confined to sectored region.

Total of eight solid media were used to evaludte growth and

sporulation ofP. grisea (VIZ-1). Among the tested media’s maximum growth
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with a colony diameter of 90.00 mm was observe@®MA, followed by FLA
(87.67 mm). The maximum sporulation was observedase of FLA medium
with 1.81 x 10 ml followed by OMA with 1.68 x 10 ml were found to be
significantly different. Least sporulation was obs&l in PDA (0.35 x 10ml)
and V8 (0.54 x 10ml) medium. FLA medium is from host origin whiotsulted

in higher sporulation of pathogen by supplying aaénutrients.

To check the growth and sporulation of pathogendiffierent light
conditions, three light conditions were used. Treximum mean radial growth
of 87.89 mm with insignificant difference underd#rlight conditiong.e light
(87.67 mm), dark (88.67 mm) and light + dark (87m8®) which was followed
by FLA (87.67 mm) with insignificant difference anw three light conditions
I.e. light (87.67 mm), dark (89.00) and dark + ligh6 &3 mm). In over all, with
respect to the light conditions, no significantfeliénce was found among the
three light conditions.e. light (75.71 mm), dark (75.0 mm) and dark + light
(74.11 mm).

Good amount of sporulation (1.68 x>10I'Y) was recorded in FLA with
no significance difference among three light cdodi (1.93 x 10ml2-24 hrs
light; 1.73 x 16 mI'* dark and 1.39 x Pmlt 12 hrs light + 12 hrs dark). This
was followed by OMA (1.68 x PO mlt) and RLA (1.18 x 10mlY). While least
mean sporulation was noticed in PDA and V8 withid0x3L3 ml* and 0.40 x 10

ml-trespectively.

Morphological variability amondpP. grisea was studies through conidial
morphology. Among the isolates, the overall sizéhef conidia was 20.74-23.01
um x 7.00-9.1um (Length x Width).

The genetic diversity of 20 isolates Bf grisea was evaluated using 25
SSR markers, of which seven were polymorphic (1@@ymorphism). A total
of nineteen alleles were detected in twenty blasiates using seven SSR
markers. The number of alleles per locus variechfe&b(MGM 437, Pyrms 15,
Pyrms 37 and Pyrms 67) to 4 (Pyrms 63 and Pyrmsnith)a mean value of
2.71 alleles/locus. The gene diversity was ranged f0.180 (MGM 437) to
0.742 (Pyrms 63) with an average of 0.491.

115



The primers Pyrms 63 and Pyrms 77 were highly mpolphic with PIC
(Polymorphism Information Content) value of 0.6948d 0.6116. However,
Pyrms 7 and Pyrms 37 both showed PIC value of @.5REC value of 0.3318,
0.2225 and 0.1638 were found in Pyrms 15, PyrmsaBd Pyrms 437

respectively with a mean value of 0.435.

The SSR markers data across the twenty isolatese wesed for
construction of phylogenetic tree by Neighbor Jognnethod (NJ), from genetic
distance and dissimilarity matrix as parameter giéM\Rwin 6 software. In the
phylogenetic tree, blast isolates were grouped timee major clusters. Cluster |
was further sub grouped into sub-cluster 1A, whictludes eight isolates and
sub-cluster IB contains one. Cluster Il was furtieb grouped into sub-cluster
[IA, which includes six isolates and sub-clusteé® ihcludes only one isolate.
However, cluster 1ll was further divided into suluster IIIA which includes

three and IIIB includes only one isolate.

A total of 84 reproducible alleles with an averagel2 alleles per primer
were produced using 7 RAPD primers. All the markgisplayed polymorphic
alleles. Of the total alleles (84), one amplicp@PA-07) was monomorphic
with 15.38% monomorphism and 84.61% polymorphismcivicontains two
monomorphic band with PIC value of 0.2874. Wheréaprimers (OPA-04,
OPA-10, OPA-18, OPB-17, OPC-05 and OPC-11) producd0%
polymorphism with PIC value was ranged from 0.1%690.3429 and total

number of polymorphic bands were ranged from &4to 1

Dendrogram constructed to reveal the patternlatedness among twenty
P. grisea isolates using DARwin 6 software on the basis oAPR
polymorphism. Clustering analysis based on Unweigh®air Group Method
using Arithmetic Averages (UPGMA) and dendrogramegated using Neighbor
Joining (NJ) method. 2®. grisea isolates formed in to three mega cluster.
Cluster | is further divided into sub-cluster IA wh consisting of nine isolates
Sub-cluster IB of with two isolates. Cluster Il theer divided into cluster IIA

which consisting of four isolates and sub-clust&r ¢ontains only one isolate.
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However, cluster Ill further divided into sub-clestlllA which contains three

isolates and sub-cluster Il1IB contains only ondaitso

Isolation of native bacterial bio-control agereseaaled that, a total of 23
(BLN-1, BLN-2, BVA, BKM, BMO, BPA-1, BPA-2, BGO, BR, BGV-1, BGV-
2, BJD, BMR, BGD, BPE-1, BPE-2, BCH, BJT-1, BJTRAN, BTT, BVE,
BKP) bacterial bio-control agents were isolatedrfndniizospheric soil of healthy
finger millet plants and three isolateiz., BVP-1 (Pseudomonas fluorescence),
BVB-2 (Bacillus subtilis-1) and BVB-3 Bacillus subtilis-2) were collected from

Agricultural Research Station,Vizianagaram.

Among twenty six bio agents tested undervitro revealed that the
significant maximum inhibition of mycelium growttv4.54%) was noticed in
BVP-1 followed by BTT (75.56%) and least myceliahibition was noticed in
BJR (11.30%), BPA-2 (16.48%), BLN-2 (26.41%) and BK27.87%) which

showed excess growth overgrisea.

In vitro evaluation of ninesystemic fungicides revealed that complete
inhibition of the test pathogen was observed witBbldconazole 50% +
Trifloxystrobin 25% WG at all the concentrationsted. However, Tricyclazole
75% WP and Carbendazim 50% WP were on par with daiarzole 50% +
Trifloxystrobin 25% WG by completely inhibiting theaycelial growth of the
pathogen.

Compatibility studies among effective fungicidedahio control agent
revealed that, Tebconazole 50% + Trifloxystrbi#@R8VG at 200, 400 and 600
ppm concentrations and Carbendazim 50% WP at 5000 &nd 1500 ppm
concentrations were highly compatible with zero pent inhibition of BVP-1

bacterial growth.

74 lines of finger millet including local check VRO8 were evaluated for
leaf, neck and finger blast disease durd€iwrif 2020 andKharif 2021. Pooled
analysis of leaf blast data indicated that fiveedn(GE-1, GE-5, GE-41, GE-44
and GE-45) were found as highly resistant (1-1.9%dence), 31 lines found
resistant (2-10% incidence), 23 lines were reaetednoderately resistant (11-

30% incidence) and 15 lines were found to be suidxed31-50% incidence).
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Out of 74 lines, 30 lines were reacted as redigtanmeck blast, 29 lines
shown moderately resistant and 15 lines were rdagesusceptible to neck blast

when compared with check VR 708.

Out of 74 screened lines 20 lines showed modgragdistance (6-25%
incidence), 41 lines with susceptible reaction $886 incidence) and 14 lines
including VR708 showed highly susceptible react{eg®0% incidence) with

82.49% incidence to finger blast incidence.

Correlation analysis between severity of fingellehblast and in weather
parameters was found and the relationship betwessase and weather factors
during Kharif 2020 and 2021 for July fSsown crop revealed that significant
positive correlation coefficient was observed bewealisease with minimum
temperature (0.991), maximum relative humidity @00 rainfall (0.991) and
rainy days (0.970). The disease also have negativefficient correlation with

maximum temperature (-0.624) and minimum relativeidity (-0.986)

The multiple linear regression equation was fitiethe data and equation
arrived for the weather parameters was Y= 10935(b293X%-2.458%-
271.641%-2.729X%+1.874%-3.640%. Where X- maximum temperature (°C),
Xo- minimum temperature (°C), sX maximum relative humidity (%), X

minimum relative humidity (%), ¥ rainfall (mm) and X%- rainy days.

Significant positive correlation with minimum teemature (0.985),
maximum relative humidity (0.987), rainfall (0.98&)d rainy days (0.974). The
negative correlation was observed with maximum tnapre (-0.707) and
minimum relative humidity (-0.979) for July 8&own crop with multiple linear
equation fitted to the data and equation arrived Wa-22276.287-1.952X
348.335%+407.014%+0.216X%-0.431%+2.909%.

The influence of weather parameters and PDI duAng 15" Kharif
2020 and 2021. The correlation studies revealed #hgnificant positive
correlation coefficient was observed between deseadth minimum temperature
(0.993), maximum relative humidity (0.992), raihf&0.994) and rainy days
(0.977). The disease also have negative co-efti@errelation with maximum

temperature (-0.722) and minimum relative humi¢i6/987).
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The multiple linear regression equation was fitiethe data and equation
arrived for the weather parameters was Y= 10935:5308X+6.564%-
156.362%+0.284X%+4.209%-0.175X%. Where X- maximum temperature (°C),
X2- minimum temperature (°C), 3X maximum relative humidity (%), X
minimum relative humidity (%), ¥ rainfall (mm) and X%- rainy days. Blast
disease severity was shown to be higher duringeidmdy planting window,
possibly due to comparatively high relative hunyditainfall, and a greater

number of rainy days, all of which favor diseasealepment.

The efficacy of fungicide and bacterial bio-cohtagents were used in
IDM of finger millet blast at S.V. Agricultural Clelge, Tirupati duringKharif
2021, revealed that significant lowest PDI of Ibk#st (10.25%) was recorded in
treatment (¥) with highest (86.53%) disease reduction over mnEollowed by
Tg with 12.83% leaf blast incidence with 83.14% dsseseduction over control.
Significant lowest neck blast (11.64%) was recoritied; with highest (83.98%)
disease reduction over control. Which was followsd Te with neck blast
(15.29%) disease incidence and 78.97% disease treduaver control. The
evaluation of fungicides and bio agents on fingdasb revealed that the
significant lower finger blast (8.06%) incidencesnacorded in Twith 89.43%
disease reduction over control. Which was followgdls and T with 14.32 and
15.18% disease incidence and 81.22 and 80.09%séigeduction over control

respectively, which are significantly on par withclé other.

With respect to yield, the maximum yield was relat in & with 17.35
g/ha followed by & with 16.89% g/ha vyield.

Integrated disease management of finger millestidaringKharif 2021
at Vizianagaram, revealed that treatmentsiiowed the best result in terms of
significant reduction in disease incidence of Ibk#sti.e. 8.84% with 89.95%
disease reduction over control, followed by wWith 11.42% disease incidence
with 86.46% disease reduction over control. Treatmd&; was showed
significant reduction in disease incidence of nétkst (10.12%) and 88.20%
disease reduction over control which was signifilgaon par with & and T with
12.03 and 13.32% neck blast incidence and 85.984mV'% disease reduction
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over control. Significant lower finger blast (9.88%as reported in Awith
88.60% disease reduction over control. Which wiélsvied by T with 11.76%

finger blast incidence and 86.43% disease reductien control.

With respect to yield, treatment Was reported 15.68 g/ha yield followed
by T8 with 14.76 g/ha yield. The treatmentsahd T reported 13.87 and 12.75
g/ha. However the treatments, Tz and T reported 9.35, 8.95 and 8.21 g/ha.
The treatment T4 reported lowest 7.35 g/ha whenpeoed with untreated
control (7.67 g/ha) (d).

Futureline of work

> Influence of weather parameters on disease developwmill be used in
developing forecasting model, which allows the pr#oh of probable
increase in disease intensity, allowing if, wherd avhere a particular
disease management practice should be applied.

» The potentiality of native bacterial bio-controleag undernn vitro may
helps to study the mechanism against pathogen.

» Studies on genes that confer resistant and modleratstant reaction in
genotypes against leaf, neck and finger blast dusaneening.

» Finding out the defense mechanism, which acts blehighly resistant

genotypes obtained during screening experiment.
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APPENDIX -1

BUFFERS AND STOCK SOLUTIONS

DNA Extraction Buffer

2 % (w/v) CTAB (Genei) : 10 g

100 Mm Tris HCI, pH 8.0 : 100 ml of 0.5 M Tris HGH8.0)

20 mM EDTA, pH 8.0 : 20 ml of 0.5 M EDTA (pH 8.0)

1.4 M NaCl : 140 ml of 5 M NaCl

PVP (Sigma) : 5 g

3 — Mercaptoethanol : 290 pl

All the above ingredients except CTAB were added réspective
guantities and final volume was made up to 500 it wouble distilled water,
the solution was autoclaved. The solution was adbwto attain room

temperature and 10 g of CTAB was dissolved by seestirring, stored at room

temperature.
1 M Tris-Hcl (pH 8.0)

30.28 g of Trizma base (Qualigens, FW = 121.143 diasolved in 200
ml of distilled H20. The pH was adjusted to 8.0hmtoncentrated HCI (about
10.5 ml). The solution was allowed to cool to rotemperature (25°C) before
making final adjustment of the pH. The volume d&f 8olution was adjusted to a

total of 250 ml with distilled water and was steed by autoclaving.
0.5 M EDTA (pH 8.0)

46.53 g of disodium ethylene diamine tetra acet&i@TA) dihydrate
(Qualigens, FW = 372.2) was added to 200 ml ofileidtwater and was stirred
vigorously with a magnetic stirrer by slowly addiNgOH pellets till most of the
EDTA crystals disappear. The pH was adjusted toa8td 1N NaOH. The total
volume was made up to 250 ml with distilled waterd avas sterilized by

autoclaving

142



5 M NaCl

73.05 g NaCl (Qualigens, FW = 58.44) was dissolued200 ml of
distilled HO. The total volume was adjusted to 250 ml withiliksl H-O and

Sterilized by autoclaving
RNase (20 mg/ ml)

20 mg of RNase (Sigma) was dissolved in §06f double distilled water
+ 500ul of 50% Glycerol (Qualigens) and the solution aated at 95°C for 10

min and stored at -20°C.
Phenol: Chloroform: Isoamyl alcohol (25:24:1)

Equal parts of equilibrated phenol and Chlorofosmaimyl alcohol (24:1) were

mixed and stored af@

Staining solution

5 ul of Ethidium bromide (10 mg/ml) is added to 200@hwater to stain the gel.
10 X TBE buffer

Tris base : 108 g

Boric Acid : 55 g

EDTA:9.3¢g

Dissolve in 1000 ml distilled water

Ethidium bromide: Stock 20 mg/ml can be prepared by dissolving 1 dm o

ethidium bromide in 50 ml of water

Bromophenol blue dye(0.0025% bromophenol blue in 40% sucrose). This dye
was to be used in the ratio of 1:6 (Dye: DNA saunji

TE buffer (pH 8.0)
1M Tris HCI : 1000 pl
0.5M EDTA : 200 pl

Sterile Distilled water : 100 ml
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Meteorological Data:

APPENDIX - 11

= B I~ O

Table 1: Standard meteorological data during the p growth period in Kharif
2020 at Vizianagaram
Temperature R(_elgtivcg Number
Standard Date and Month humidty (%) Rainfall | of Rainy
week Max | Minec) | Max | Min | (mm) | days
(°C)
29 9 July-15 July 32.00 30.29 86.71 65.71 6.80 1
30 16 July-22 July 30.43 29.86 84.57 54.14 0.00 0
31 23 July-29 July 31.29 29.43 81.57 52.00 4.90 2
32 30 July-5 Aug 4.57 4.33 12.39 9.39 19.45 1
33 6 Aug-12 Aug 30.29 29.43 85.71 72.71 46.00 3
34 13 Aug-19 Aug 29.71 29.00 86.86 67.57 4.50 2
35 20 Aug — 26 Aug 30.57 29.57 88.29 66.29 15.00 2
36 27 Aug — 02 Sep 31.43 29.57 83.71 56.71 5.00 1
37 03 Sep — 09 Sep 31.57 30.00 84.14 52|86 0.00
38 10 Sep — 16 Sep 30.86 29.00 88.14 66(71 99,20
39 17 Sep — 23 Sep 30.86 29.57 87.p9 63|57 8.00
40 24 Sep — 30 Sep 30.43 29.29 86.57 54{57 30.00
41 01 Oct — 07 Oct 29.14 29.14 88.43 72.29 32.40 3
42 08 Oct — 14 Oct 29.43 28.57 87.71 71.43 95.p0 3
43 15 Oct — 21 Oct 29.29 28.14 83.57 71.00 57.40 3
44 22 Oct — 28 Oct 29.00 27.43 78.14 56.43 0.00 0
45 29 Oct — 04 Nov 30.14 25.14 81.57 38.71 0.g0 0
46 05 Nov — 11 Nov 28.86 24.86 66.00 43.00 2.00 0
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Table 2: Standard meteorological data during the ip growth period in Kharif
2021 at Vizianagaram
Standard Temperature huri%igv(% %) | Numb er
week Date and Month . i . Rainfall odeaalsny
0) ey | Max | Min (mm) y
29 16 July-22 July 32.00 29.86 86.1457.57 0.60 0
30 23 July-29 July 30.29 29.84§ 83.1462.71 2.00 0
31 30 July-5 Aug 32.57 30.000 80.8653.43 2.20 1
32 6 Aug-12 Aug 33.57 30.14| 84.%760.43 5.07 2
33 13 Aug-19 Aug 29.29 27.86| 90.8670.57 30.80 7
34 20 Aug — 26 Aug 30.29 29.29 89.11468.29 2.80 1
35 27 Aug — 02 Sep 28.86 28.29  89(7178.43 15.30 6
36 03 Sep — 09 Sep 29.71 28.14  87.430.43 25.40 3
37 10 Sep — 16 Sep 30.48 29.00 89.863.00 10.27 2
38 17 Sep — 23 Sep 31.5} 28.71  88.487.71 2.67 1
39 24 Sep — 30 Sep 28.28 27.78  93.10@8.05 31.63 4
40 01 Oct — 07 Oct 28.57 28.14 82,572.71 20.14 3
41 08 Oct — 14 Oct 29.67 28.48 88.6169.80 15.46 2
42 15 Oct — 21 Oct 30.14 27.57% 775754.14 0.53 0
43 22 Oct — 28 Oct 27.29 27.0( 81.[7164.29 22.42 3
44 29 Oct — 04 Nov 29.29 29.5( 76.1758.29 1.83 1
45 05 Nov — 11 Nov 30.43 30.29 78.1470.71 6.10 3
46 12 Nov — 18 Nov 30.71 29.00 74.5768.71 1.11 1
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Abstract

Finger millet blast caused by Pyricularia grisea is a major yield limiting factor in finger millet growing
areas of Andhra Pradesh. A roving survey was conducted to assess blast disease incidence in finger millet
crop during Kharif 2020 in Andhra Pradesh. The highest PDI of finger millet blast was noticed in fields
of Salur village (59.20%) of Salur Mandal in Vizianagaram district and the least disease incidence was
recorded in Somidevipalle village (5.02%) of Racherla mandal of Prakasam district. It was concluded
that, maximum incidence in Vizianagaram district might due to monocropping, prevalence of congenial
micro climate and existence of initial inoculum.

Keywords: Blast disease, per cent disease incidence, disease survey, inoculum, finger millet

Introduction

Finger millet is a small-grained cereal grown in dry and semi-arid regions of East and South
Africa, as well as Southern Asia (Jenkins et al, 1982; Dida et al, 2007; Upadhyaya et al, 2007,
Waghunde et al, 2013; Jegan, 2015; Negi et al, 2015; Thilakarathna and Raizada, 2015;
Kumar et al, 2016; Gupta et al, 2017) [6: 1. 19:20. 5,12, 18, 8, 4] Ttg seed is rich source of protein,
iron, calcium, phosphorus, glucose, zinc, and gluten-free amino acids such methionine,
leusine, isoleusine, and phenylalamine. (Kumar et al, 2016) ®l. With all these benefits, finger
millet is affected by many diseases such as root rot, smut, streak, mottling virus and blast
disease. E. coracana is tolerant to most of these diseases however blast disease is the most
devastating and destructive leading to losses in yield and poor utilization by farmers
(Ramakrishnan et al, 2016) [14],

Finger millet blast disease, caused by Pyricularia grisea is the most economically important
disease of finger millet (Mgonja et al, 2007) [1%). It is known to cause significant losses in yield
and utilization of finger millet. Worldwide losses of above 50% yield have been reported in
finger millet and above 30% in rice production (Esele, 2002; Prajapati ef al, 2013) > Bl In
India, an increase in 1% infection in the neck and finger results to a corresponding increase of
0.32 and 0.084% in yield losses and grain losses of 6.75 to 87.5%, respectively (Rao, 1990)
U151, Effect on the panicle on susceptible genotypes is drastic and may lead to total seed loss of
entire finger millet crop (Gashaw et al, 2014) B, Muimba-Kankolongo (2018) 'l reported that
favorable weather conditions (temperature of 25 °C and 80% humidity) precedes infection of
blast diseases, which starts when a three celled conidia lands on a leaf surface. This leads to
formation of an appressorium which later forms a penetration peg, punctures the cuticle
allowing entry to the epidermis. Formation of lesions then follow which later spreads to the
whole plant through the epidermis forming diamond shaped grey lesions with brown or black
margins. Infection from the leaves begins from the tip backwards. The disease has a wide
range of hosts especially grasses and sedge species including rice (Oryza sativa), wheat
(Triticum aestivum), pearl millet and foxtail millet (Setaria italica). Blast affects production
and utilization of these crops leading to a substantial decrease in production in Southern Asia,
Eastern and Southern Africa (Takan et al, 2012) [17],
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Material and Methods

Roving survey was conducted for the incidence of finger
millet blast during Kharif 2020 in major finger millet growing
districts of Andhra Pradesh viz,, Kadapa, Chittoor,
Anantapuram, Kurnool, Prakasam, Guntur and Vizianagaram.
Each district was divided into two mandals, in each mandal
three villages are selected. In each village three fields were
chosen for the study. Observations on soil type, farming
situation, varieties and disease incidence were recorded in one
square meter area randomly in each field.

The data was recorded based on occurence of blast in
observed fields was expressed as Per cent Disease Incidence
(PDI).

Diseased hills observed

PDI = %100

Total No. of hills observed

Result and discussion

The detailed survey was undertaken in different regions of
Andhra Pradesh to gather information on per cent disease
incidence and spread of Pyricularia grisea causing blast
disease of finger millet in different locations. This
information is highly useful to identify the hot spots of this
disease in Kadapa, Chittoor, Anantapuram, Kurnool,
Prakasam, Guntur and Vizianagaram (Fig.1) where finger
millet is extensively grown as a major crop. From the survey
it was evident that the disease severity varied from one
locality to another based on the soil type, farming situation
and varieties used.

Among the seven districts surveyed, highest mean Per cent
Disease Incidence (PDI) 56.31% was recorded in
Vizianagaram district. It was followed in Chittoor, Kadapa
and Kurnool, with mean Per cent Disease Incidence of 42.71,
22.27 and 20.45%, respectively. The lowest mean disease
incidence 7.54% was recorded in Prakasam district followed
by Anantapuram (19.37%) and Guntur (19.68%) districts
(Table 1).

The highest mean blast incidence 56.63% was recorded in
Salur mandal of Vizianagaram district in a range of 53.86-
9.20% incidence which was followed by Kurupam mandal of
Vizianagaram district with 55.99% mean PDI in a range of
54.63% to 57.56%. However, the mean PDI in Palamner
mandal was 53.41% with range of 49.25 to 57.52%, Kuppam
mandal (32.00% with range of 29.45 to 33.78%), Pattikonda
mandal (27.92% with range of 24.32 to 33.23%), Veldurthi
mandal (24.54% with range of 12.28 to 48.21%), Gudibanda
mandal (23.31% with range of 17.78 to 28.96%), Vallur
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mandal (22.81% with range of 8.05 to 49.23%) and
Kamalapuram mandal (21.73% with range of 15.03 to
30.13%) of Kadapa district. Peapully mandal (12.97% with
9.09 to 15.54%), Madakasira mandal (15.43% with 11.01 to
18.14%) and Macherla mandal (14.81% with 11.13 to
17.24%) of Guntur district. The lowest PDI of 7.30% with
5.02 to 9.01% was noticed in Racherla mandal which was
followed by Komarolu mandal (8.04% with 5.85 to 9.21%) of
Prakasam district (Table 2).

The highest PDI of finger millet blast was noticed in fields of
Salur village (59.20%) of salur mandal, least was noticed in
Kurmarajupeta (53.86%) in Vizianagaram district. In Chittoor
district, maximum incidence of blast was noticed in Palamner
village of Palamner mandal (57.52%) and least incidence was
noticed in Palarlapalle (29.45%). In Kadapa district highest
incidence of blast was observed in Lingayapalle village
(49.23%) of Vallur mandal and least was observed in Goturu
village (8.05%) of Vallur mandal. In Kurnool district,
maximum incidence of blast was noticed in Chakrarala village
(33.23%) of Pattikonda mandal and least was in Pothidoddi
village (9.09%) of Peapully mandal. In Guntur district
maximum disease incidence was noticed in Gundlapadu
village (48.21%) of Veldurthi mandal and least disease
incidence was recorded in Koppunur village (11.13%) of
Macherla mandal. In Anantapuram district highest disease
incidence was noticed in Gudibanda village (28.96%) of
Gudibanda mandal and least disease incidence was recorded
in Haresamudram village (11.01%) of Madakasira mandal.
While, in Prakasam district maximum disease incidence was
recorded in Komarolu village (9.21%) of Komarolu mandal
and least was in Somidevipalle village (5.02%) of Racherla
mandal (Table 3). The present results were in agreement with
the findings of Rao (1990) 5 surveyed in eight locations of
Bangalore, Kolar and Tumkur districts in Karnataka, and
reported that an increase of 1% infection in neck and finger
resulted in a corresponding increase of 0.32 and 0.084% yield
loss and 6.75 to 87.5% loss in grain yield. Similarly, Kumar et
al. (2005) ) who reported the maximum neck (13-16%) and
finger blast (42-55%) incidence in surveyed locations of
Tumkur district of Karnataka. The same way Senthil et al.
(2012) also reported that the finger millet blast was the most
devastating disease affecting different aerial parts of the plant
at all stages in Tamil Nadu (India). Prajapati (2013) 3
surveyed in different locations of Gujarat and reported the
loss of 35.78 grain yield and 43.72 per cent fodder yield due
to the blast disease. Kaurav et al. (2017) reported 1 to 5.48%
and 3.60 to 13.80% severity of blast disease in major pearl
millet growing districts of Madhya Pradesh during 2015-16
and 2016-17 respectively.
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Fig 1: Map showing surveyed districts of Andhra Pradesh

Kadapa Chittoor Anantapuram Kurnool
1. Vallur 3. Palamner 5. Madakasira 7. Peapully
2. Kamalapuram 4. Kuppam 6. Gudibanda 8. Pattikonda
Prakasam Guntur Vizianagaram
9. Racherla 11. Veldurthi  13. Kurupam
10. Komarolu 12. Macherla  14. Salur

http://www.thepharmajournal.com

Table 1: Finger millet blast incidence in major finger millet growing districts of Andhra Pradesh

SI. No District Range of PDI | District mean PDI
1 Kadapa 8.05-49.23 22.27
2 Chittoor 29.45-57.52 42.71
3 Anantapuram 11.01-28.96 19.37
4 Kurnool 9.09-33.23 20.45
5 Prakasam 5.02-9.21 7.54
6 Guntur 11.13-48.21 19.68
7 Vizianagaram 53.86-59.20 56.31

Table 2: Finger millet blast incidence in major finger millet growing mandals of Andhra Pradesh

SL. No Mandal Range of PDI | Mandal mean PDI

Kadapa
1 Vallur 8.05-49.23 22.81
Kamalapuram 15.03-30.13 21.73
Chitoor
1 Palamner 49.25-57.52 53.41
2 Kuppam 29.45-33.78 32.00
Anantapuram
1 Madakasira 11.01-18.14 1543
2 Gudibanda 17.78-28.96 23.31
Kurnool
1 Peapully 9.09-15.54 12.97
2 Pattikonda 24.32-33.23 27.92
Prakasam
1 Racherla 5.02-9.01 7.03
2 Komarolu 5.85-9.21 8.04
Guntur
1 Veldurthi 12.28-48.21 24.54
2 Macherla 11.13-17.24 14.81
Vizianagaram
1 Kurupam 54.63-57.56 55.99
2 Salur 53.86-9.20 56.63
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Table 3: Survey for the occurrence and distribution of finger millet blast incidence in major finger millet growing areas of Andhra Pradesh

SI. No District Mandals Villages Latitude |Longitude | Varieties | Soil type | Farming situation Per cent dl;g;ze incidence

Lingayapalle 14°34'19" | 78°44'41" | Local |Red loam Rainfed 49.23

Vallur vallur 14°19'59" | 78°25'54" | Local |Red loam Rainfed 11.15

1 Kadapa Goturu 14°33'36" | 78°44'14" Yakula Red loam Ra?nfed 8.05
Kamalapuram 14°35'57" | 78°39'51" | Tirumala | Red loam Rainfed 30.13

Kamalapuram | Ramachandrapuram | 14°39'40" | 78°38'29" | Local |Red loam Rainfed 15.03

T. sadipirala 14°35'08" | 78°37'16" | Local |Red loam Rainfed 20.02

Palamner 13°11'51" | 78°45'22" | Vakula |Red loam Rainfed 57.52

Palamner moram 13°10'21" | 78°41'33" | Vakula |Red loam Rainfed 53.46

5 Chittoor Kurmoi 13°09'57" | 78°44'06" | Vakula |Red loam Ra?nfed 49.25
Gonugur 12°42'54" | 78°19'48" | Vakula |Red loam Rainfed 32.78

Kuppam Jarugu 12°73'55" | 78°16'57" | Vakula |Red loam Rainfed 33.78

palarlapalle 12°42'55" | 78°19'20" | Vakula |Red loam Rainfed 29.45

Govindapuram 13°8828" | 77°19'97" | Tirumala | Red loam Rainfed 17.13

Madakasira Jadrahalli 13°53'34" | 77°15'29 | Vakula |Red loam Rainfed 18.14

3| Anantapuram Haresamudram 13°55'00" | 77°16'03" | Vakula |Red loam Ra%nfed 11.01
Morubagal 13°58'18" | 77°02'12" | Vakula |Red loam Rainfed 17.78

Gudibanda Gudibanda 13°58'13" | 77°06'30" | Local |Red loam Rainfed 28.96

Muthkur 13°58'08" | 77°03'55" | Vakula |Red loam Rainfed 23.19

Peapully 15°14'25" | 77°44'19" | Local |Red loam Rainfed 14.28

Peapully Vengalampalle 15°15'05" | 77°46'06" | Local |Red loam Rainfed 15.54

4 Kurnool Pothidoddi 15°12'19" | 77°43'00" | Vakula |Red loam Ra?nfed 9.09
Pattikonda 15°24'01" | 77°3025" | Vakula |Red loam Rainfed 26.22

Pattikonda Chakrarala 15°23'43" | 77°34'40" | Vakula |Red loam Rainfed 33.23

Juturu 15°29'10" | 77°28'24" | Local |Red loam Rainfed 24.32

Anumulapalle 15°29'09" | 78°58'04" | Vakula |Red loam Rainfed 7.07

5 Prakasam Racherla Racherla 15°27'54" | 78°57'49" | Vakula |Red loam Rainfed 9.01
Somidevipalle 15°27'27" | 79°02'02" | Vakula |Red loam Rainfed 5.02

Taticherla 15°253'04" | 79°02'47" | Vakula |Red loam Rainfed 9.05

Komarolu Chinthalapalli 15°16'41" | 79°03'13" | Local |Red loam Rainfed 5.85

Komarolu 15°15'57" | 78°59'50" | Vakula |Red loam Rainfed 9.21
Veldurthi 16°20'47" | 79°21'50" | Vakula |Red loam Rainfed 13.14

Veldurthi Uppalapadu 16°21'28" | 79°24'05" | Local |Red loam Rainfed 12.28

6 Guntur Gundlapadu 16°21'50" | 79°2021" | Vakula |Red loam Rainfed 48.21
Macherla 16°28'51" | 79°25'46" | Vakula |Red loam Rainfed 17.24
Macherla Kothapalle 16°29'46" | 78°24'30" | Vakula |Red loam Rainfed 16.07

Koppunur 16°29'22" | 79°19'48" | Vakula |Red loam Rainfed 11.13
Gumma 18°95'17" | 83°64'33" | VR 847 |Red loam Rainfed 57.56

Kurupam Sivada 18°91'52" | 83°74'25" | VR 847 |Red loam Rainfed 54.63

7 | Vizianagaram Gummidiguda 18°83'65" | 83°77'45" | VR 847 |Red loam Rainfed 55.78
Neliparthi 18°50'21" | 83°18'45" | VR 847 |Red loam Rainfed 56.82
Salur Salur 18°53'02" | 83°17'85" | VR 847 |Red loam Rainfed 59.20
Kurmarajupeta 18°53'73" | 83°21'15" | VR 847 |Red loam Rainfed 53.86

Conclusion

The survey during Kharif 2020 revealed that the disease was
noticed in varying intensities in seven districts surveyed. The
severity was more in among the seven districts surveyed,
highest mean Per cent Disesease Incidence (PDI) 56.31% was
recorded in Vizianagaram district. It was followed by
Chittoor, Kadapa and Kurnool, with mean Per cent Disease
Incidence of 42.71, 22.27 and 20.45%, respectively. The
lowest mean disease incidence 7.54% was recorded in
Prakasam district followed by Anantapuram (19.37%) and
Guntur (19.68%) districts. The higher incidence of disease in
some locations may due to monoculture of finger millet,
which could be main source for the pathogen. The disease
might have appeared in severe form because of initial
inoculums, build-up also farmer’s practices viz., high amount
of nitrogen applications, improper irrigation also influences
the survival and spread of inoculum and that ultimately led to
highly aggregated damage to the crop.
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