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Executive summary

Pathology programme for the year 2021-22 consisted of applied as well as basic research components. Applied
research dealt with multi-location testing of breeding materials for resistance against sorghum diseases at hot
spot locations. A total 98 improved breeding lines consisting of grain, forage and sweet sorghum and high bio-
mass entries were evaluated against panicle, foliar and systemic diseases in endemic areas (Dharwad,
Coimbatore, Akola, Parbhani, Surat, Hagari, Pantnagar, Udaipur, Hisar and Ludhiana) spread over different
sorghum growing zones. In addition to that 181 selected germplasm were evaluated for diseases resistance.
Basic and strategic research focused on yield loss assessment due to grain mold and anthracnose, anthracnose
population study, and management of ergot with new molecules.

Disease situations: Type of sorghum diseases and their severity differ based on sorghum type and weather
conditions. Disease survey in farmers’ field revealed that grain mold was predominant in Maharashtra, Tamil
Nadu and Telangana. Downy mildew in moderate to severe form was recorded in peninsular region. Sugary
disease (ergot) was reported from Tamil Nadu, Maharashtra and Gujarat in low to moderate intensity. Among
foliar diseases anthracnose, zonate leaf spot and gray leaf spot appeared in moderate to severe form in
Pantnagar, Ludhiana, Udaipur and Hisar on forage. On grain sorghum leaf blight was severe in Maharashtra, and
moderate in Tamil Nadu and Gujarat. Leaf rust was moderate to severe in Karnataka, Tamil Nadu and
Maharashtra. Sporadic incidence of zonate leaf spot, pokkah boeng, smuts, sooty stripe, and gray leaf spots was
also noted in various sorghum growing regions. Among the locations Parbhani, Surat and Pantnagar received
highest rainfall (1100-1600mm) and Dharwad, Coimbatore and Ludhiana (580-840mm) medium and Akola
(243mm) the lowest.

Yield loss due to grain mold: Assessment of avoidable yield loss due to grain mold was carried out with two
hybrids following direct approach with development of graded disease intensity. Grain yield was gradually
decreased as mold score advanced from low of high grade. Per cent avoidable grain yield loss assessed over
fully protected treatment varied from 5.7% (CSH35) to 9.1% (CSH30) at Parbhani, 4.5% (CSH35) to 6.0%
(CSH30) at Akola and 13.2% (CSH30) to 15.2% (CSH35) at Dharwad. However, loss was more under high
disease pressure created by artificial inoculation. The figures were 21.6% for CSH30 and 19.6% for CH35 at
Parbhani, 20.7% for CSH30 and 24.3% for CSH35 at Akola and 37.4% for CSH30 and 31.0% for CSH35 at
Dharwad. Yield loss varied depending on cultivar, location and disease pressure. Seed mass also decreased as
the mold score increased.

Yield loss due to foliar diseases in forage sorghum: Pantnagar successfully conducted the experiment and
results showed that green fodder and grain yield was gradually decreased as foliar disease (anthracnose +
zonate leaf spot) intensity (PDI) advanced from low of high grade. Same trend was observed for 100 seed
weight. Green fodder yield loss varied from 12.5 to 55.9% and grain yield loss from 2.6 to 9.8% depending on
disease intensity and cultivars. Cultivar-wise fodder, grain and seed mass loss ranged from 12.5-31.3%, 2.6-
5.7% and 8-12.6% in CSH4OF respectively. The figures were 22.0-55.9%, 4.3-9.8% and 2.9-6.2% in CSV 32F.
Association between disease intensity and fodder yield was stronger than that between disease intensity and
grain yield

New molecule for ergot management: Ten new molecules of fungicides either alone or in combination were
evaluated on two hybrids CSH30 and CSH41 for efficacy in ergot management at Coimbatore and Surat. All the
treatments significantly reduced ergot incidence and severity in both the locations. T4 (Tebuconazole 25% +
Trifloxystrobin 50% WG) and T5 (Tebuconazole 17.7% + Fluopyram 17.7% SC) were the two most efficient
treatments on both the cultivars and locations. Overall ergot severity was reduced by 76.5% (T4) and 74.3% (T5)
by these treatments.

Colour sorghum for disease resistance: A set of twenty color sorghum germplasm that were promising for
grain mold and foliar diseases during previous years were evaluated further for grain mold and foliar disease
resistance at hot spot locations. The entries CS23, CS24, CS37, CS41 and CS60 were resistant to grain mold.
Entries CS63, CS16-1, CS37, CS02, CS29, CS23, CS41, CS22, CS69 and CS24 were resistant to leaf blight
(<3.0 on a 1-9 scale). Entries CS16-1, CS23, CS68 and CS69 were resistant to rust (<3.0). Entries (CS24, CS28,
CS22, CS13, CS63, CS60, CS29, CS61, CS68, CS17, CS23and CS69) were bold seeded (>2.5 g/100).

National grain mold nursery: Forty-two entries were evaluated at Parbhani, Dharwad, Hagari and Patancheru.
Four entries (ICSGM-23, ICSGM-26, ICSGM-9 and ICSGM-25) recorded resistant reactions €3) to gra in mold
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and others were moderately resistant. Fifteen entries (GMN21-1, 21-2, 21-3, 21-4, KR196, PVK400, ICSGM -26,
19, 27, 30, 29 20, 5 and 1) had seed size greater than 2.5 g/100 (resistant B58586 1.8g and susceptible BulkY
2.1 g). The entries ICSGM-21, ICSGM-22 and GMN21-1 were early flowering (<65 days). In GMN21-1, GMN21-
3 and ICSGM-26 grain mold resistance was combined with greater seed size (2.9 g/100), in semi-compact
panicle, medium plant height and medium duration found to be promising entries.

Downy mildew incidence over sowing windows: There was gradual increase of downy mildew as sowing date
advances from 1st week of July to 39 week of August at Coimbatore. Trend was same during vegetative and
reproductive growth stage on the susceptible genotype DMS652. On the hybrid CSH30 there was no downy
mildew incidence in July and thereafter increasing trend was noted. At Dharwad, however, the trend was different
and incidence decreased in both the genotypes as sowing date was advanced.

Land races for disease resistance: A total of 119 sorghum land races were evaluated for grain mold and foliar
diseases resistance in hot spot locations. Late flowering and less rainfall during grain filling to maturity stage
resulted in disease escape for gain mold at Akola. Anthracnose and zonate leaf spot were moderate to severe at
Pantnagar (anthracnose range 4.0-6.3; mean and zonate leaf spot 4.5-6.8, mean 4.8). No entry was resistant
and most of the entries were moderately resistant or susceptible for anthracnose and zonate leaf spot. Only four
entries (SR101PD, SR102PD, SR103PD and SR178PD) recorded foliar disease less than 4.8 on a 1-9 scale.

Anthracnose population study: Anthracnose leaf samples were collected from Coimbatore, Ludhiana, Akola,
Parbhani and Surat centres during kharif 2021-22. A total of 26 cultures (12 from Pantnagar, 9 from Parbhani, 3
from Akola 1 each from Surat and Dharwad) were isolated, purified and established for further use.
Morphological and cultural characters of the isolates have been studied.

Grain mold: Sixty-nine test hybrids and varieties were evaluated. Location severity index for grain mold
indicated that grain mold pressure was severe at Parbhani (5.9), Dharwad (7.1) and Surat (6.6) and moderate at
Akola (3.6) and Coimbatore (3.6). Among the advanced grain sorghum hybrids SPH1942 and SPH1974 (<4.9 on
1-9 scale) and among the varieties SPV2612, SPV2780, SPV2781 and SPV2786 (<4.5) were most promising for
grain mold resistance. Among initial grain sorghum hybrids SPH2003 and SPH2004 (<4.5) and varieties
SPV2862, SPV2874 (<4.5) were promising. Sweet sorghum hybrid SPH2009 and varieties SPV2894, SPV2795,
SPV2889 and SPV2893 (<4.5) were promising for grain mold resistance.

Downy mildew: Test entries for grain and sweet sorghum consisting of five trials (AVHT, IHT and IVT for grain
sorghum) were evaluated for downy mildew resistance in sick-plot. Disease pressure was moderate. Among the
test hybrids SPH1938, SPH1943, SPH1939 SPH1999, SPH2000, SPH2001, SPH2003 and SPH2004 and
varieties SPV2862, SPV2863, SPV2870, SPV2872, SPV2873 and SPV2876 were promising (<5%).

Sugary disease/ Ergot: Low to moderate incidence of sugary disease (ergot) was recorded from Coimbatore
and Surat. Incidence was highly sporadic and no significant differences were observed among the entries.
Among the test hybrids SPH1942, SPH1939, SPH1938, SPH2000, SPH2001, SPH2002, SPH2003, SPH2004
and test varieties SPV2773, SPV2780 and SPV2781 were promising.

Foliar diseases: Anthracnose, zonate leaf spot, leaf blight, rust, and sooty stripe were common leaf diseases on
forages sorghum. Forage hybrids SPH1967, SPH1933, SPH1966, SPH1934, SPH1994, SPH1995, SPH2006,
SPH2007, SPH2008 and varieties SPV2797, SPV2704, SPV2800 and SPV28%9.Q) were promising for

anthracnose resistance and SPH1934, SPH1967, SPH1994, SPH1933, SPH1993 and SPV2800 (<4.0) for
zonate leaf spot. Entries SPH1933, SPH1967, SPH1934, SPH1997, SPH1966, SPH1995, SPH1985, SPH2007,
SPV2882, SPH2006 and SPH2008 were promising for leaf blight and SPV2705 and SPV2797 for rust resistance.

Publications: The group published 36 publications including 9 journal articles, 2 books, 4 book chapters, 6
popular article 1 training manual, 3 extension Bulletin, 9 conference paper and 2 reports during 2021-22.

Recognitions: Scientists from different centres participated in regional and national symposia. Dr Chattannavar
served as HoD of Plant Pathology, acted as member BoS, UAS Dharwad, and guided M. Sc & Ph D students.
Dr. Vikram Gholve received letter of appreciation from VC VNMKV Parbhani, for establishment Bio-agent
Production Unit, he received best poster award in IPS National Symposium, acted as Co-chairman of Poster
presentation. Dr A Sudha got oral presentation award in an International conference. Dr Yojendra Singh
contributed as Rapporteur in International e-conference.
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Detailed report

|. Disease situations

Kharif sorghum is usually grown for grain, forage as well as sweet stalks in different parts of India that are mainly
cultivated in the states of peninsular India (Tamil Nadu, Karnataka & Telangana), Central and Western India
(Maharashtra, Parts of Gujarat Madhya Pradesh and Rajasthan) and in parts of North India (Uttarakhand, Uttar
Pradesh, Haryana and Punjab). Type of sorghum diseases and their severity differ based on the type of sorghum
grown and also weather conditions during crop growing periods. Weather conditions varied over locations.
Among the locations Parbhani, Surat and Pantnagar received highest rainfall (1100-1600mm) and mean relative
humidity (>80%) during cropping period (June-November) (Fig. 1, & annexure-l). Rainfall was moderate at
Dharwad, Coimbatore and Ludhiana (580-840mm) and lowest at Akola (243mm).
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Fig. 1. Weather conditions during kharif (June-November, 2021) at different sorghum locations

Survey conducted on disease incidence in farmers’ fields at different sorghum growing regions in the country is
presented in annexure-Il. Observations are summarised below;

(A) Peninsular India

Karnataka: This peninsular region generally attracts almost all the foliar and panicle diseases of sorghum. This
season downy mildew incidence (mean 4.4%, range 2-5%) and grain mold severity (~3.5 on 1-9 scale) was low
to moderate (Table S1). Rust was moderate (3.4) followed by traces of leaf blight (1.5), and grain smut in this
region. Tamil Nadu: Major diseases observed in this region were downy mildew (11.7%) and incidence ranged
from 0-29% in farmer's field. Grain mold severity was moderate (5.5 in 1-9 scale) in farmers’ field and
experimental plots. Ergot (~8%) and grain smut (~4%) were observed in low to moderate intensity. Rust
incidence was moderate (~4). Minor incidence of other foliar diseases such as leaf blight (3.0), anthracnose (2.8)
and zonate leaf spot (2.5) appeared on forages as well as grain sorghum. Telangana: Grain mold was common
in this region and intensity was severe (3.0-8.0) in these areas. Incidence of foliar diseases viz., anthracnose
and zonate leaf spot was moderate to severe in experimental plots. Moderate incidence of pokkah boeng was
noted in the experimental plots.

(B) Central & Western States

Maharashtra: In Maharashtra grain mold severity was moderate to high and foliar disease incidence was low to
high. In Vidarbha region including Akola, Buldana, Amravathi and Wasim district grain mold incidence was
moderate (~5). Among foliar diseases leaf blight was moderate (3.6) and sooty stripe (2.2) and anthracnoses
were low in farmers’ field on many local varieties and hybrids. In Marathawada region including Gangakhed,
Parali, Renapur, Parbhani, Ambajogai, Udgir and Ahmedpur grain mold incidence was moderate to high (5.2) in
farmers’ field. Among foliar diseases anthracnose (4.8) and leaf blight (4.8) were moderate to severe and zonate
leaf spot (3.6) and rust (3.2) appeared in low-moderate intensity. Among other diseases low incidence of ergot
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(4.2%) and pokkah boeng (1.5%) were reported on many local varieties and hybrids. Gujarat: Grain mold, ergot,
anthracnose and leaf blight incidence in different sorghum growing areas of this state are common. Moderate
incidence of grain mold (3.5), anthracnose (3.3), leaf blight (3.0) and low incidence of ergot (~2%) were reported
on sorghum in farmers’ field.

[E
o

B Downy mildew B Grain mold M Leaf diseases

(0]

DM (%)/ GM & LD (1-9)
D

Peninsular India Central & West North India

Fig 2. Downy mildew, grain mold and foliar disease situations in different parts of India, kharif 2021

Uttarakhand: Disease survey was conducted at farmers’ field in Udham Singh Nagar, Haridwar and Dehradun
districts of Uttarakhand on improved and local cultivars, which were mostly grown for forage purpose.
Anthracnose (6.7) and zonate leaf spot (7.4) appeared in severe forms at farmers’ field. Severity of these
diseases was more on local cultivars. Punjab: The region is known for sorghum as forage crop and presence of
high humidity attracts many foliar diseases on this crop. Major leaf diseases observed were grey leaf spot (3.9)
anthracnose (3.3) and zonate leaf spot (1.3) where grey leaf spot was dominating. Haryana: Moderate incidence
of gray leaf spot (4.1), sooty stripe (4.3) and anthracnose (3.9) were reported in the experimental plots.
Rajasthan: Low to Moderate incidence of anthracnose (4.0), zonate leaf spot (2.6) and gray leaf spot (3.1), were
reported in the experimental plots.

(C) Northern States

Table S1: Summary of disease situation in Farmers’ field in sorghum growing states

State Inciden | SDM Ergot Smut Pok Grain | Anthracn | ZLS Leaf Rust Sooty Grey
ce (%) (%) (%) boeng mold ose (1-9) | (1-9) | blight | (1-9) stripe LS (1-
(%) (1-9) (1-9) (1-9) 9)
Maharashtra Mean - 42 - 15 5.2 48 3.6 48 3.2 - -
(Marathwada) Range - 0-7 - 0-4 3-8 2-8 2-6 3-7 1-5 -
Maharashtra Mean - - - - 5.0 1.6 - 3.6 - 2.2
(Vidarbha) Range - - - - 4-7 1-3 - 1-6 - 1-5
Tamil Nadu Mean 11.7 8.1 4.0 - 55 2.8 25 3.0 3.8 -
Range 0-29 0-28 0-31 - 3-7 2-4 1-5 1-5 1-5
Karnataka Mean 44 - - - 315 - - 15 34
Range 2-4 - - - 1-4 - - 1-3 1-7
Gujarat Mean - 2.0 - - 35 3.3 - 3.0 -
Range - 0-4 - - 1-4 2-4 - 2-4
Telangana Mean 1.0 - 1.0 2.0 5.2 35 35 -
Range 0-3 - 0-2 0-3 3-8 1-5 14
Uttarakhand Mean - - - - - 6.7 74
Range - - - - - 6-7.5 7-8 - - - -
Punjab Mean - - - - - 33 13 - - - 39
Range - - - - - 1-7 1-3 - - - 1-7

In brief, among panicle diseases grain mold was predominant in Maharashtra, Tamil Nadu and Telangana and
ergot in Tamil Nadu, Maharashtra and Gujarat. Downy mildew in moderate to severe form was noted in
peninsular region. Among foliar diseases anthracnose and zonate leaf spot were moderate to severe in
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Uttarakhand, Rajasthan and Maharashtra. Leaf blight was moderate in Maharashtra, Tamil Nadu, and Gujarat
and rust in Tamil Nadu, Karnataka and Maharashtra. Grey leaf spot was common in Punjab, Rajasthan and
Haryana. Sporadic incidence of grain smut, pokkah boeng and sooty stripe was also noted in various sorghum
regions.

Il. Yield loss assessment due to grain mold

Field experiments were conducted with two sorghum hybrids (CSH30 & CSH35) at Parbhani, Akola and
Dharwad for assessment of avoidable yield loss due to grain mold in kharif sorghum. Direct approach for loss
assessment was followed with development of graded disease intensity. Following treatments were designed for
graded disease development.

Treatments: T1 (Fully protected) = No grain mold (Three sprays of Propiconazole 25% EC @ 1 ml/ L, at the
beginning of flowering, 20 days after flowering, and 35 days after flowering) (10 panicles should be bagged for 2
days after treatment). T2 (Fully unprotected) = Expect up to 30% mold intensity (which commonly occur under
normal weather conditions). T3 (Graded mold development) = 31-50% mold intensity (One spray of mixture of
grain mold spores at 40 days after flowering). T4 (Graded mold development) = 51-70% mold intensity (Two
sprays of mixture of grain moldspores- first at 38 days and second at 40 days after flowering). Design: RBD with
4 replications; Plot size: 5 rows of 4 m each.

Sampling and data recording: Twenty plants, which were free from any kind of foliar diseases and insect pest
attack, were randomly selected per plot for data recording at normal maturity stage (~50 days after flowering)
with following plot-wise criteria. Twenty selected panicles were kept in one place and panicle grade mold score
(PGS) for each panicle was recorded individually. Thereafter plot-wise threshing of panicles was done and
threshed grade mold score (TGS), 100 seed weight, and grain yield were recorded.

Results: Results showed that grain yield was gradually decreased as mold score advanced from low of high
grade (Fig 3). At Parbhani distinct disease grades were developed over treatments and mold score ranged from
2.910 9.0 in CSH30 and 2.7 to 9.0 in CSH35. Corresponding grain yields (g/20 plants) were 701 & 549 in CSH30
and 670 and 539 in CSH35. Per cent avoidable grain yield loss assessed over fully protected treatment varied
from 5.7% (CSH35) to 9.1% (CSH30) at Parbhani. At Akola range of disease grades developed was narrow as
mold score varied from 3.0 to 6.2 for both CSH30 and CSH35. Corresponding grain yields (g/20 plants) were 644
& 513 in CSH30 and 837 and 633 in CSH35. Per cent avoidable grain yield loss varied from 4.5% (CSH35) to
6.0% (CSH30). At Dharwad range of disease grades developed was narrow as mold score varied from 5.5 to 8.5
in CSH30 and 5.1 to 9.0 in CSH35. Corresponding grain yields (g/20 plants) were 833 & 521 in CSH30 and 895
and 614 in CSH35. Per cent avoidable grain yield loss varied from 13.2% (CSH30) to 15.2% (CSH35). However,
loss was more under high disease pressure created by artificial inoculation. The figures were Parbhani (21.6%
for CSH30, 19.6% for CH35); Akola (20.7% for CSH30, 24.3%for CSH35); and Dharwad (37.4% for CSH30,
31.0% for CSH35). Therefore, yield loss varied depending on cultivar, location and disease pressure. Seed mass
also decreased as the mold score increased.
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Fig. 3. Effect of grain mold severity on grain yield during kharif 2021
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lll. Yield loss assessment due to foliar diseases in forage sorghum

Field experiments were conducted with two forage cultivars (CSH40F & CSV30F) at Pantnagar and Udaipur for
assessment of avoidable yield loss due to foliar diseases in forage sorghum. Direct approach for loss
assessment was followed with development of graded disease intensity. Following treatments were designed for
graded disease development.

Treatments:

T1= No foliar disease (Two sprays of Propiconazole 25% EC @ 1 ml/ L, at 40 and 60 DAS); T2= Up to 30% foliar
disease intensity (Natural disease development); T3= 31-50% foliar disease (One spray of mixture of spores of
anthracnose and zonate leaf spotat 40 DAS); T4= 51-70% foliar disease (Two sprays of mixture of spores of
anthracnose and zonate leafspot - first at 40 and second at 50 DAS). Design: RBD with 4 replications; Plot size:
5 rows of 4 m each: Spacing: 45 cm row to row, and 5 cm plant to plant.

Sampling and data recording:

In each plot, 40 plants free of insect pests attack were randomly selected and tagged in the three inner rows
(leaving boarder rows) during flowering stage keeping in mind the representative disease severity of the plot as
follows; for T1 plots plants showing no foliar disease (fully protected); for T2 plots plants showing around 30%
leaf area damage due to foliar diseases; for T3 plots plants showing around 50% leaf area damage and for
T4 plots plants which shows around 70% leaf area damage.Of the tagged plants 20 were randomly cut 10 days
after flowering and green fodder yield was recorded. Remaining tagged plants were allowed to mature and then
20 plants were harvested, grain threshed and grain yield and seed weight recorded.

Results:

Results showed that green fodder and grain yield was gradually decreased as foliar disease (anthracnose +
zonate leaf spot) intensity (PDI) advanced from low of high grade. Same trend was observed for 100 seed
weight. Green fodder yield loss varied from 12.5 to 62.6% and grain yield loss from 2.6 to 9.8% depending on
disease intensity and cultivars. Cultivar-wise fodder, grain and seed mass loss ranged from 12.5-31.3%, 2.6-
5.7% and 8-12.6% in CSH40F. The figures were 22.0-62.6%, 4.3-9.8% and 2.9-6.2% in CSV 32F. Association
between disease intensity and fodder yield was stronger than that between disease intensity and grain yield (Fig.
4).
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Fig. 4. Effect of foliar disease intensity on fodder and grain yield of forage sorghum hybrid CSH 40F and
variety CSV 32F during kharif 2021

IV. Identification of new molecules for ergot management

Field experiments were conducted with two kharif hybrids (CSH30 & CSH41) at Coimbatore and Surat for
management of ergot with new chemicals formulations available in the market. Treatment details are given
below;

Design: RBD with 3 replications; Plot size: 4 rows of 4 m each. One row was left blank in between each plot to
minimize drifting of chemical to other plots. The first spray was applied on the flowering panicles at 80% anthesis
and the second one at 15 days after the first spray.

Treatment details

Sr.no. | Treatments (@0.1% ai) Trade Name Active ingredient (%)
T1 Tebuconazole 5.36 W/W Raxil Easy 5.36 %

T2 Hexaconazole 5 % EC Hexadhan Plus 5%

T3 Propiconazol 25 % EC Tilt 25 %

T4 Tebuconazole 25% + Trifloxystrobin 50 % WG Nativo 75 %

T5 Tebuconazole 17.7% + Fluopyram 17.7 % SC Luna 354 %

T6 Metiram 55 %-+pyraclostrobin 5% WG Cabrio Top 60 %

T7 Carboxin 37.5 %+ Thirum 37.5% WP Vitavax Power 5%

T8 Control (No treatment) - -

Observations: Ergot incidence was recorded using a 0-9 scale and ergot severity was calculated as per cent
disease index (PDI). Other observations were grain mold severity (1-9 scale), foliar diseases severity (1-9 scale),
grain yield (Kg/plot) and Plant stand. The observations on foliar disease and grain mold were taken to generate
additional information due to the treatments.

Results:

Ergot: Results showed that all the treatments significantly reduced ergot incidence and severity in both the
locations (Fig. 5). At Coimbatore ergot severity index (DSI) ranged from 11.5-34.7% among treatments with
55.6% in control on the hybrid CSH30 and 3.0-22.3% among treatments with 41.1% in control on the hybrid
CSH41. T4 (Tebuconazole 25% + Trifloxystrobin 50% WG) and T5 (Tebuconazole 17.7% + Fluopyram 17.7%
SC were the two most efficient treatments on both the cultivars. At Surat DSI ranged from 11.2-29.8% among
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Fig. 5. Efficacy of new molecules of fungicides on management of ergot in sorghum, kharif 2021

treatments with 39.9% in control on the hybrid CSH30 and 12.1-27.9% among treatments with 34.0% in control
on the hybrid CSH41. In this location T4 followed by T5 were the two most efficient treatments on both the
cultivars. Overall ergot severity was reduced by 76.5% (T4) and 74.3% (T5) by these treatments. Grain mold:
The treatments also significantly reduced grain mold severity. At Coimbatore grain mold severity ranged from
1.0-4.7 (1-9 scale) among treatments with 6.0 in control on the hybrid CSH30 and 1.0-2.5 among treatments with
5.7 in control on the hybrid CSH41. At Surat mold ranged from 1.3-3.7 among treatments with 6.7 in control on
the hybrid CSH30 and 1.7-2.7 among treatments with 4.7 in control on the hybrid CSH41. Overall mold severity
was reduced by 48% to 78% over control by these treatments. Apart from ergot and grain mold the treatments
also had controlling effects on foliar diseases.

V. Disease resistance in color sorghum

A set of twenty color sorghum germplasm that were promising for grain mold and foliar diseases were evaluated
further for grain mold and foliar disease resistance at hot spot locations including Parbhani, Hagari and
Patancheru. The trial was laid out at RBD with disease resistance and susceptible checks.

Grain mold: Grain mold was recorded at three centres namely Parbhani, Hagari and Patancheru. At Parbhani all
the entries were mold free where susceptible check recorded severe mold (9.0 in a 1-9 scale). At Hagari Mold
score ranged from 4.5-7.0 and few lines were promising (CS23, 24, 37, 41 and 60). At Patancheru all the test
entries were resistant to grain mold (Sus BulkY 7.1). Overall pooled analysis showed that five entries (CS23,
CS24, CS37, CS41 and CS60) were resistant to grain mold) (Table 11.1).

Seed weight and grain hardness: Seed weight (g/ 100) was recorded at Parbhani (2.3), Patancheru (2.4) and
Hagari (2.6). Following entries (CS24, CS28, CS22, CS13, CS63, CS60, CS29, CS61, CS68, CS17, CS23and
CS69) were bold seeded (>2.5 g/100) (Table 11.1).

Foliar diseases: Among the foliar diseases leaf blight and rust were reported on the color sorghum lines at
different locations. The disease severity was scored on a 1-9 rating scale. Leaf blight: Leaf blight incidence
ranged from 2.3-4.7. Following entries were resistant to leaf blight CS63, CS16-1, CS37, CS02, CS29, CS23,
CS41, CS22, CS69 and CS24 (<3.0). Rust: Rust incidence ranged from 2.0-6.0. Following entries were resistant
to leaf rust CS16-1, CS23, CS68 and CS69 (<3.0) (Table 11.1).

Time to flowering: Days to 50% flowering was recorded at Parbhani, Patancheru and Hagari. Location means
varied from 67.0 (Hagari) to 77.9 (Parbhani) days with national mean 73.2 days (Table 11.1). Following ten
entries (CS28, CS17, CS69, CS06, CS68 and CS41) were earliest and flowered in less than 70 days.
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VI. National Grain Mold Nursery

New entries from different AICRP-S centres and [IMR are evaluated for their resistance to grain mold at hot spots
locations. During kharif 2021 forty-two entries (including 2 checks B58586, Bulk Y) were evaluated at Parbhani,
Dharwad, Hagari and Patancheru. Field experiment was conducted in RBD with 2 replications. Each test entry
was sown in two rows of 4 m long and 45 cm apart. Grain mold was scored following 1 to 9 rating scale on
panicles in the field (PGS) and after threshing (TGS). Other grain mold related characters like seed germination,
seed size, days to flowering, plant height and panicle compactness were recorded. Results are presented in
Tables 10.1 & 10.2.

Grain mold severity was low at Parbhani (1.9) and Patancheru (2.4), moderate at Hagari (5.3) and high at
Dharwad (6.3). Based on all India performance four entries (ICSGM-23, ICSGM-26, ICSGM-9 and ICSGM-25)
recorded resistant reactions (<3) to grade mold and others were moderately resistant. Fifteen entries (GMN21-1,
21-2, 21-3, 21-4, KR196, PVK400, ICSGM -26, 19, 27, 30, 29 20, 5 and 1) had seed size greater than 2.5 g/100
(resistant B58586 1.8g and susceptible BulkY 2.1 g). The entries ICSGM-21, ICSGM-22 and GMN21-1 were
early flowering (<65 days). In GMN21-1, GMN21-3 and ICSGM-26 grain mold resistance was combined with
greater seed size (2.9 g/100), in semi-compact panicle, medium plant height and medium duration found to be
promising entries. All the entries will be tested further for drawing conclusion.

VII.  Downy mildew incidence over sowing time

Though field survey gives some idea about natural incidence of the disease it is better to have separate field
experiment under natural field (non-sick) conditions to assess downy mildew incidence on present day cultivars.
With this objective field experiments were conducted at two locations of Dharwad and Coimbatore. One hybrid
(CSH30) and one red grain line susceptible to downy mildew (DMS652) were sown on four windows starting from
June to August. The experiment was laid out in split plot design with sowing window as main-plot and genotype
as sub-plot. Each genotype was sown in 6 rows of 4 m length and replicated 3 times. Downy mildew incidence
was recorded at vegetative (30 DAS) and reproductive (60 DAS) stages. Other parameters like grain yield and
seed mass were also recorded. Results of Coimbatore and Dharwad centres are presented in table below.

At Coimbatore there was gradual increase of downy mildew as sowing date advances from 1st week of July to 31
week of August. Trend was same during vegetative and reproductive growth stage on the susceptible genotype
DMS652. On the hybrid CSH30 there was no downy mildew incidence in July and thereafter increasing trend
was noted. At Dharwad, however, the trend was different and incidence decreased in both the genotypes as
sowing date was advanced (Table S2).

Table S2: Downy mildew incidence at different sowing windows during kharif 2021

. Downy mildew incidence (%)
Genotype Sowing Date Coimbatore Dharwad
30DAS 60DAS Overall 30DAS 60DAS Overall
DMS652 10-Jul 8.7 9.9 9.3 53.5 66.1 59.8
20-Jul 12.5 12.9 12.7 413 46.9 441
5-Aug 11.4 12.5 12.0 17.6 21.1 19.3
20-Aug 15.9 21.1 18.5 - - -
CSH30 10-Jul 0 0 0 26.3 32.8 29.5
20-Jul 0 0 0 13.7 16.7 15.2
5-Aug 0 5.2 2.6 8.8 12.4 10.6
20-Aug 8.2 11.1 9.7 - - -

VIIl.  Evaluation of land races for grain mold and foliar disease resistance

A total of 119 sorghum land races were evaluated for grain mold (Akola) and foliar diseases (Pantnagar)
resistance as part of inter-disciplinary activity during kharif 2021. Most of the entries were late flowering (range
66-108 days, mean 91 days) (Table 12). Only 9 entries flowered in less than 75 days. In general, grain mold
severity was less (range 2.0-4.0, mean 2.9 on 1-9 scale) at Akola, mostly because of late flowering and less
rainfall during grain filling to maturity stage resulting in disease escape (Susceptible ckeck, BulkY 4.0).
Anthracnose and zonate leaf spot were moderate to severe at Pantnagar (anthracnose range 4.0-6.3; mean and
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zonate leaf spot 4.5-6.8, mean 4.8). No entry was resistant and most of the entries were moderately resistant to
susceptible for anthracnose and zonate leaf spot. Only four entries (SR101PD, SR102PD, SR103PD and
SR178PD) recorded foliar disease <4.8.

IX. Studies on anthracnose population

Anthracnose leaf samples were collected from Coimbatore, Ludhiana, Akola, Parbhani and Surat centres during
kharif 2021-22 and sent to Pantnagar for isolate establishment. Samples from Akola, Parbhani and Surat centres
had anthracnose symptoms and isolation was done. However, no anthracnose symptoms were observed in
samples received from Coimbatore and Ludhiana samples. A total of 26 isolate (12 from Pantnagar, 9 from
Parbhani, 3 from Akola 1 from Surat, 1 from Dharwad) were isolated, purified and established for further use.
Morphological and cultural characters of few isolated have been studied (Plate 1).

Plate 1: Sorghum anthracnose (Colletotrichum graminicola) isolates from different locations in India

AICRP Sorghum 6-Sorghum-Pathology Kharif Report-agm22 Page 11 of 32
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X. Evaluation of grain sorghum experimental varieties/ hybrids/ parental lines for resistance to major
diseases

Thirty-seven grain sorghum test entries along with 12 national hybrids and varieties and 6 disease resistant and
susceptible checks consisting of advanced and initial experimental hybrids and varieties in three trials (Advanced
Varietal and Hybrid Trial, Initial Hybrid Trial and Initial Varietal Trial) were evaluated for resistance to grain mold,
downy mildew and foliar diseases in hot spot locations (Akola, Parbhani, Dharwad, Surat, Coimbatore, and
Udaipur) under natural conditions along with susceptible and resistant checks for different diseases. Panicle
grain mold score (PGS) and threshed grain mold score (TGS) were recorded using 1-9 rating scale, where 1 =
no mold and 9= >75% mold infected grains in Zone | and Zone II. Location severity index (LSI) for grain mold
assessed over all the trials in the location indicated that grain mold pressure was moderate to severe across
locations and foliar disease pressure was low-moderate to severe.

Table S3: Grain mold severity index for different locations (LSI)

Location Akola Parbhani Dharwad Surat Coimbatore
AVHT 3.4 6.0 7.1 6.0 3.9
HT 3.8 5.9 6.5 6.8 3.7
VT 35 5.8 7.7 7.0 3.1
LSl 3.6 5.9 7.1 6.6 3.6
Max Score 5.3 9.0 9.0 8.3 6.3
Total observations 213 213 213 213 213

Table S4: Foliar disease incidence in grain sorghum at different locations (1-9 scale)

Trial Anthracnose Zonate leaf spot Leaf blight Rust
SUR | COI | PAR | AKO | COI | PAR | SUR | COI | PAR | AKO | DHR | DHR | COI
AVHT-GS 36 |29 | 41 16 1.9 4.2 31 | 41 | 27 | 21 4.3 15
IHT-GS 37 |18 | 37 24 2.2 3.0 4.3 2.6 38 | 32 | 23 38
IVT-GS 3.6 2.9 2.3 4.2 32 | 36 | 22
LSI 36 | 24 | 36 2.0 2.2 24 4.2 29 37 | 32 | 22 4.1 15

1. Advanced Varietal and Hybrid Trial (AVHT-GS)

AVHT-GS trial was comprised of total 28 entries. They included 14 test entries, 8 hybrid and varietal checks, one
local check from respective centre and 5 pathology checks for comparing disease reactions.

Grain mold: Trials were laid at six locations (Parbhani, Akola, Surat, Dharwad, Coimbatore and Udaipur) and
disease pressure was moderate to high. Grain mold was reported from five centres namely Akola, Parbhani,
Dharwad, Coimbatore and Surat. Location severity index (LSI) for grain mold were 3.6 (Akola), 5.9 (Parbhani),
7.1 (Dharwad), 3.6 (Coimbatore) and 6.6 (Surat).

Panicle grain mold score (PGS): PGS or field grain mold score (FGS) is important for assessing genetic
resistance against grain mold in an entry and it was reported from Parbhani, Akola, Dharwad, Surat, Coimbatore
and Udaipur. At Parbhani it ranged from 2.3 to 8.3 (1-9 scale), disease pressure was moderately high (5.0) and
the 9 test entries were moderately resistant and 5 were susceptible (Table 1.1). At Akola PGS range was 2.0 to
4.7, disease severity was low (3.2) and the test entries were resistant to moderately resistant. Overall in zone 1
(Parbhani & Akola) all the test entries were moderately resistant. At Dharwad PGS ranged from 4.0 to 8.7,
disease pressure was high (7.1) and all the test entries were susceptible. At Coimbatore PGS ranged from 1.0 to
4.3, disease pressure were low (3.3), and the test entries were resistant to moderately resistant. Overall in zone
2 (Coimbatore & Dharwad) PGS ranged from 3.7 to 6.2 (moderately resistance to susceptible reaction) and 7 test
entries were moderately resistant and other 7 were susceptible. In Surat PGS ranged from 3.3 to 8.0, disease
pressure moderate (4.6) and test entries were resistant to moderately resistant. In Udaipur incidence was
sporadic and data were rejected due to high CV. All India pooled analysis of data showed that performance of
test entries differed significantly from each other. All the test entries and the hybrid and varietal checks were
moderately resistant (except CSH30, which was susceptible) and statistically at par. Best performing five entries
(excluding resistant check) were SPV2780, SPV2786, CSV17, SPV2781 and CSV27 (3.9 to 4.3) (Table 1.1).
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Threshed grain mold score (TGS): TGS gives an indication of how much grain surface has been mold
impacted and it is important to decide marketability of the grain. TGS was reported from Parbhani, Akola, Surat
and Coimbatore. At Parbhani it ranged from 2.3 to 9.0, disease pressure was high (6.0) and the test entries
SPV2612 was resistant, SPH1974 and SPV2780 were moderately resistant and others were susceptible (Table
1.1). At Akola TGS range was 2.0 to 5.3, disease severity was low to moderate (3.4) and the test entries were
resistant to moderately resistant. Overall in zone 1 (Parbhani & Akola) the test entries were moderately resistant
except SPV2773 and SPV2776, which were susceptible. At Coimbatore (zone 2) TGS ranged from 1.8 to 5.3,
disease pressure moderate (3.7), and the test entries were resistant to moderately resistant. In Surat TGS
ranged from 4.3 to 7.7, disease pressure was high (6.0) and the test entries SPV2773, SPV2781 and SPV2819
were moderately resistant and others were susceptible. In Udaipur incidence was sporadic and data were
rejected due to high CV. All India pooled analysis of data showed that performance of test entries differed
significantly from each other. All the test entries and hybrid and varietal checks were moderately resistant (except
CSH30 and CSH25, which were susceptible). Best performing five entries (excluding resistant check) were
CSV17, SPV2612, CSH41, CSV27 and SPV2781 (3.9 to 4.3) (Table 1.1).

Downy mildew: Incidence of downy mildew was recorded in percentage. Standard method of resistance grading
[i.e. R =<5%; MR=6-10%; S= 11-30%; HS==30%] was followed. Downy mildew was reported from peninsular
India viz., Dharwad and Coimbatore. At both the locations severity was moderate (mean at Coimbatore 15.4%,
Dharwad 7.5% but incidence was sporadic in nature and CV was quite high (~80). Test entries SPH1938,
SPH1943 and SPH1939 and checks CSH16, Local Check, CSV20 and CSH41 showed resistant reaction to
downy mildew (<5.0%) and SPV2683, CSV31, SPH1942, SPV2776 and CSH25 were moderately resistant (£
10.0%) (Sus check DMS652 32%) (Table 1.3).

Sugary disease or ergot: Ergot incidence was reported from Surat and Coimbatore. The disease was recorded
in percentage (where, up to 10% resistant; 11-30% moderately resistant; 31-50% susceptible; and >50% highly
susceptible). At both the locations incidence was sporadic in nature and CV was quite high. At Surat (zone 3)
incidence ranged from 3.7-26.3% and test entries were quite resistant. At Coimbatore range was 0-37%. Overall,
test entries SPV2781, SPV2780, SPH1942, SPH1939, SPH1938 and SPV2773 were promising for ergot
resistance (Table 1.3).

Foliar diseases: AVHT entries were evaluated for foliar disease resistance under artificial/ natural conditions in
hot spots (Parbhani, Akola, Dharwad, Surat and Coimbatore) locations. The disease severity was scored on a 1-
9 rating scale. Severity of different foliar diseases is given in Table S4.

Anthracnose: Anthracnose was reported from Parbhani (Zone 1), Coimbatore (Zone 2), Surat and Udaipur
(Zone 3). Incidence was moderate at Parbhani (4.1) and Surat (3.6) and low and sporadic at Coimbatore (2.9)
and Udaipur (2.2) (Table 1.2). Disease reactions of the entries significantly differed at all the locations. Overall,
the test entries were resistant to moderately resistant. Top ranked entries including hybrid checks were CSH41,
CSV17, CSV20, SPH1942, SPH1943, SPV2819 and SPH1974 [2.6 to 3.0].

Zonate leaf spot: Zonate leaf spot was reported from Parbhani (1.9), Akola (1.6) and Dharwad (1.5) (Table 1.3).
Disease incidence was sporadic and pressure was low at all the locations. Disease reactions of the entries
differed significantly at these locations. Top ranked 5 test entries and hybrid checks were SPV2781, SPV2770,
CSV17, CSH41 and CSV20 (1.0 to 1.2).

Leaf rust: Occurrence of leaf rust was reported from Dharwad (4.3), Coimbatoer (1.5) and Parbhani (2.0) (Table
1.3). Incidence was moderate at Dharwad and low and sporadic at Coimbatore and Parbhani. No other centre
reported the disease. All the test entries reacted as resistant to leaf rust. Top ranked test entries including checks
were CSV17, Local Check, CSH16, CSV20, SPH1938, Pant Chari5 and SPV2776 (1.7-2.1).

Leaf blight: Occurrence of leaf blight was reported from Parbhani, Akola, Dharwad, Coimbatore and Surat.
Incidence was moderate at Parbhani (4.1), and Surat (4.2) and low at Akola (2.7), Dharwad (2.1) and Coimbatore
(3.1) (Table 1.2). Entries differed significantly at Parbhani, Surat and Coimbatore but not at Akola and Dhjarwad.
All'India pool basis the test entries were resistant to moderately resistant for leaf blight. The top ranked entries
and checks were CSV 17, SPH1942, CSV 27, SPH1939, CSV 20, CSH 16, SPV2612, CSH 41 and Local Check
(2.4-3.0).
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Time to flowering: Days to 50% flowering was recorded at Parbhani, Akola, Dharwad, Coimbatore and Surat.
Location means varied from 61.6 (Coimbatore) to 76.7 (Akola) days with national mean 69.9 days (Table 1.1).
Data was significant at 5% level in all the locations except Coimbatore. Among the test entries the earliest
flowering one was SPV2773 (67 days) in zone 1 and SPH1943 (63.5 days) in zone 2. Overall five earliest
flowering entries were CSH30, CSH16, SPH1999, SPH2004 and CSH41 [66.5 to 70.2 days]. Bulk Y, DMS652,
B58586, CSH 30, CSV 17, SPH1974 and SPH1943 (<67 days).

Seed weight: Seed weight (g/ 100) was recorded at Parbhani (2.5), Akola (1.8), Surat (2.3) and Coimbatore
(2.4) and entries differed significantly on all the locations except Parbhani (Table 1.2). All the test entries wear at
par with the best check CSH16 (2.5).

2. Initial Hybrid Trial (IHT-GS)

IHT-GS trial was comprised of total 17 entries. They included 7 test entries, 4 hybrid checks, one local check
from respective centre and 5 pathology checks for comparing disease reactions.

Grain mold: Trials were laid at five locations and grain mold pressure was moderate. Grain mold was reported
from all 5 centres namely Akola, Parbhani, Dharwad, Coimbatore and Surat. Location severity index (LSI) for
grain mold were 3.6 (Akola), 5.9 (Parbhani), 7.1 (Dharwad), 3.6 (Coimbatore) and 6.6 (Surat).

Panicle grain mold score (PGS): PGS is important for assessing genetic resistance against grain mold in an
entry and it was reported from Parbhani, Akola, Dharwad, Surat and Coimbatore. At Parbhani it ranged from 2.0
to 8.7, disease pressure was moderately high (5.1) and the test entries SPH2002, SPH2004 and SPH2005 were
moderately resistant and others were susceptible (Table 2.1). At Akola PGS range was 2.0 to 4.7, disease
severity was low to moderate (3.4) and the test entries were resistant to moderately resistant. Overall in zone 1
(Parbhani & Akola) all the test entries were moderately resistant. At Dharwad PGS ranged from 4.0 to 8.7,
disease pressure was high (6.5) and the test entries SPH1999, SPH2000 and SPH2001 were moderately
resistant and others were susceptible. At Coimbatore PGS ranged from 1.7 to 6.3, disease pressure moderate
(3.6), and the test entries were resistant to moderately resistant. Overall in zone 2 (Coimbatore & Dharwad) PGS
ranged from 3.5 to 7.5 (moderately resistance to susceptible reaction) and the test entries were moderately
resistant except SPH2005, which was susceptible. In zone 3 (Surat) PGS ranged from 2.3 to 7.7, disease
pressure moderate and test entries were resistant to moderately resistant. All India pooled analysis of data
showed that performance of test entries differed significantly from each other. All the test entries and the hybrid
checks were moderately resistant and statistically at par. Best performing five entries (excluding resistant check)
were Local Check, CSH35, SPH2003, SPH2004 and SPH2000 (3.7-4.1) (Table 2.1).

Threshed grain mold score (TGS): TGS gives an indication of how much grain surface has been mold
impacted and it is important to decide marketability of the grain. TGS was reported from Parbhani, Akola, Surat
and Coimbatore. At Parbhani it ranged from 2.3 to 8.8, disease pressure was high (5.9) and the test entries
SHP2003, SPH2004 and SPH2005 were moderately resistant and others were susceptible (Table 2.1). At Akola
TGS range was 2.0 to 5.3, disease severity was low to moderate (3.8) and the test entries were moderately
resistant. Overall in zone 1 (Parbhani & Akola) the test entries SPH200, SPH2003, SPH2004 and SPH2005 were
moderately resistant and others were susceptible. At Coimbatore (zone 2) TGS ranged from 1.7 to 6.3, disease
pressure moderate (3.7), and the test entries were resistant to moderately resistant. In Surat (zone 3) TGS
ranged from 4.3 to 8.3, disease pressure high (6.8) and all the test entries were susceptible. All India pooled
analysis of data showed that performance of test entries differed significantly from each other. The test entries
SPH2000, SPH2002, SPH2003, SPH2004 and SPH2005 were moderately resistant and others including hybrid
checks were susceptible. Best performing five entries (excluding resistant check) were SPH2003, CSH35,
SPH2004, Local Check and SPH2005 (4.3-5.1) (Table 2.1).

Downy mildew: Incidence of downy mildew was recorded in percentage. Standard method of resistance grading
[i.e. R =5%; MR=6-10%; S= 11-30%; HS==30%] was followed. Downy mildew was reported from peninsular
India viz., Dharwad and Coimbatore. At both the locations severity was moderate (mean at Coimbatore 7.8%,
Dharwad 6.2% but incidence was sporadic in nature and CV was quite high (~60). Test entries SPH1999,
SPH2000, SPH2001, SPH2003 and SPH2004 showed resistant reaction to downy mildew (Sus DMS652 22%)
(Table 2.3).
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Sugary disease or ergot: Ergot incidence was reported from Surat and Coimbatore. The disease was recorded
in percentage (where, up to 10% resistant; 11-30% moderately resistant; 31-50% susceptible; and >50% highly
susceptible). At Surat (zone 3) incidence ranged from 3.5-27.5% and test entries were quite resistant. At
Coimbatore due to sporadic incidence CVs were at quite high and the test entries SPH2000, SPH2001,
SPH2002, SPH2003 and SPH2004 recorded resistant reactions (Table 2.3).

Foliar diseases: IHT entries were evaluated for foliar disease resistance under artificial/ natural conditions in hot
spots (Parbhani, Akola, Dharwad, Surat and Coimbatore) locations. The disease severity was scored on a 1-9
rating scale.

Anthracnose: Anthracnose was reported from Parbhani, Akola (Zone 1), Coimbatore (Zone 2), and Surat (Zone
3). Incidence was moderate at Parbhani (3.7) and Surat (3.7) and low and sporadic at Coimbatore (1.8), Akola
(1.5) so not considered for analysis (Table 2.2). Disease reactions of the entries significantly differed at all the
locations. Based on Parbhani and Surat data the test entries were resistant to moderately resistant. Top ranked
entries including hybrid checks were SPH2001, SPH2005, CSH35, SPH1999 and CSH30 [2.1 to 3.0].

Zonate leaf spot: Zonate leaf spot was reported from Parbhani (3.0) and Akola (2.4) (Table 2.3). Disease
pressure was low at both the locations. Disease reactions of the entries differed significantly at these locations.
Top ranked 4 test entries and hybrid checks were CSH30, CSH35, SPH2005, SPH1999 & SPH2001 (2.3 to 2.4).

Leaf rust: Occurrence of leaf rust was reported from Dharwad (Table 2.3). Incidence was moderate (3.8). No
other centre reported the disease. All the entries reacted as resistant to moderately resistant. Top ranked test
entries and hybrid checks were CSH35, Local Check, SPH1999, SPH2002 and CSH41 (2.0-3.0).

Leaf blight: Occurrence of leaf blight was reported from Parbhani, Akola, Dharwad, Coimbatore and Surat.
Incidence was moderate at Parbhani (3.8), Akola (3.2) and Surat (4.3) and low at Dharwad (2.3) and Coimbatore
(2.6) (Table 2.2). Entries differed significantly at all locations except at Parbhani. All India pool basis the test
entries were resistant to moderately resistant for leaf blight. The top ranked entries and hybrid checks were
CSH41, CSH30, CSH16, SPH2004 and CSH35 (2.1-2.9).

Time to flowering: Days to 50% flowering was recorded at Parbhani, Akola, Dharwad and Surat. Location
means varied from 59.9 (Coimbatore) to 81.7 (Akola) days with national mean 69.1 days (Table 2.1). Data was
significant at 5% level in all the locations. Among the test entries the earliest flowering one was SPH2002 (76
days) in zone 1 and SPH2003 (66 days) in zone 2. Overall five earliest flowering entries were CSH30, CSH16,
SPH1999, SPH2004 and CSH41 [66.5 to 70.2 days].

Seed weight: Seed weight (g/ 100) was recorded at Parbhani (2.4), Akola (1.7), Surat (2.1) and Coimbatore
(2.9) and entries differed significantly on all the locations (Table 2.2). All the test entries wear at par with the best
check CSH35 (2.6).

3. Initial Varietal Trial (IVT-GS)

IVT-GS trial was comprised of total 26 entries. They included 16 test entries, 4 hybrid checks, one local check
from respective centre and 5 pathology checks for comparing disease reactions.

Grain mold: Trials were laid at five locations and grain mold pressure was moderate. Grain mold was reported
from all 5 centres namely Akola, Parbhani, Dharwad, Coimbatore and Surat. Location severity index (LSI) for
grain mold were 3.6 (Akola), 5.9 (Parbhani), 7.1 (Dharwad), 3.6 (Coimbatore) and 6.6 (Surat).

Panicle grain mold score (PGS): PGS is important for assessing genetic resistance against grain mold in an
entry and it was reported from Parbhani, Akola, Dharwad, Surat and Coimbatore. At Parbhani it ranged from 1.0
to 8.3, disease pressure was moderately high (4.9) and the nine test entries were moderately resistant and
others were susceptible (Table 3.1). At Akola PGS range was 2.0 to 4.0, disease severity was low to moderate
(3.3) and the test entries were resistant to moderately resistant. Overall in zone 1 (Parbhani & Akola) all the test
entries were moderately resistant except SPV2872, which was susceptible. At Dharwad PGS ranged from 4.0 to
9.0, disease pressure was high (7.7) and the test entries SPV2862 were moderately resistant and all others were
susceptible. At Coimbatore PGS ranged from 1.0 to 5.3, disease pressure were low (2.7), and the test entries
were resistant to moderately resistant. Overall in zone 2 (Coimbatore & Dharwad) PGS ranged from 2.5 to 7.2
(moderately resistance to susceptible reaction) and 8 test entries were moderately resistant and others were
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susceptible. In zone 3 (Surat) PGS ranged from 2.3 to 8.0, disease pressure moderate (3.8) and test entries
were resistant to moderately resistant. All India pooled analysis of data showed that performance of test entries
differed significantly from each other. All the test entries and the varietal checks were moderately resistant and
statistically at par. Best performing five entries (excluding resistant check) were SPV2862, CSV27, SPV2873,
Local Check and SPV2874 (3.1-4.0) (Table 3.1).

Threshed grain mold score (TGS): TGS gives an indication of how much grain surface has been mold
impacted and it is important to decide marketability of the grain. TGS was reported from Parbhani, Akola, Surat
and Coimbatore. At Parbhani it ranged from 1.0 to 9.0, disease pressure was high (5.8) and 4 test entries were
moderately resistant and others were susceptible (Table 3.1). At Akola TGS range was 2.0 to 5.0, disease
severity was low to moderate (3.5) and the test entries were moderately resistant. Overall in zone 1 (Parbhani &
Akola) most of the test entries were moderately resistant and others (SPV2868, SPV2877, SPV2865, SPV2866
and SPV2872) were susceptible. At Coimbatore (zone 2) TGS ranged from 1.0 to 5.7, disease pressure low
(3.7), and the test entries were resistant to moderately resistant. In Surat (zone 3) TGS ranged from 6.0 to 8.3,
disease pressure high (7.0) and all the test entries were susceptible. All India pooled analysis of data showed
that performance of test entries differed significantly from each other. The test entries were mostly moderately
resistant and three were susceptible (SPV2865, SPV2866 and SPV2868). Best performing five entries (excluding
resistant check) were CSV27, CSV17, CSV37, SPV2862 and CSV (3.4-4.3) (Table 3.1).

Downy mildew: Incidence of downy mildew was recorded in percentage. Standard method of resistance grading
[i.e. R =5%; M R=6-10%; S= 11-30%; HS==30%)] was followed. Downy mildew was reported from peninsular
India viz., Dharwad and Coimbatore. At both the locations severity was low-moderate (mean at Coimbatore
7.8%, Dharwad 6.2%) but incidence was sporadic in nature and CV was quite high (>60). Test entries SPV2862,
SPV2863, SPV2870, SPV2872, SPV2873 and SPV2876 were free of downy mildew (Sus DMS652; 11.9%)
(Table 3.3).

Sugary disease or ergot: Ergot incidence was reported from Surat and Coimbatore. The disease was recorded
in percentage (where, up to 10% resistant; 11-30% moderately resistant; 31-50% susceptible; and >50% highly
susceptible). At Surat (zone 3) incidence ranged from 2.7-23.0% and test entries were quite resistant. At
Coimbatore due to sporadic incidence CVs were at quite high (Table 3.3).

Foliar diseases: IHT entries were evaluated for foliar disease resistance under artificial/ natural conditions in hot
spots (Parbhani, Akola, Dharwad, Surat and Coimbatore) locations. The disease severity was scored on a 1-9
rating scale.

Anthracnose: Anthracnose was reported from Parbhani (Zone 1), and Surat (Zone 3). Incidence was low-
moderate at Parbhani (2.9) and moderate at Surat (3.6) (Table 3.2). Disease reactions of the entries significantly
differed at all the locations. Based on Parbhani and Surat data the test entries were resistant to moderately
resistant. Top ranked entries including checks were SPV2865, SPV2869, Local Check, SPV2868, SPV2863,
SPV2867 and SPV2877 [2.2 to 2.5].

Zonate leaf spot: Zonate leaf spot was reported from Parbhani (2.3) and Coimbatore (2.2) (Table 3.2). Disease
pressure was low at both the locations. Disease reactions of the entries differed significantly at Coimbatore but
not at Parbhani. Top ranked test entries and hybrid checks were SPV2862, SPV2864, SPV2872, SPV2863 and
SPV2868 (1.2 to 1.8).

Leaf rust: Occurrence of leaf rust was reported from Dharwad (Table 3.2). Incidence was moderate (4.6). No
other centre reported the disease. All the entries reacted as resistant to moderately resistant. Top ranked test
entries and checks were SPV2866, SPV2874, Local Check, SPV2864, SPV2868 and SPV2870 (2.7-3.3).

Leaf blight: Occurrence of leaf blight was reported from Parbhani, Akola, Dharwad, and Surat. Incidence was
moderate at Parbhani (3.6), Akola (3.6) and Surat (4.2) and low at Dharwad (2.2) (Table 3.2). Entries differed
significantly at all locations. All India pool bases the test entries were resistant to moderately resistant for leaf
blight. The top ranked entries and hybrid checks were SPV2874, SPV2866, Local Check, SPV2865 and
SPV2872 (2.8 to 3.1).

Time to flowering: Days to 50% flowering was recorded at Parbhani, Akola, Dharwad and Surat. Location
means varied from 61.8 (Coimbatore) to 82.9 (Akola) days with national mean 72.9 days (Table 3.1). Data was
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significant at 5% level in all the locations. Among the test entries the earliest flowering one was SPV2868 (74.8

days) in zone 1 and SPV2873 (63.7 days) in zone 2. Overall five earliest flowering entries were CSV17, CSV37,
SPV2875, SPV2873 and SPV2877 [61.7 to 73.3 days].

Seed weight: Seed weight (g/ 100) was recorded at Parbhani (2.2), Akola (1.7), Surat (2.2) and Coimbatore
(2.8) and entries differed significantly on all the locations except Parbhani (Table 3.3). All the test entries wear at
par with the best check CSH35 (2.6).

Xl. Evaluation of forage sorghum experimental varieties/ hybrids/ parental lines for resistance to
diseases

Seventy-one forage sorghum entries (including checks) consisting of advanced and initial experimental hybrids
and varieties in three trials (Initial and Advanced Varietal and Hybrid Trial Multi-cut, Advanced Varietal and
Hybrid Trial Single-cut and, Initial Varietal and Hybrid Trial Single-cut) were evaluated for resistance to, downy
mildew and foliar diseases in hot spot locations under natural conditions in Pantnagar, Ludhiana, Hisar, Udaipur,
Parbhani, Akola, Surat and Coimbatore along with susceptible and resistant checks for different diseases. Foliar
diseases destroy active leaf area required for photosynthesis, adversely affect accumulation of sugar in stalk and
thus interfere with the quantity and quality of fodder. Most of the foliar diseases of grain sorghum also occur in
forage sorghum. Anthracnose, leaf blight, rust, zonate leaf spot and few other leaf diseases occurs almost
regularly either in moderate or severe form, in various parts of India. They are more seen on forage sorghum as
they are purple type than grain sorghum which is mostly tan type. Trial-wise foliar disease incidence and disease
severity index for different locations are given in Table S5.

Anthracnose, zonate leaf spot, leaf blight and rust were common diseases in forage sorghum. Anthracnose was
severe at Pantnagar (LSI 5.3), moderate at Hisar (4.0), Parbhani (4.4) and Surat (4.2) and low at Ludhiana (2.0),
Coimbatore (3.3). Zonate leaf spot was severe at Pantnagar (6.4) and low at other locations such as Hisar (2.4),
Coimbatore (2.1) and Parbhani (1.8). Leaf blight was reported from many places in moderate Surat (4.5),
(Parbhani 3.8) to low at Coimbatore (2.4), Dharwad (2.1) and Akola (3.2) incidence. Rust intensity was severe at
Dharwad (5.6) and low at Coimbatore (2.3). Moderate incidence of gray leaf spot was reported from Hisar (4.1),
Ludhiana (4.0) and Akola (1.9) and sooty stripe at Hisar (4.3).

Table S5: Foliar disease incidence in forage and sweet sorghum at different locations (1-9 scale)

Trial Anthracnose Zonate LS
PAN LUD HIS SUR COl PAR PAN HIS COl PAR
IAVHT-MC 5.1 2.1 4.0 4.2 35 6.6 2.4 2.1
AVHT-SC 5.6 1.8 3.0 4.2 6.2 1.4
IVHT-SC 5.1 2.1 4.0 4.2 35 6.6 2.4
IAVHT-SS 55 45 6.3 2.1
LSl 5.3 2.0 4.0 4.2 3.3 4.4 6.4 2.4 2.1 1.8
Trial Leaf blight | Rust
PAN SUR COl PAR AKO DHR DHR COl
IAVHT-MC 5.1 45 2.4
AVHT-SC 5.6 3.3 4.0 3.2 2.2
IVHT-SC 5.1 45 2.1 2.4
IAVHT-SS 55 3.4 2.1 5.6
LSl 5.3 45 2.7 3.7 3.2 2.1 5.6 2.3

1. Initial and Advanced Varietal and Hybrid Trial Multi-cut (IAVHT-MC)

IAVHT-MC trial was comprised of total 21 entries. They included 13 test entries, 3 national checks (CSH24MF,
CSH43MF and CSV33MF), one local check from respective centre and 4 pathology checks for comparing
disease reactions.

Foliar diseases: IAVHT-MC entries were evaluated for foliar disease resistance under artificial/ natural
conditions in hot spots (Pantnagar, Ludhiana, Udaipur, Hisar, Coimbatore and Surat) locations. The disease
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severity was scored on a 1-9 rating scale. Anthracnose, zonate, leaf blight, gray leaf spot and leaf blight were
common diseases on forage sorghum.

Anthracnose: Anthracnose was recorded at Pantnagar, Hisar, Udaipur and Ludhiana in zone 1 and Surat and
Coimbatore in zone 2 (Table 4.1). Disease pressure was moderate to high at Pantnagar (5.1) and moderate at
Hisar (4.0), Udaipur (4.1), Surat (4.2) and Coimbatore (3.5) and low and sporadic at Ludhiana (2.1). Disease
reactions of the entries significantly differed at all the locations. At Pantnagar most of the test entries were
moderately resistant except SPH1997 and SPH1998, which were susceptible. Overall in zone 1, most of the test
entries reacted as resistant and a few moderately resistant. At Surat the test entries were resistant to moderately
resistant for anthracnose. Overall in zone 2, the test entries reacted as resistant to moderately resistant. The best
national check CSV43MF scored 2.7 and all the test entries were at par with the check. Top few test entries and
checks were SPH1967, SPH1933, SPH1966, CSH43MF, SPH1934, SPH1994, CSH24MF and SPH1995 (<3.0).

Zonate leaf spot: The disease was recorded at Pantnagar in severe (6.6) intensity and Udaipur (3.1), Hisar (2.4)
and Ludhiana (1.3) in low intensity (Table 4.1). The entries differed significantly at Pantnagar and Hisar but not at
Ludhiana. In Ludhiana incidence was sporadic and CV was high so not considered. Among the test entries
SPH1970 and SPH 1998 were susceptible and rest of the test entries were resistant or moderately resistant. Top
few test entries and checks were, SPH1967, SPH1993, SPH1994, SPH1933, SPH1933 and CSH24MF (<4.0).

Leaf blight: The disease was recorded in forage sorghum at Surat, Coimbatore and Ludhiana. Incidence at
Surat was moderate to severe and at Coimbatore (1.9) and Ludhiana (1.1) low and sporadic (Table 4.2). Test
entries were resistant to moderately resistant at Surat. Top few test entries and checks were SPH1933,
SPH1967, Local Check, SPH1934, SPH1997, SPH1966, SPH1995 [1.7 to 2.4].

Grey leaf spot: The disease was recorded in forage sorghum in low incidence at Udaipur (3.1) (Table 4.2).

Rust: The disease was recorded in forage sorghum in traces at Coimbatore (2.4) (Table 4.2). Disease pressure
was low and CV was high and so data should not be considered.

Sooty stripe: The disease was recorded in forage sorghum in moderate intensity at Hisar (4.3) and the entries
differed significantly (Table 4.2). To five entries were SPH1970, SPH1935, CSV33MF, SPH1967 and Local
Check [1.7 to 3.0].

Downy mildew: Incidence of downy mildew was recorded in percentage. Standard method of resistance grading
[i.e. R =5%; MR=6-10%; S= 11-30%; HS==30%)] was followed. Downy mildew was reported from peninsular
India viz., Coimbatore. Severity was moderate to high (mean 26.4%) but incidence was sporadic in nature and
CV was quite high (>60). Test entries SPH1933, SPH1934, SPH1966, SPH1967, SPH1995, CSH24MF,
CSH43MF and Local Check were free from downy mildew (Susceptible DMS652; 37%) (Table 4.2).

2. Advanced Varietal and Hybrid Trial Single-cut (AVHT-SC)

The AVHT-SC trial was comprised of total 17 entries. They included 6 test entries, 5 national checks, one local
check from respective centre and 5 pathology checks for comparing disease reactions.

Foliar diseases: AVHT-SC entries were evaluated for foliar disease resistance under artificial/ natural conditions
in hot spots locations (Pantnagar, Udaipur and Ludhiana in zone 1 and Parbhani, Akola and Coimbatore in zone
2). The disease severity was scored on a 1-9 rating scale. Anthracnose, zonate, gray leaf spot and leaf blight
were common diseases on forage sorghum.

Anthracnose: Anthracnose was recorded at Pantnagar, Udaipur and Ludhiana in zone 1 and Coimbatore,
Parbhani and Akola in zone 2 (Table 5.1). Disease pressure was high at Pantnagar (5.6), moderate at Parbhani
(4.2), Coimbatore (3.0), and Udaipur (3.2) and low at Ludhiana (1.8), and Akola (1.8). Disease reactions of the
entries significantly differed at these locations. At Pantnagar the test entries SPH1985, SPV2800 and SPV2801
were moderately resistant and others including checks were susceptible. Overall top five in Zone-1, were
CSH36F, CSV30F, SPV2800, SPV2801 and CSH40F and in zone-2 CSH40F, CSV21F, CSV35F, SPV2797 and
SPV2704. Top five entries and national forage checks across zones were CSH40F, CSV21F, SPV2797,
CSV35F, SPV2704 and SPV2800 (<3.0).
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Zonate leaf spot: The disease was recorded at Pantnagar in severe form (6.2) and at Udaipur (2.5) and
Parbhani in traces (1.4) (Table 5.1). Data from Parbhani should not be considered as incidence was sporadic
and CV was quite high. At both the centres the entries did not differ significantly on resistance. At Pantnagar all
the entries were susceptible. Overall, top two entries were SPV2800 and CSH40 (<3.5).

Leaf blight: The disease was recorded in forage sorghum at Parbhani (4.0) in moderate intensity and at Akola
(3.2) and Coimbatore (3.3) in low-moderate intensity (Table 5.1). Overall top four entries and checks were
CSV30F, SPH1985, CSH40F and Local Check [2.2 to 3.0].

Rust: Rust was reported from Coimbatore (2.2) (Table 5.2) in low to moderate intensity. Entries differed
significantly in rust reactions. Most of the entries were resistant (~3) or moderately resistant (~4). SPV2705 and
SPV2797 were promising for rust resistance.

Gray leaf spot: Moderate intensity of the disease was recorded in forage sorghum at Ludhiana (4.0) (Table 5.2).
All the test entries were resistant to gray leaf spot (1.0 to 3.0).

Sooty stripe: Sooty stripe was reported from Akola in traces (1.9) (Table 5.2). Entries differed significantly in rust
reactions. Most of the entries were resistant or moderately resistant.

Panicle grain mold score (PGS): PGS is important for assessing genetic resistance against grain mold in an
entry. PGS was reported from Coimbatore (3.4) and Akola (3.1) and incidence was low. Entries significantly
differed in PGS scores (Table 5.2). Because of low disease pressure entries reacted mostly as resistant and a
few as moderately resistant.

Time to flowering: Days to 50% flowering was recorded at Pantnagar, Ludhiana, Coimbatore, Parbhani and
Akola. Location means ranged from 60.5 days (Coimbatore) to 92.8 days (Ludhiana) with national mean 81.4
days (Table 5.3). Data were significant at 5% level at all the locations. On pooled mean among the test entries
and checks, SPV2797 was the earliest (70.1 days) and SPV2801 was the latest (85.9 days) to flower.

Plant height: Plant height was recorded at Pantnagar, Ludhiana, Coimbatore, Parbhani and Akola. Location
means ranged from 237.5 cm (Akola) to 363.0 cm (Coimbatore) with national mean 291.3 cm (Table 5.3). Height
differences were significant at 5% level at all the locations except Ludhiana. Among the test entries and national
forage checks CSV35F was the shortest (281) and CSV21F was the tallest (313 ¢cm) in height.

3. Initial Varietal and Hybrid Trial Single-cut (IVHT-SC)

IVHT-SC trial was comprised of total 26 entries. They included 13 test entries, 7 national checks (CSH40F,
CSH36F, CSV21F, CSV30F, CSV35F, CSV44F and CSV38F), one local check from respective centre and 5
pathology checks for comparing disease reactions.

Foliar diseases: IVHT-SC entries were evaluated for foliar disease resistance under artificial/ natural conditions
in hot spots locations (Pantnagar, Udaipur, Hisar in zone 1 and Surat and Akola in zone 2). The disease sevetity
was scored on a 1-9 rating scale. Anthracnose, zonate, gray leaf spot, sooty stripe and leaf blight were common
diseases on forage sorghum.

Anthracnose: Anthracnose was recorded at Pantnagar, Udaipur and Hisar in zone-1 and Surat and Akola in
zone-2 (Table 6.1). Disease pressure was high at Pantnagar (5.3), moderate at Surat (4.3) and Hisar (3.9) and
Udaipur (3.3) and low at and Akola (1.9). Disease reactions of the entries significantly differed at these locations
except Pantnagar. At Pantnagar most of the test entries and national checks were moderately resistant, while
four (SPV2879, SPV2884 and SPV2885 and check CSV44F) were susceptible. Overall in Zone-1, most of the
test entries were ere moderately resistant. To five in zone-1 were SPH2006, CSH40F, SPH2007, SPV2881 and
CSV21F and in zone-2 were SPH2006, SPH2007, SPH2008, SPV2879 and SPV2880. All India top five entries
and national forage checks were SPH2006, CSH40F, SPH2007, SPH2008 and SPV2879 (<2.9).

Zonate leaf spot: The disease was reported from Pantnagar, Udaipur, and Hisar. Intensity was severe at
Pantnagar (6.1), and low at Udaipur (2.0) and Hisar (1.6) (Table 6.1). Data from Hisar should not be considered
as incidence was sporadic and CV was quite high. Under high disease pressure at Pantnagar out of 13 test
entries 2 (SPH2006 and SPH2007) were moderately resistant and 11 were susceptible. All the national checks
were susceptible. Based on overall performance SPH2006 and SPH2007 were moderately resistant [4.7 to 4.8).
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Leaf blight: The disease was recorded in forage sorghum at Surat (4.7) and Akola (4.4). Incidence was
moderate to severe in both the locations (Table 6.1). Top five entries were SPH2007, SPV2882, SPH2006,
CSH40F and SPH2008 (<4.0).

Gray leaf spot: Moderate intensity of gray leaf spot was recorded in forage sorghum at Hisar (mean 4.1; range
1.3 10 8.3) and low intensity at Udaipur (2.3) (Table 6.1). Entries differed significantly in disease reactions. Most
of the entries including national checks were resistant. However, CSV 30F and SPV28383 were moderately
resistant and SPV2886, CSH36F, Local Check, SPV2884, SPV2887 and SPV2878 were susceptible (>6.0). Top
five entries were SPH2006, CSH 40F, SPH2882, SPH2885, CSV44F and SPH2008 [1.3 to 2.3].

Sooty stripe: Moderate intensity of sooty stripe was reported from Hisar (4.2) and traces from Akola (1.8) on
single cut forage entries (Table 6.2). At Akola incidence was sporadic and CV was high so data should not be
considered. At Hisar score ranged from 1.0 to 8.0 and entries differed significantly in sooty stripe reaction. Top
five entries were SPV2878, CSH36F, SPV2883, SPV2884 and CSV30F [1.0 to 2.0].

Panicle grain mold score (PGS): PGS is important for assessing genetic resistance against grain mold in an
entry. PGS was reported from Akola and incidence was low (2.9) and sporadic. Entries significantly differed in
PGS scores (Table 6.2). Because of low disease pressure entries reacted mostly as resistant and a few as
moderately resistant.

Time to flowering: Days to 50% flowering was recorded at Pantnagar, Surat and Akola. Location means ranged
from 77.4 days (Surat) to 88.0 days (Pantnagar) with national mean 82.4 days (Table 6.2). Data were significant
at 5% level at all the locations. On pooled mean among the test entries and checks, SPV2879 was the earliest
(71.7 days) and CSV35F was the latest (93.0 days) to flower.

Plant height: Plant height was recorded at Pantnagar, Suart and Akola. Location means ranged from 273.4 cm
(Pantnagar) to 274.4 cm (Akola) with national mean 273.8 cm (Table 6.2). Height differences were significant at
5% level at all the locations. Among the test entries and national forage checks SPV2882 was the shortest (199
cm) and SPV2878 was the tallest (300 cm) in height.

XIl. Evaluation of sweet sorghum, high biomass and brown mid-rib experimental varieties/ hybrids/
parental lines for resistance to diseases

This season one trial each for sweet sorghum (Initial and Advanced Varietal and Hybrid Trial Sweet Sorghum)
high bio-mass (Initial and Advanced Varietal and Hybrid Trial High Biomass) and brown mid-rib (Initial and
Advanced Varietal and Hybrid Trial High bio-mass) trial were evaluated. Fifty genotypes including 29 test entries,
9 national checks and 4 pathology checks were evaluated at Pantnagar, Udaipur, Akola, Parbhani, Hagari and
Surat. Entries were evaluated for resistance to grain mold and foliar diseases in hot spot locations under natural
conditions along with susceptible and resistant checks for different diseases.

1. Initial and Advanced Varietal and Hybrid Trial Sweet Sorghum (IAVHT-SS)

The IAVHT-SS trial was comprised of total 21 entries. They included 14 test entries, 3 national checks and 4
pathology checks for comparing disease reactions. The trial was conducted at Parbhani, Akola, Pantnagar and
Udaipur.

Grain mold: Grain mold was reported from Parbhani and Dharwad. Location severity index (LSI) for PGS were
5.9 (Parbhani) and 7.1 (Dharwad).

Panicle grain mold score (PGS): PGS is important for assessing genetic resistance against grain mold in an
entry. Trials were laid at three locations and disease pressure was low to moderate. PGS ranged from 1.0 to 9.0
(resistance to susceptible reaction) over locations. Location means were 2.9 (Parbhani) and 7.6 (Dharwad)
(Table 7.1). Entries significantly differed in PGS scores at both the locations. At Dharwad disease pressure was
high and PGS range was 4.0 to 9.0. At Parbhani PGS ranged from 1.0 to 8.7 indicating low to moderate disease
pressures. Out of 14 test entries 10 were moderately resistant and four were susceptible. The entries SPH2009
and SPV2894 were moderately resistant and promising (<4.5).
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Foliar diseases: IAVHT-SS entries were evaluated for foliar disease resistance under artificial/natural conditions
in hot spots (Pantnagar, Udaipur, Parbhani and Akola) locations. The disease severity was scored on a 1-9 rating
scale. Leaf diseases like anthracnose, zonate leaf spot, rust and leaf blight was reported from these centres.

Anthracnose: Anthracnose was reported from Pantnagar, Udaipur and Parbhani. Disease pressure was severe
at Pantnagar (5.5) and Udaipur (5.3), moderate at Parbhani (4.5) (Table 7.1). Disease reactions of the entries
differed significantly in these locations. None of the test entries was resistant at Pantnagar or Udaipur, where
they were moderately resistant or susceptible. Overall in all India analysis the test entries reacted as moderately
resistant. To four entries were SPV2889, B58586, Bulk Y, CSH 22 SS and SPV2890 [3.5 to 4.4].

Zonate leaf spot: Zonate leaf spot was reported from Pantnagar, Udaipur and Parbhani. Disease pressure was
severe at Pantnagar (6.3), low at Udaipur (2.6) and Parbhani (2.1) (Table 7.1). Disease reactions of the entries
differed significantly in these locations. At Parbhani incidence was sporadic and CV was quite high (36). None of
the test entries was resistant or moderately resistant at Pantnagar and all were susceptible. Overall in all India
analysis the test entries reacted as moderately resistant. To five entries were CSV 24SS, SPH2009, SPV2891,
B58586 and SPV2795 [< 3.3].

Rust: Occurrence of severe incidence of rust was reported from Dharwad (5.6) and low incidence from Parbhani
(2.2) (Table 7.1). Entries differed significantly in resistance and disease reactions varied from resistance (1.0) to
susceptible (6.0). Top four entries were SPV2889, SPV2891, SPV2890 and CSV19SS [1.8 to 3.0].

Leaf blight: Moderate incidence of leaf blight was reported from Parbhani (3.4) and low-moderate incidence at
Dharwad (2.1) (Table 7.1). Entries differed significantly in resistance at Parbhani. Top performing entries were
SPV2892, SPV2893, SPV2895, SPV2697, SPV2889 and SPV2794 (<2.5).

Time to flowering: Days to 50% flowering was recorded at Pantnagar, Udaipur, Parbhani and Dharwad.
Location means varied from 73.25 (Udaipur) to 90.6 (Pantnagar) days with national mean 80.5 days (Table 7.1).
Data was significant at 5% level across locations. Overall among the test entries SPV2889 was the earliest (77.1
days) and SPV2794 was the latest (86.3 days) to flower.

2. Initial and Advanced Varietal and Hybrid Trial High Biomass (IAVHT-HBM)

The IAVHT-HBM trial was comprised of total 13 entries. They included 7 test entries, 2 national checks and 4
pathology checks for comparing disease reactions. The trial was conducted at Hagari and Parbhani.

Time to flowering: Days to 50% flowering was recorded at Hagari and Surat. Location means varied from 68.1
(Hagari) to 76.5 (Surat) days with national mean 72.3 days (Table 8.1). Entries differed significant at 5% level of
significance. Among entries, SPV2896 was the earliest (66 day) and SPV2899 was the latest (99 days) to flower.

Plant height: Plant height was recorded at Hagari. Height varied from 123 to 350 cm among the entries.
Location mean was 277 cm (Table 8.1). Height differences were significant at 5% level. Among the test entries
and forage checks SPV2812 was the shortest (245 cm) and SPV2898 was the tallest (350 cm) in height.

Grain mold (PGS): PGS is important for assessing genetic resistance against grain mold in an entry. Trials were
laid at two locations, data received from Hagari and disease pressure was high. PGS was recorded at Hagari
and score ranged from 4.3 to 7.0 (resistance to susceptible reaction) (Table 8.1). All the test entries were
Susceptible to grain mold (>5.7).

Foliar diseases: The trial was conducted at for foliar disease resistance under artificial/natural conditions in hot
spots locations such as Surat and Hagari. The disease severity was scored on a 1-9 rating scale. Leaf diseases
like anthracnose and leaf blight were reported from both the centres.

Anthracnose: Anthracnose was reported from Hagari and Surat with moderate to high disease pressure (Table
8.1). Disease reactions of the entries differed significantly at Surat but not at Hagari. The test entry SPV2714 and
hybrid check CSH25 were moderately resistant and all other test entries and the check CSH22SS were
susceptible to anthracnose.

Leaf blight: leaf blight was reported from Hagari and Surat with moderate to high disease pressure (Table 8.1).
Disease reactions of the entries differed significantly at both the location. However, incidence at Hagari was low
and sporadic and CV was high. The test entry SPV2812, SPV2899 and SPV2900 were promising.
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Seed weight: Seed weight (g/ 100) was recorded at Hagari with location mean 3.0 g/100 seed. Entries differed
significantly for this trait (Table 8.1). Entries SPV2899 and SPV2900 were significantly bolder (3.5 g/100) than
Check CSH25 (3.0 g/100).

Grain yield: Seed weight (g/ 100) was recorded at Hagari with location mean 19 g/plant. Entries differed
significantly for this trait (Table 8.1). The entry SPV2812 recorded highest plant yield (36 g/plant).

3. Initial and Advanced Varietal and Hybrid Trial Brown Mid-rib (IAVHT-BMR)

The IAVHT-BMR trial was comprised of total 16 entries. They included 8 test entries, 4 national checks and 4
pathology checks for comparing disease reactions. The trial was conducted at Hagari and Pantnagar.

Time to flowering: Days to 50% flowering was recorded at Hagari and Pantnagar. Location means varied from
67 (Hagari) to 88.5 (Pantnagar) days with national mean 77 days (Table 9.1). Entries differed significant at 5%
level of significance. Among the entries CSV35F was the earliest (73 day) and SPV2716 was the latest (84 days)
to flower.

Plant height: Plant height was recorded at Hagari and Pantnagar. Mean height varied from 255 cm (Pantnagar)
to 258 cm (Hagari) among the locations (Table 9.1). Height differences were significant at 5% level at both the
locations. Among the test entries and forage checks SPV2716 was the shortest (241 cm) and CSh40F was the
tallest (312 cm) in height.

Grain mold (PGS): PGS is important for assessing genetic resistance against grain mold in an entry. Trials were
laid at two locations, data received from Hagari and disease pressure was high. PGS was recorded at Hagari
and score ranged from 4.3 to 6.0 (resistance to susceptible reaction) (Table 9.1). Five test entries were
moderately resistant and three were Susceptible to grain mold.

Foliar diseases: The trial was conducted at for foliar disease resistance under artificial/natural conditions in hot
spots locations such as Pantnagar and Hagari. The disease severity was scored on a 1-9 rating scale. Leaf
diseases like anthracnose and leaf blight were reported from both the centres.

Anthracnose: Anthracnose was reported from Hagari and Pantnagar with high disease pressure (Table 9.1).
Disease reactions of the entries differed significantly at both the locations. All the test entries and national checks
were susceptible to anthracnose.

Zonate leaf spot: The disease was reported from Pantnagar with high disease pressure (Table 9.1). Disease
reactions of the entries differed significantly. All the test entries and national checks were susceptible to
anthracnose.

Seed weight: Seed weight (g/ 100) was recorded at Hagari with location mean 2.7 g/100 seed. Entries differed
significantly for this trait (Table 9.1).

Grain yield: Seed weight (g/ 100) was recorded at Hagari with location mean 18 g/plant. Entries differed
significantly for this trait (Table 9.1). The entry CSV35F recorded highest plant yield (25 g/plant).

XII.  Publications

The group was involved in publishing 36 different publications including 9 research articles, 2 books, 4 book
chapters, 6 popular article 1 training manual, 3 extension Bulletin, 9 conference paper and 2 reports during 2021-
22. Scientists from different centres participated in regional and national symposia. The details of the publications
are given below.

(A) Journal Article

Aruna C, Das IK, Sanjana Reddy P, Ghorade RB, Gulhane AR, Kalpande VV, Kajjidoni ST, Hanamaratti NG, Chattannavar
SN, Mehtre S, Vikram Gholve, Kamble KR, Deepika C, Kannababu N, Bahadure DM, Govindaraj M, and Tonapi VA.
(2021). Development of sorghum genotypes for improved yield and resistance to grain mold using population breeding
approach. Frontiers in Plant Science, http://journal.frontiersin.org/article/10.3389/fpls.2021.687332 (July 2021)
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Ashlesha Atri, DK Banyal, NR Bhardwaj and AK Roy. (2022). Exploring the integrated use of fungicides, bio-control agent
and biopesticide for management of foliar diseases (anthracnose, grey leaf spot and zonate leaf spot) of Sorghum.
International Journal of Pest Management. DOI: 10.1080/09670874.2022.2039799

Ashlesha Atri, Harpreet Kaur Cheema and Devinder Pal Singh (2021). Field evaluation of sorghum genotypes against
diseases and insect-pests. Forage Research 47(3): 363-371

Bhardwaj N.R., Ashlesha Atri, Upasana Rani, DK Banyal & A.K. Roy. (2021). Weather-based models for predicting risk of
zonate leaf spot disease in Sorghum. Tropical Plant Pathology 46, 702-713. https://doi.org/10.1007/s40858-021-
00461-1

Kannababu, N., Avinash Singode, Aruna C., Venkatesh Bhat B., Shrotria P.K., Das |.K., Venkateswarlu R., Visarada
K.B.R.S., Rajappa P.V. and Vilas A. Tonapi (2021). Seed vyield and quality traits ideal for improvement of seed
production potential in single and multi-cut forage sorghum types. Range Mgmt. & Agroforestry, 42 (2): 231-239.

Rana, M, Singh, Y., Divakar and Srivastava, S. (2021). Effect of host genotypes on the severity of sorghum anthracnose.
Pantnagar Journal of Research 19 (2): 238-244.

Selvi, B., Ganesamurthy, K., Sivakumar, S., Jeyaprakash, P., Yuvaraja, A., Kavithamani, D., Latha, R., Malini, N., Kalpana,
R., Manoranjitham, S. and Sudha, A., 2021. A new high yielding dual purpose sorghum variety CO 32 for Tamil
Nadu. Electronic Journal of Plant Breeding, 12(1), pp.1-8.

Teggninahalli SB, Chattannavar SN, Jahagirdar SJ and Krishnaraj, PU (2022). Field evaluation of fungicides against
Puccinia purpurea Cooke., causing sorghum rust. J. Farm Sci. 35 (1).

Verma Lokesh Kumar, Biradar BD, Patil SS, Chattannavar SN and Kubsad VS, (2022). Comparative analysis of restoration
behavior of milo (104A, 401A) and maldandi (M31-2A) based male sterile lines in sorghum [Sorghum bicolor (L.)
Moench]. Genet Resour Crop Evol. 69(2): 559-556.

(B) Books

Bhardwaj N R, Banyal D K, Ashlesha Atri, Dhal A, Langde S, Tambe A, Behra P, Mawar R, Bhaskar R B, Chand S,
Agrawal R K, Roy A K (2020). Technological Advances in Forage Crop Protection. AICRP on Forage Crops and
Utilization, ICAR-IGFRI, Jhansi. pp 29. (ISBN: 978-81-948917-4-1).

Sudha A., M.Rajesh, T.Suthinraj, A.Muthukumar. Plant Pathology. Published by ISBN. 978-81-947040-6-5. 2020.Pp-1-212.

(C) Book Chapter

Kavithamani D., T. Kalaimagal, A. Sudha, B. Selvi and R. Ravikesavan. 2021. Studies on the inheritance of brown midrib
trait in sorghum (Sorghum bicolor (L.) Moench) genotypes. In: Book of abstracts of the International Conference on
Future Challenges & Prospects in Plant Breeding (FCPPB 2021) P. 168. ISBN: 978-81-954445-2-6

Rajesha G, Das I.K., Sakthivel Krishnan, and Vilas A. Tonapi. 2021. Current Status and Management of Foxtail Millet
[Setaria italica (L.) Beauv.] Blast Disease. In: S. Chandra Nayaka, H. Rajashekara, G. Prakash, C. Tara Satyavathi
and Rajan Sharma (Eds). Blast Disease of Cereal Crops Evolution and Adaptation in Context of Climate Change,
1st Ed., Springer, pp 201-209. (April, 2021)

Singh, Y. and Namriboi, B.K. (2021). Anthracnose of Sorghum: A Disease of International Importance. In Plant pathogen,
Pathogenesis and Management. Eds. Sampat Nehra pp. 143-165. Agrobios Research: An Imprint of Agrobios (India),
Jodhpur.

Tonapi V A, Aruna C, enkatesh BhatB V, Madhusudhana R, Umakanth AV, Hariprasanna K, Gangaiah B, Shyam Prasad G,
Das IK, Elangovan M, Chapke RR (2021). Fifty years of research and development under All-India Coordinated
Research Project on Sorghum. Pages 1-20: In Aruna C, Deepika C, Raghavendra Rao KV and Vilas A Tonapi (Ed.,),
Golden Jubilee Publication: 50 Years of Sorghum Research: Contribution of AICRP-Sorghum Centres, ICAR-Indian
Institute of Millets Research, Hyderabad - 500 030, Telangana, India. pp. 233. (May, 2021).
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(D) Popular Articles

Harpreet Kaur Cheema and Ashlesha Atri (April) 2021. Sauni de chare diya phaslan de much kide ate bimariyan. Vigyanik
Pashu Palan 15(8): 9-11

Sudha A. and D.Kavithamani. 2021. Diseases caused by fungal agent in Sorghum and their management published in
Nilavalam tamil magazine November, 2021 P- 14-16.

Sudha A., B.Selvi, A.Sudha, N.Vadivel and R.Ravikesavan 2021. A new variety Sorghum 32 for Grain and forage sorghum.
Published in Nilavalam tamil magazine July P. 12-14

Sudha A., 2021. Striga, an economically important parasitic plants published in Readers shelf, A magazine for Agricultural
sciences, 17(11), P- 13-14.

Sudha A., 2021. Ergot and Ergotism published in Readers shelf, A magazine for Agricultural sciences, 17(8), P- 5-6.

Sudha A., 2021. Trichoderma viride A Biofertilizer published in Readers shelf, A magazine for Agricultural sciences, 17(11),
P-11-12

(E) Training manual

Sudha A., C.Gopalakrishnan, G.Karthikeyan, 2021. Training manual on Commercial Production of Trichoderma viride :P.1-
51

(F) Reports

Das IK, Chattannavar SN, Gholve VM, Yogendra Singh, Gulhane AR, Mitalkumari Patel, Sudha A, Rawal WP,
Ashlesha Atri, Girish G, Manjeet Singh, Tushar Ghevariya (2021). Pathology Annual Progress Report: AICRP-
Sorghum Kharif 2020. Pages 1-28, In: Annual Progress Report 2020-21, All-India Coordinated Sorghum Improvement
Project, Indian Institute of Millets Research, Hyderabad. (May, 2021)

Das IK, Sharma KK, Gholve VM, Chattannavar SN, Girish G, Sajjanar GM (2021). Pathology Annual Progress Report:
AICRP-Sorghum Rabi 2020. Pages 1-12, In: Annual Progress Report 2020-21, All-India Coordinated Sorghum
Improvement Project, Indian Institute of Millets Research, Hyderabad. (May, 2021)

(G) Extension bulletin

Davda B.K., Pathak V.D., Patel A.R., Chalodiya A.L., Radadia N.V., Sindhi S.J., Ghevariya T.V., Kanzaria K.G., Jalandhra
A.R. and Varma A.D. (2021). Kharif Juvarni Adhunik Kheti Paddhati. Navsari Agricultural University, Surat. Publication
No. 74/2021-22.

Davda B.K., Pathak V.D., Patel A.R., Chalodiya A.L., Radadia N.V., Sindhi S.J., Ghevariya T.V., Kanzaria K.G., Jalandhra
AR. and Varma A.D. (2021). Shiyalu Juvarni Adhunik Kheti Paddhati. Navsari Agricultural University, Surat.
Publication No. 75/2021-22.

Davda B.K., Pathak V.D., Patel A.R., Chalodiya A.L., Radadia N.V., Sindhi S.J., Ghevariya T.V., Kanzaria K.G., Jalandhra
A.R. and Varma A.D. (2021). Ghas Charani Juvarni Kheti Paddhati. Navsari Agricultural University, Surat. Publication
No. 76/2021-22.

(H) Papers presented in Symposium/Conference

Sudha A.and M.Rajesh. (2021). Evaluation of chemicals along with bioagents for the management of quick wilt of pepper in
kolli hills of Namakkal district presented during International Conference on Industrial perspective, challenges and
strategies in the development of novel hio-pesticides: Its implication in sustainable pest and disease management
Sponsored by SHASTRI INDO-CANADIAN INSTITUTE (SICI), NEW DELHI from 11th - 12th March, 2021. P. 14

R.Saravanan, Sudha A.and V.Pavithra (2021). Trichoderma viride, potential biocontrol agent - Current status and Future
prospects. presented during International Conference on Industrial perspective, challenges and strategies in the
development of novel bio-pesticides: Its implication in sustainable pest and disease management Sponsored by
SHASTRI INDO-CANADIAN INSTITUTE (SICI), NEW DELHI from 11th - 12th March, 2021. P. 139.

Sudha A, M. Rajesh and D. Kavithamani (2021).Variability and viability of Sorghum Ergot Sclerotia. In: Global Perspectives
in Crop Protection for Food Security. Book of Extended Abstracts Volume Ill. TNAU Golden Jubilee International
Conference, December, 8-10:65-67
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Gulhane A.R., Sonalkar V.U. and Thakare G.V. (2022). Varietal and hybrid fodder lines reaction against grain mold in
Virdarbha region. Paper presented in National e-Conference on ‘Agro-Entrepreneurship: A Way to boost startup
ecosystems in Agriculture’ held at PDKV Akola 23-24% February, 2022.

Gulhane A.R., Thakare G.V. and Sonalkar V. U. (2022). Reaction of Sorghum Grain hybrid lines against grain mold at
Virdarbha region. Paper presented in National e-Conference on ‘Agro-Entrepreneurship: A Way to boost startup
ecosystems in Agriculture’ held at PDKV Akola 23-24% February, 2022.

Sonalkar V.U., Gulhane A.R. and Thakare G.V. (2022). Grain sorghum varietal lines Reaction to shoot fly and stem borer
during kharif 2021. Paper presented in National e-Conference on ‘Agro-Entrepreneurship: A Way to boost startup
ecosystems in Agriculture’ held at PDKV Akola 23-24% February, 2022.

Sonalkar V.U. Thakare G.V. and Gulhane A.R. (2022). Reaction of multicut sorghum hybrid and varietal lines against
sorghum shoot fly, Atherigonasoccata and stem borer. Paper presented in National e-Conference on ‘Agro-
Entrepreneurship: A Way to boost startup ecosystems in Agriculture’ held at PDKV Akola 23-24t February, 2022.

Thakare G.V., Sonalkar V.U. and Gulhane A. R. (2022). Efficacy of powder and liquid form of Azospirillum and phosphate
solubilizing bacteria (PSB)on Kharif grain sorghum. Paper presented in National e-Conference on ‘Agro-
Entrepreneurship: A Way to boost startup ecosystems in Agriculture’ held at PDKV Akola 23-24t February, 2022.

Thakare G., Gulhane A. R., and Sonalkar V.U. (2022). Enrichment of organic source of fertilizer in on Kharif grain sorghum..
Paper presented in National e-Conference on ‘Agro-Entrepreneurship: A Way to boost startup ecosystems in
Agriculture’ held at PDKV Akola 23-24t February, 2022.

XIV. Recognitions

Dr Chattanavar served as HoD of Plant Pathology, acted as member Board of Studies UAS Dharwad, Karnataka
variety release committee, and examiner of Ph. D thesis, guided M. Sc and Ph D students. Dr. Vikram Gholve
have received appreciation letter from Hon.VC for establishment Bio-agent Production Unit at Sorghum
Research Station, VNMKV Parbhani, received Best Poster award in IPS (WZ) National Symposium, acted as Co-
chairman of Poster Presentation session in IPS (WZ). Dr A Sudha got oral presentation award in an International
conference. Dr Yojendra Singh contributed as Rapporteur in International e-conference.
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Annexure-1: Weather conditions at different locations during kharif 2021

Location Month Rainfall Rainy RH (Mor) RH (Evn) Tepm Temp (Min)
(mm) day (no) (%) (%) (Max) °C ‘C
Parbhani June 315 na 85.9 57.8 32.9 21.4
July 569 na 89.4 67.3 31.0 22.5
August 98 na 88.0 63.0 30.9 22.3
September 468 na 92.3 70.7 29.8 22.0
October 162 na 88.4 43.9 32.0 19.3
November 1 na 84.4 41.2 30.8 17.9
Kharif 2021 1612 na 88.0 57.3 31.2 20.9
Akola June na na na na na na
July na na na na na na
August na na na na na na
September 235 13 91.3 68.8 30.6 23.1
October 72 3 86.4 49.8 32.5 204
November 0 0 80.4 33.9 31.2 13.7
Kharif 2021 307 16 86.0 50.8 314 19.0
Dharwad June 193 9 80.3 na 28.3 20.7
July 187 14 85.4 na 27.2 20.7
August 69 9 83.5 na 27.9 204
September 48 7 81.2 na 28 20.5
October 98.8 7 72.3 na 30 19.9
November 156 8 78.2 na 28 18.8
Kharif 2021 654 54 80.15 na 28.2 20.2
Coimbatore June 15 na 80.1 54.3 32.4 23.7
July 31 na 81.1 60.0 31.2 23.6
August 39 na 84.1 57.1 31.6 23.0
September 34 na 83.1 56.9 317 23.3
October 191 na 85.8 64.8 30.6 23.2
November 272 na 86.6 69.1 28.4 22.4
Kharif 2021 580 na 83.5 60.4 31.0 23.2
Surat June 285 8 94.0 66.7 334 27.0
July 213 15 92.8 70.6 32.2 26.5
August 214 12 96.2 71.9 314 24.6
September 606 23 98.9 76.5 3L.1 25.9
October 22 3 91.0 43.9 34.1 22.6
November 5 1 70.1 354 33.6 22.9
Kharif 2021 1344 62 90.5 60.8 32.6 24.9
Ludhiana June 60 8 58.3 34.8 35.8 22.4
July 121 15 69.0 42,5 36.3 25.5
August 340 13 71.6 63.4 33.8 21.7
September 39 1 80.8 61.0 33.9 27.1
October 296 6 86.8 68.5 31.6 25.3
November 44 4 86.5 445 324 21.2
Kharif 2021 900 47 76.5 52.4 34.0 24.8
Pantnagar June 86 5 80.4 57.6 33.7 254
July 236 10 85.5 68.3 33.1 26.4
August 304 13 88.3 70.8 32.7 25.7
September 37 3 85.7 62.9 33.0 24.9
October 428 4 88.6 55.4 31.6 20.3
November 0 0 77.9 40.1 27.3 12.3
Kharif 2021 1089 35 84.4 59.2 319 225
na= data not supplied
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Annexure-II: Survey on disease incidence in farmers’ fields

i
IEA-m o

District Taluka/ Village HI VI Crop SDM Erg | Smut | Viral Pbo | GM | Anth | ZL | LB | Ru | Sooty | GL | Ne
Local stage ot dis eng S st st S w
Marathwada(MH)
Gangakhed | Taroda Loc PM 0 5 0 0 0 7 6 4 6 4 1 1 nil
Parali Warwanti Loc PM 0 4 0 0 0 8 7 6 7 5 1 1 nil
Gangakhed | Wadgaon PVK801 PM 0 3 0 0 3 5 4 2 3 3 1 1 nil
Parali Parali Loc PM 0 6 0 0 0 6 6 5 6 5 1 1 nil
Renapur Nahrunagar Loc PM 0 7 0 0 0 7 5 5 5 5 1 1 nil
Parbhani Parbhani Loc PM 0 6 0 0 2 5 7 4 7 3 1 1 nil
Parali Wadi PVK801 PM 0 3 0 0 4 3 2 3 4 2 1 1 nil
Ambajogai Ambajogai PVK 1009 | PM 0 4 0 0 2 3 3 3 3 2 1 1 nil
Parbhani Asola PVK1009 | PM 0 3 0 0 0 3 4 2 4 3 1 1 nil
Udgir Somnathpur Loc PM 0 7 0 0 2 6 8 4 5 4 1 1 nil
Udgir Ekruka PVK1009 PM 0 2 0 0 3 4 3 4 3 1 1 1 nil
Renapur Renapur Loc PM 0 5 0 0 4 6 5 3 5 4 1 1 nil
Ahmedpur Ahmedpur PVK1009 PM 0 0 0 0 0 4 3 2 4 1 1 1 nil
Mean 42 15 52 4.8 36 | 48 | 32
Range 0-7 0-4 3-8 2-8 26 | 37 | 15
Vidarbha (MH)
Akola Vyalaa Hyb FL 0 0 0 0 0 3 1 1 1 1 1 nil
Akola Dawla Hyb FL 0 0 0 0 0 1 1 1 1 3 1 nil
Akola Parala Hyb FL 0 0 0 0 0 1 1 3 1 1 1 nil
Akola Raundala Hyb FL 0 0 0 0 0 1 1 4 1 1 1 nil
Akola Bochra Hyb FL 0 0 0 0 0 3 1 3 1 1 1 nil
Akola Ambikapur Hyb FL 0 0 0 0 0 1 1 3 1 3 1 nil
Akola Rajankhed Hyb FL 0 0 0 0 0 1 1 2 1 1 1 nil
Amravati Karala Hyb FL 0 0 0 0 0 1 1 3 1 2 1 nil
Amravati Achalpur Hyb FL 0 0 0 0 0 3 1 4 1 1 1 nil
Amravati Mustafapur Hyb FL 0 0 0 0 0 1 1 5 1 1 1 nil
Buldhana Pimpari Gawali Hyb FL 0 0 0 0 0 1 1 3 1 1 1 nil
Buldhana Jaipur Lande Hyb FL 0 0 0 0 0 1 1 3 1 1 1 nil
Buldhana Shegaon Hyb FL 0 0 0 0 0 1 1 4 1 1 1 nil
Washim Malsur Hyb FL 0 0 0 0 0 1 1 3 1 3 1 nil
Washim ARSWashim Hyb FL 0 0 0 0 0 1 1 1 1 1 1 nil
Washim Dhamani Hyb FL 0 0 0 0 0 3 1 4 1 1 1 nil
Washim Masola Kh Hyb FL 0 0 0 0 0 3 1 4 1 1 1 nil
Akola Akot/Dapuri Hyb NM 0 0 0 0 0 4 1 1 6 1 1 1 nil
Akola Alegaon Hyb NM 0 0 0 0 0 5 1 1 5 1 1 1 nil
Akola Alewadi Hyb NM 0 0 0 0 0 6 3 1 5 1 1 1 nil
Akola Alewadi Hyb NM 0 0 0 0 0 4 1 1 1 1 3 1 nil
Akola Dewari Hyb NM 0 0 0 0 0 5 1 1 4 1 4 1 nil
Akola Padsul Hyb NM 0 0 0 0 0 4 1 1 4 1 3 1 nil
Akola Rondala Hyb NM 0 0 0 0 0 5 1 1 3 1 3 1 nil
Akola Rondala Hyb NM 0 0 0 0 0 6 1 1 4 1 4 1 nil
Akola Telhara Hyb NM 0 0 0 0 0 5 3 1 4 1 1 1 nil
Akola Balapur Hyb NM 0 0 0 0 0 4 1 1 3 1 3 1 nil
Akola Lohara Hyb NM 0 0 0 0 0 5 1 1 5 1 1 1 nil
Buldhana Shegaon Hyb NM 0 0 0 0 0 7 1 1 6 1 4 1 nil
Buldhana Shegaon Hyb NM 0 0 0 0 0 5 1 1 5 1 5 1 nil
Buldhana Palaskhed Hyb NM 0 0 0 0 0 4 3 1 3 1 1 1 nil
Buldhana Jalka Hyb NM 0 0 0 0 0 6 1 1 5 1 4 1 nil
Buldhana Khamgaon Hyb NM 0 0 0 0 0 5 1 1 4 1 5 1 nil
Akola Akola Hyb NM 0 0 0 0 0 5 3 1 1 1 3 1 nil
Akola Kapshi Hyb NM 0 0 0 0 0 5 1 1 5 1 4 1 nil
Akola Barshi Hyb NM 0 0 0 0 0 6 1 1 5 1 4 1 nil
Washim Malegaon Hyb NM 0 0 0 0 0 5 3 1 4 1 1 1 nil
Washim Regaon Hyb NM 0 0 0 0 0 4 1 1 4 1 1 1 nil
Washim Pangari Hyb NM 0 0 0 0 0 4 3 1 3 1 1 1 nil
Washim Keli Hyb NM 0 0 0 0 0 6 1 1 6 1 4 1 nil
Washim Mungala Hyb NM 0 0 0 0 0 5 3 1 1 1 4 1 nil
Washim Gawali Hyb NM 0 0 0 0 0 5 1 1 5 1 4 1 nil
Mean 5.0 1.6 36 22
Range 4-7 1-3 1-6 1-5
Tamil Nadu
Erode Gobichettipalay loc FL 311 | 19.0 0.0 0.0 0.0 2 1 2 2 1 1 nil
Coimbatore | Sulur loc GF 214 0.0 12.5 0.0 0.0 2 1 3 4 1 1 nil
Karur Arachalur loc FL 29.3 0.0 0.0 0.0 0.0 3 3 4 4 1 1 nil
Salem Attur loc Veg 17.7 0.0 0.0 0.0 0.0 3 4 3 5 1 1 nil
Namakkal Elachipalayam loc Veg 113 0.0 0.0 0.0 0.0 3 4 3 4 1 1 nil
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District Taluka/ Village HI VI Crop SDM Erg | Smut | Viral Pbo | GM | Anth | ZL | LB | Ru | Sooty | GL | Ne
Local stage ot dis eng S st st S w
Tiruppur Kangeyam loc FL 0.0 0.0 0.0 0.0 0.0 3 3 3 4 1 1 nil
Salem Mallur loc Veg 9.9 0.0 0.0 0.0 0.0 3 1 3 5 1 1 nil
Coimbatore | Annur loc Veg 10.6 0.0 0.0 0.0 0.0 3 4 3 4 1 1 nil
Karur Pugalur loc FL 123 | 143 0.0 0.0 0.0 3 5 2 4 1 1 nil
Erode Satyamangalam loc GF 199 | 195 0.0 0.0 0.0 4 2 3 3 1 1 nil
Namakkal Elachipalayam loc FL 140 | 186 0.0 0.0 0.0 2 3 3 3 1 1 nil
Tiruppur Palladam loc NM 0.0 25.0 0.0 0.0 0.0 7.0 3 1 5 4 1 1 nil
Tiruppur Tharapuram loc NM 15.9 0.0 0.0 0.0 0.0 3.0 4 2 3 4 1 1 nil
Salem Attur loc NM 5.5 284 | 246 0.0 0.0 4.0 2 3 2 4 1 1 nil
Karur vedachandur loc NM 0.0 0.0 0.0 0.0 0.0 7.0 2 1 3 1 1 1 nil
Erode Bhavanisagar loc NM 0.0 13.0 | 315 0.0 0.0 6.0 3 1 5 5 1 1 nil
Coimbatore | Kaaramadai loc NM 0.0 0.0 0.0 0.0 0.0 6.0 2 3 1 4 1 1 nil
Mean 117 8.1 4.0 55 28 25 | 30 | 38
Range 0-29 0-28 | 0-31 37 2-4 15 | 15 | 15
Karnataka
Dharwad Tadkod Hyb PM 5 1 4 il
Belagavi Bailhongal Hyb NM Trs 2 5 nil
Belagavi Madanbhavi Hyb NM 1 3 nil
Belagavi Nesargi loc GF 2 3 nil
Belagavi Yaragatti loc GF 1 2 nil
Belagavi Dundarnetti loc GF Trs 2 nil
Dharwad Hebsur loc FL 5 Trs 2 nil
Gadag Gadag Hyb Veg Trs 1 nil
Gadag Kadampura Loc Veg 5 nil
Gadag Kadampura M 35-1 FL 3 3 nil
Gadag Bagewadi loc GF 1 7 nil
Gadag Hole Itagi loc Veg 5 nil
Haveri Guttal loc Veg Tres nil
Mean 4.4 15 | 34
Range 2-5 1-3 | 17
Uttarakhand
U.S. Nagar | Pantnagar loc FL 6.0 75 nil
U.S. Nagar | Kichha loc FL 6.0 7.0 nil
U.S. Nagar | Pipalia loc FL 7.0 75 nil
U.S. Nagar | Seshaiah loc FL 6.5 7.0 nil
U.S. Nagar | Bara loc FL 6.5 8.0 nil
U.S. Nagar | Sitargan loc FL 6.5 75 nil
U.S.Nagar | Nanakmatta loc FL 7.0 7.0 nil
U.S. Nagar | Khatima loc FL 6.5 75 nil
U.S. Nagar | Uttamnagar loc FL 7.0 7.0 nil
U.S. Nagar | Rudrapur loc FL 7.0 8.0 nil
U.S. Nagar | Bhot loc FL 6.5 75 nil
U.S. Nagar | Bina loc FL 6.5 8.0 nil
U.S. Nagar | Bhagatpur loc FL 6.0 8.0 nil
U.S. Nagar | Kashipur loc FL 7.0 75 nil
U.S. Nagar | Dineshpur loc FL 7.0 75 nil
U.S.Nagar | Mukundpur loc FL 6.5 75 nil
U.S. Nagar | Doraha loc FL 75 7.0 nil
U.S. Nagar | Vankheda loc FL 6.5 75 nil
Haridwar Patanjali loc FL 75 8.0 nil
Haridwar Majari loc FL 6.5 75 nil
Haridwar Pranitpur loc FL 7.0 7.0 nil
Haridwar Bahadarabad loc FL 75 8.0 nil
Dehradun Chiddarwala loc FL 7.0 7.0 nil
Dehradun Dharmawala loc FL 6.5 7.0 nil
Dehradun Doiwala loc FL 6.5 75 nil
Dehradun Herbertpur loc FL 7.0 7.0 nil
Dehradun Bhaniawala loc FL 6.5 8.0 nil
Dehradun Nayagaon Loc FL 6.5 7.0 nil
Mean 6.7 74
Range 6-75 | 7-8
Gujarat
Magrol Magrol GFS-6 FL 0 0 0 0 0 1 3 1 3 1 1 1 nil
Achhaliya Achhaliya TChari FL 0 0 0 0 0 1 4 1 3 1 1 1 nil
Dediyapada | Dediyapada GNJ-1 GF 0 4 0 0 0 4 2 1 2 1 1 1 nil
Surat Surat GJ-44 GF 0 4 0 0 0 4 4 1 4 1 1 1 nil
Mean 2.0 25 33 3.0
Range 0-4 1-4 2-4 2-4
Punjab
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District Taluka/ Village HI VI Crop SDM Erg | Smut | Viral Pbo | GM | Anth | ZL | LB | Ru | Sooty | GL | Ne
Local stage ot dis eng S st st S w
Ludhiana Macchiwara Hyb FL 0 0 0 0 0 1 6 1 1 1 1 7 il
Ludhiana Kohara Hyb Pl 0 0 0 0 0 1 7 1 1 1 1 8 nil
Ludhiana Pamjeta Hyb FL 0 0 0 0 0 1 4 1 1 1 1 5 nil
Ludhiana Iraq Hyb FL 0 0 0 0 0 1 3 1 1 1 1 3 nil
Ludhiana Garibet Hyb FL 0 0 0 0 0 1 2 1 1 1 1 3 nil
Ludhiana Mulanpur Hyb FL 0 0 0 0 0 1 4 2 1 1 1 4 nil
Ludhiana Mandiani Hyb Pl 0 0 0 0 0 1 5 1 1 1 1 6 il
Ludhiana Talwandi kurd Hyb FL 0 0 0 0 0 1 6 1 1 1 1 7 nil
Ludhiana Talwandi kalan Hyb Boot 0 0 0 0 0 1 1 3 1 1 1 1 nil
Ludhiana Kokri Loc Pl 0 0 0 0 0 1 1 2 1 1 1 1 nil
Ludhiana Jagraon Hyb Pl 0 0 0 0 0 1 5 1 1 1 1 6 nil
Moga Bijsar Hyb FL 0 0 0 0 0 1 1 1 1 1 1 1 nil
Moga Kokri kalan Hyb Boot 0 0 0 0 0 1 4 1 1 1 1 4 il
Moga Kotisekhan Hyb Pl 0 0 0 0 0 1 4 1 1 1 1 5 nil
Moga Jalalabad Loc Pl 0 0 0 0 0 1 1 1 1 1 1 1 nil
Moga Jallekhan Hyb FL 0 0 0 0 0 1 1 2 1 1 1 1 il
Moga Zira Hyb Pl 0 0 0 0 0 1 1 1 1 1 1 1 nil
Ferozpur Jhatra Hyb Boot 0 0 0 0 0 1 3 1 1 1 1 3 nil
Ferozpur Balkhandi Hyb FL 0 0 0 0 0 1 3 1 1 1 1 4 nil
Ferozpur Jagram Loc Boot 0 0 0 0 0 1 4 2 1 1 1 5 nil
Ferozpur Bhavian Hyb Boot 0 0 0 0 0 1 5 1 1 1 1 6 nil
Ferozpur Mjapurhass Local FL 0 0 0 0 0 1 3 1 1 1 1 5 nil
Roopnagar | Machhiwarakham | Local FL 0 0 0 0 0 1 2 1 1 1 1 3 nil
Roopnagar | Chaklohat Hyb FL 0 0 0 0 0 1 1 1 1 1 1 1 nil
Roopnagar | Behrampur loc Boot 0 0 0 0 0 1 1 3 1 1 1 1 nil
Roopnagar | Bazipur loc Pl 0 0 0 0 0 1 5 1 1 1 1 5 nil
Roopnagar | Bela loc FL 0 0 0 0 0 1 6 1 1 1 1 7 nil
Roopnagar | Morinda loc FL 0 0 0 0 0 1 5 1 1 1 1 5 nil
Roopnagar | Kharnawon loc FL 0 0 0 0 0 1 4 1 1 1 1 4 nil
Roopnagar | Sangatpur loc PI 0 0 0 0 0 1 3 3 1 1 1 4 nil
Roopnagar | Kotlasamaspur Hyb PI 0 0 0 0 0 1 2 2 1 1 1 4 nil
Roopnagar | Ghulal Hyb Pl 0 0 0 0 0 1 2 1 1 1 1 3 nil
Mean 33 13 39
Range 1- 1-3 1-7
PI= panicle initiation, FL= flowering, GF= grain filling, SDM= sorghum downy mildew, p. boeng= pokkah boeng, Anth= anthracnose, ZLS=
zonate leaf spot, LB= leaf blight, GLS= Grey leaf spot, New= new disease
Annexure IlI: Trial distribution
Trials/ Locations | AKO [ PAR | DHR | SUR [ HAG [ PAT] COI | PAN | UDA | LUD [ HIS
1. Evaluation of improved varieties/ hybrids
IAVHT-GS \ \ \ \ \ \
IHT-GS \ \ \ \ \
IVT-GS v [ W N N Vo] |
IAVHT-MC N v [ A N v [N
AVHT-SC N N v [ A N Vv |
IVHT-SC v o[ o N N N N
IAVHT-SS N N N v
|AVHT-HBM N N
IAVHT-BMR V \
1. New Initiative
Yield loss estimation for grain mold \ \ \
Yield loss estimation for foliar diseasein forage sorghum N \
2. Disease management
New molecules for ergot management N R
3. Basic studies
Studies on anthracnose population \
Downy mildew sowing window N \
4. Disease Nursery
Disease resistance in color sorghum N N \ N
5. Inter-disciplinary research
Disease resistance in local land races \ v | L A
Total 8 8 7 8 2 1 8 8 9 2 2
5. Disease survey & others
Disease survey N N N N N N N N N N
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Note: Trial allotted (\) or not allotter (...); Number of Entry: as receive or as per detail technical plan. Locations: PAR= Parbhani,

AKO= Akola, DHR= Dharwad, SUR= Surat, HAG= Hagari, PAT= Patancheru, PAN= Pantnagar, COIl= Coimbatore, UDA=Udaipur, LUD=
Ludhiana, HIS= Hisar.

Annexure IV: Performance of the centres
1. Sowing of the allotted experiment

Sr [Trials/ Locations AKO |PAR DHR SUR HAG |PAT [COI PAN [UDA |LUD HIS
1 |AVHT-GS 9jul 24jun [14jul 26jun |... 19jul 24jun
2 [HT-GS 9jul 24jun [14-Jul 26jun |... 19jul
3 |IVT-GS 9jul 24jun [14jul 26jun |... 19jul
4 |AVHT-MC 26jun |... 19jul [29jun [24jun  [29jun |nr
5 JAVHT-SC 19jul  29%un |... 19jul  [29jun [24jun  29un |...
6 [IVHT-SC 9jul 29jun |... 26jun |... 29un 24jun  |...  |nr
7 |AVHT-SS 14jul 29jun  [24jun
8 |AVHT-HBM 26jun [16jul |...
9 |AVHT-BMR o |16l ... 29jun
10 |Yield loss estimation for grain mold 9jul 24jun [14jul .
11 |Yield loss estimation for foliar disease in ~ |... 29jun  [29jun
forage sorghum
12 [New molecules for ergot management 26jun |... 19jul .
13 |Studies on anthracnose population -
14 [Downy mildew sowing window 2,17jul,2aug |... 10,20jul |...
5,20aug
15 Disease resistance in CS (NGN) . 29jun [14jul .. [17jul {15l
16 |Disease resistance in local land races ojul 29jun
Trial not allotted (...); Date not reported (nr)
2. Data submission quality
Sr. Center Time of Disease | Weather Data sheet format Remarks
No Submission survey data
Main center
1 | Akola 23 Dec, 2021 Yes Yes Followed the supplied format
2 | Parbhani 07 Jan, 2022 Yes Yes Followed the supplied format
3 | Dharwad 31 Jan, 2022 Yes Yes Followed the supplied format
4 | Coimbatore | 21 Dec, 2021 Yes Yes Followed the supplied format
5 | Surat 25 Dec, 2021 Yes Yes Followed the supplied format | -
6 | Udaipur 06 Apr, 2022 No No Followed the supplied format | -Data submitted late on 6™ April, after
report writing over.
-Should submit data by December end.
-Should provide disease survey, weather
data
7 | Pantnagar | 27 Dec, 2021 Yes Yes Followed the supplied format | -
Center facilitated pathology trials without regular sorghum pathologist
1 | Ludhiana 20 Dec, 2021 Yes Yes Followed the supplied format | -
2 | Hisar 27 Jan, 2022 No No Followed the supplied format | Should provide disease survey, weather
data
3 | Hagari 6 Jan, 2022 No No Followed the supplied format | Should provide disease survey, weather
data

Annexure V: Details of collaborator

Centre Collaborator, Address

Hyderabad |Dr. IK Das, Principal Scientist and Principal Investigator AICRP on Sorghum, IIMR Hyderabad-500030

Patancheru  |Dr. Rajan Sharma, Principal Scientist, ICRISAT, Patancheru, Hyderabad- 502324,

Dharwad Dr. SN Chattannavar, Professor, Plant Pathology, MSRS, UAS, Dharwad-580 005, Karnataka

Pantnagar  [Dr.Yogendra Singh, Professor, College of Agricultural, GB Pant University of Agriculture &Technology, Pantnagar-263 145,

Uttarakhand

Parbhani Dr. VM Gholve, Associate Professor, AICSIP, Vasantrao Naik Marathwada Agricultural University, Parbhani-413 722,
Maharashtra.

Akola Dr. AR Gulhane, Assist. Professor, Sorghum Research Unit, Dr.Panjabrao Deshmukh Krishi Vidyapeeth Akola- 444 104,
Maharashtra

Coimbatore | Dr. A Sudha, Assist. Professor, Plant Pathology, Tamil Nadu Agricultural University, Coimbatore-641 003, TN
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Surat Dr. Tushar V Ghevariya, Assistant Research Scientist, Main Sorghum Research Station
Navsari Agricultural University, Surat-395 007, Gujarat
Udaipur WP Rawal, Sorghum Research Station, Maharana Pratap University of Agriculture and Technology, Udaipur-001 313,
Rajasthan
Ludhiana Dr.Ashlesha Atri, PBG, Punjab Agriculture University Ludhiana 141 012, Punjab
Hisar Dr. Manjeet Singh, CCS Haryana Agricultural University, Hisar-125 004, Haryana
Hagari Dr M.R Govindappa, Scientist ICAR-KVK Hagari & ARS Hagari, I/c Plant Pathology Section at Hagari
Ballari Karnataka- 583138
Dr. G Girish, Assist. Professor, Plant Breeding, UAS Raichur, Karnataka- 584104

Annexure VI: Checks and

their characteristics

St Checks . . Characteristics .
Disease Reactions Grain color Sorghum Type

1 B58586 Resistant to grain mold white Kharif grain

2 BulkY Susceptible to grain mold white Kharif grain

3 DMS652 Susceptible to downy mildew red Kharif grain

4 PC5 Resistant to anthracnose & zonate white Kharif forage

5 Kekri local Susceptible to anthracnose, zonate, leaf blight white Kharif forage

6 R local Susceptible to anthracnose, zonate white Kharif forage

7 E36-1 Resistant to charcoal rot white Rabi grain

8 CSV8R Susceptible to charcoal rot white Rabi grain

Appendix 1.1: Diseases and causal organisms

Sr. Disease Causal organism
1 Grain mold Fusarium moniliforme; Curvularia lunata, Alternaria alternata & other
Downy mildew Peronosclerospora sorghi (W. Weston &Uppal ) C. G. Shaw

Ergot/ Sugar diseases

Sphacelia sorghi Mc Rae

Charcoal rot

Macrophomina phaseolinaTassi. Goid

Puccinia sorghi Cooke

Anthracnhose

Colletotrichum graminicola (Ces G.W. Wils )

Leaf blight

Exserohilum turcicum

2
3
4
5 Rust
6
7
8

Zonate leaf spot

Gloeocercospora sorghi Bain & Edgertom ex Deighton

9 Rough leaf spot

Aschochyta sorghi Sacc

10 Gray leaf spot Cercosspora sorghi Ellis & Everh

11 Sooty stripe Ramulispora sorghi (Ellis & Everh ) Olive & Lefebvre in Olive et.al.
12 Target leaf spot Bipolaris sorghi (Sacc ) Shoemaker.

13 Pokkah Boeng Fusarium subglutinans (Formarly F. moniliforme var. subglutinans)

Appendix 1.2: Grades for

estimation of diseases

Gran mold: Field grade/Panicle grain mold rating (PGS), Threshed grade/ threshed grain mold rating (TGS)
Severity Description (% grains molded on panicle) Disease Reaction
Grade
1 Oto<l Highly Resistant
2 15 Resistant
3 6-10 Resistant
4 11-20 Moderately resistant
5 21-30 Moderately resistant
6 31-40 Susceptible
7 41-50 Susceptible
8 51-75 Highly Susceptible
9 >75 Highly Susceptible
Sugary disease/ Ergot (incidence)
Grade Description (% panicle infected) Disease Reaction
1 Oto<l Highly Resistant
2 15 Resistant
3 6-10 Resistant
4 11-20 Moderately resistant
5 21-30 Moderately resistant
6 31-40 Susceptible
7 41-50 Susceptible
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51-75 Highly Susceptible

>75 Highly Susceptible

Downy mildew: Calculate in per cent term for systemically infected plants. Grade disease reactions as follows

Grade | Description Disease Reaction
1 No infection Immune (1)
2 Less than 1% plants with systemic infection Resistant (R)
3 1-5 % plants with systemic infection Resistant (R)
4 6-10% plants with systemic infection Moderately Resistant (MR)
5 11-20% plants with systemic infection Moderately Resistant (MR)
6 21-30 % plants with systemic infection Susceptible (S)
7 31-40 % plants with systemic infection Susceptible (S)
8 41-50 % plants with systemic infection Highly Susceptible (HS)
9 >51% plants with systemic infection Highly Susceptible (HS)

Foliar Diseases: (anthracnose, zonate leaf spot, leaf blight, rust, sooty stripe, grey leaf spot, target leaf spot)

Grade Description Disease Reaction
1 No symptoms seen on the leaf and perfectly healthy Highly Resistant

2 1-5% of the total leaf area is affected by spot Resistant

3 6-10% of the total leaf area is affected by spot Resistant

4 11-20% of the total leaf area is affected by spot Moderately resistant
5 21-30% of the total leaf area is affected by spot Moderately resistant
6 31-40% of the total leaf area is affected by spot Susceptible

7 41-50% of the total leaf area is affected by spot Susceptible

8 51-75% of the total leaf area is affected by spot Highly Susceptible
9 >75% of the total leaf area is affected by spot Highly Susceptible
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