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Preface

D

uring the reporting year this centre was upgraded to the level of a
Directorate, and the financial support under the XI Plan was tripled.
Seven more scientists were recruited, existing facilities were improved
and provision was made for a new sub-station at Jalna in the heart of sorghum
growing area in Maharashtra.
The scientists of the Directorate identified several new genetic stocks with
improved traits for quality and resistance and registered with NBPGR. Steps
were taken to secure special recognition to the farmers who have maintained
unique cultivars such as scented sorghum in Madhya Pradesh and highly
digestible fodder types in Gujarat. Inter-specific hybrids made by crossing
cultivated sorghum with few wild species were successful. A total of 61 extant
and 17 new variety applications were submitted to the PPV&FR Authority for
registration. The certificates conferring plant breeding rights for 7 varieties
were received.
The Directorate also released one new kharif grain variety CSV 25 and a sweet
stalk variety CSV 24SS. The progress in breeding resulted in many promising
parental lines for the development of rabi, forage and sweet sorghum hybrids.
Our transgenics containing cry1B gene showed high level of resistance to stemborer and are now advanced to open field trials. New transgenics with
substantially reduced HCN levels were developed using anti-sense technology.
Marker-assisted breeding has resulted in several parental lines with resistance
to shootfly. New mapping populations were phenotyped for target traits, and
markers for tagging leaf diseases and grain mold resistances were identified.
We detected new strains of bacteria stimulating crop growth, and those
suppressing Fusarium mold on grains.
Progress was made in developing efficient organic production system for
sorghum which is now being popularized. A grain and food processing
laboratory was established to popularize sorghum foods. Conduct of all the
essential research services including DUS testing, breeder-seed production, onfarm demonstrations were satisfactory. A total of 5 field-days and 5 training
courses were successfully organized. We initiated commercialization by
licensing our hybrids to two seed companies, and the technology for
manufacturing sorghum based foods to NRDC. The publication record for the
year was excellent with 25 journal articles, 6 books and many popular
contributions. Three video films were made. Many staff members were
recognized for their distinguished contributions by various national bodies.
We express our gratitude for the constant guidance and inspiration provided
by the exemplary leadership of Dr. Mangala Rai, Director-General of ICAR, and
Secretary-DARE. We are highly obliged to Drs. PL Gautam and SP Tiwari, Deputy
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Director-General (Crop Science), ICAR for their constant guidance. We are
grateful for the encouragement and support of officials at the ICAR
headquarters, especially Dr. SN Shukla, Assistant Director-General (Food and
fodder crops) and the various administrative functionaries led by the ICAR
Secretary Sh. AK Upadhyay. We place on record our gratitude for the continued
external funding support by the AP- Netherlands Biotechnology Project, NAIP,
DBT besides ICAR itself through special project funding for research. We also
appreciate the cooperation received from the universities in implementing the
nationwide sorghum research network. ICRISAT, ILRI and other many nongovernmental and private organizations have been supporting us very closely,
we thank them all.
The Research Advisory Committee headed by Dr. S Raghuvardhan Reddy, ExVC, ANGRAU, Hyderabad and the Institute Management Committee members,
need to be thanked for the guidance during the year. We thank the project
leaders, scientists, technical and supporting staff at DSR, and the
multidisciplinary teams of sorghum scientists at AICSIP centres, voluntary
centres and private sector participants in sorghum research from all over the
country. In the coming years we look forward for the continued support from
all to spearhead the mission of making sorghum production profitable and
sustainable for the farming community, contributing to the growth of Indian
agriculture. We welcome the comments and suggestions of the readers of this
report for making improvements in future.

(N. Seetharama)
Director
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Executive summary
hewisonii and F2 of S. bicolor x S. usumbarense
were tested positive for hybridity.

A. Genetic resources
New germplasm collection: Four basmati-like
(scented) sorghum were unique among the
collections from Bundelkhand region of
Madhya Pradesh. A total of 32 accessions were
collected from North Gujarat including
important landraces such as Malwan, Gundri,
Deshi, Solapuri, Kamaparva and Chachadia.
Malwan is a popular dual-purpose landrace
with great demand of seed from the farmers.

C. Cultivar identification for release and
evaluation of elite materials
¶SPH 1643, a hybrid based on newly developed
parents, showed significantly higher grain and
fodder yields over the checks CSH 23 and CSH 16
in AICSIP multi-location trials.

¶SPH 1640 jointly developed with Parbhani
Center (MAU) performed superiorly and is
advanced to AVHT in AICSIP trial

Characterization of germplasm for insect
resistance: Germplasm accessions were
screened and many new sources of resistance to
stem borer and shoot bug were identified. The
genotypes GGUB 13, CJV 25, GGUB 27, EJ 22, EC
15, ES 21, GGUB 61 and EP 37 were more
tolerant to stem borer. The entries CJV 25,
GGUB 27, EJ 22, EC 15, ES 21, EP 61, GGUB 50, E
63, GGUB 68, EG 21, GGUB 28, EP 31 and E 20
were found tolerant to stem borer as well as
shoot bug.

¶SPV 1746 was identified by Varietal
Identification Committee for good quality
grain and superior roti-making quality. It was
on par for grain and stover yields with the
check CSV 15.

¶A new sweet sorghum variety, SPSSV6, superior
to check SSV84 was identified for release at
national level for all the sorghum growing
regions.

Registration of genetic stocks with NBPGR:

D. Elite breeding stocks and hybrid
parents developed

Following nine genetic stocks were registered
with the NBPGR during 2008-09:

(i)

MS 463B (INGR 08080), MS 486R (INGR 08081),
EC 13 (IC 345715) (INGR 08082, SPV 1742 (INGR
09017),126A&B (INGR 09018),91A&B (INGR
09019),356A&B (INGR 09020), 288A&B (INGR
09021) and 45A&B (INGR 09022).

Kharif grain sorghums
Characterization of genetic stocks and MS
lines: Based on evaluation over three years, 25
genetic stocks and 19 MS lines were identified
as superior for following traits: grain mould
resistance, sweet stalk, stover quality and grain
yield.

B. Pre-breeding and genetic
diversification

Development of new kharif sorghum parental
lines

Interspecific hybrids of sorghum: Extensive
efforts made to cross cultivated sorghum CS
3541 with S. usumbarense, S. versicolor and S.
hewisonii resulted in success with some
combinations. Interspecific crosses with S.
usumbarense, S. versicolor and S. hewisonii
with sorghum CS3541 resulted in success with
some combinations. F1 of S. bicolor x S.

Good combiner MS line for starch content
identified: Two lines - 05R GTC SPA10, and 05R
GTC SPA 12 - showed high starch content; the
latter was also a good combiner. Compared
with 27B as check, 05R GTC SPA507, 05R GTC
SPA585, and 05R GTC SPA487 were superior
combiners for grain yield.
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characterized for 23 traits. Promising 10 CRS
lines, 94 A/B lines, 43R lines were multiplied
along with 59 elite stocks.
Conversion
programme continued for 65 BC5, 34 BC4, 31 BC3
(indigenous and exotic) 27 BC2, 100 BC1
progenies and for 64 new lines. Out of these, 21
BC5, 9 BC4, 4 BC3, 10 BC2 and 62 BC1 were
selected. B line improvement initiated for
diversifying genetic base led to the selection of
23 B lines out of 32 tested. Selected B lines (SLB9, 10, 11, 12, 19, 25, 29, 36, 39, 45, 46, 48, 49, 60,
69, 72 and 83) gave 7.8 to 49.1% more grain
yield than the check 104B.

Evaluation of random-mating restorer
population steriles for grain mold: A total of
190 steriles from the random mating R
population were evaluated for grain mold
resistance in replicated field trial. After the
second cycle, the mold tolerance of the
population was improved and the population
mean decreased from 4.0 to 3.8, on 1-9 scale
(1=most resistant) at physiological maturity
(PGS), and from 7.0 to 6.4 at harvest maturity
(TGS). Around 11% of these lines were almost
free from grain mold at physiological maturity
(PGS<3.0). Of these, 15 lines scored fairly high
for mold tolerance score (TGS=5.0) even at
harvest maturity and were statistically at par
with the resistant check, B 58586 (TGS= 5.0).

R line improvement for diversifying genetic
base led to selection of 14 R lines out of 19 lines
tested. Twenty B x B, and 18 R x R crosses were
made to induce rabi adaptability, better grain
size and quality characters. Selected R lines
(SLR-29, 38, 39, 47, 57, 66, 69, 71 and 72) gave
4.2 to 31.8% more grain yield than the check
RS-585. All the 76 experimental hybrids tested
were fully fertile. Selected hybrids (104A x SLR30, 104A x SLR-31, 104A x SLV-30, 104A x SLR57, 104A x SLV-67 and 104A x SLR-70, recorded
10.6 to 44.3% more grain yield than CSH-15R.

Identification of stable mold resistant lines:
Twenty-five advanced generation breeding
lines were evaluated along with 5 checks at
high rainfall zones of Karnataka and
Maharashtra viz., Shimoga, Hassan, Dharwad
and Kolhapur. The mean mold score was
highest at Dharwad, followed by
Rajendranagar and Hassan. Out of 25 lines
tested, 219 A X CB 29, 219 A X CB 33, 219 A X CB
32, BN 1309-R 07, BN 1314-R 07, BN 1316 R 07,
BN 1320 R 07, BN 1324 R 07, and BN 1325 R 07
were found resistant with a mold score of <4 on
a 1-9 scale across locations. The susceptible
checks, Bulk Y and 296B recorded score from 89, while resistant checks recorded 2.0 to 2.5.

(iii) Multi-cut forages
Multi-cut forages: B line development
programme for the enhancement of fodder
yield and quality was initiated using 40 grain
type, and 37 sweet-stalk sorghum B lines.
Forage x forage, and sweet sorghum x forage
crosses were made to improve the forage
restorers. The materials in F2 and F3 stages are
promising. Work was initiated to incorporate
shoot fly resistance into parental lines of forage
sorghum utilizing two shoot fly resistant
sources, IS 18551 and IS 2122. Trait-specific
improvement of forage sorghum for important
traits such as fodder quality, yield, resistances
to leaf diseases, stem borer and shoot fly has
begun collaboratively with various AICSIP
centres.

(ii) Rabi sorghums
Developing varieties with improved rabi
adaptation traits:
Out of 98 improved
breeding lines evaluated separately on
shallow, medium, and deep soils, 33 were
promising, and were superior to checks Mauli,
M35-1, and CSV-18. Twelve lines were
significantly superior to Mauli on shallow soil,
and gave 4.9 to 53.6% more grain yield than
the check variety Mauli; 21 lines on deep soil,
over CSV-18 for grain and fodder yields. On
deep soil, 17 lines showed 6.9 to 42.6%
superiority for grain yield over CSV-18.

Evaluation of multi-cut forage hybrids: The
hybrid NMFH 931, followed by NMFH 958 and
NMFH 948 were superior to rest of the entries in
terms of green forage yield from two cuttings.
All the hybrids were superior to the checks in

Developing new rabi parental lines with
diversity to broaden the genetic base: A total
of 33 indigenous and 11 exotic CMS lines were

12
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terms of green forage yield. One hybrid NMFH
936 recorded high forage yield in the second
cut as well.

mean ethanol yields (820 L/ha) followed by SSV
74 (549 L/ha) across the planting dates.

E. New initiatives to quicken
diversification of breeding stocks and
to improve quality and resistance
levels

(iv) Singe-cut forages
Single-cut forages: In zone II (southern parts of
India), the single-cut forage genotype, NFS-2
performed well in advanced varietal trial under
AICSIP with 41.2 tonnes/ha green fodder yield
against 35.7 tonnes/ha of the check, HC 308.
Also, efforts are being made to transfer shoot
fly resistance to HC 308.

Diversification of breeding stocks: With a
major initiative on parental line development
and diversification, nearly 800 crosses of kharif
sorghum and 600 crosses of rabi sorghum were
produced involving promising B and R lines,
released varieties and parents of released
hybrids. The F1.2 seeds were distributed to 12
AICSIP centres and other cooperators. During
rabi 2008-09, seeds of F3 generation received
from 11 centres were advanced at Hyderabad,
Warangal and Coimbatore during the offseason. A total of 2242 new selections were
made and the seeds were distributed back to
the concerned AICSIP centre for further
advancement, and for location- and traitspecific selections during the kharif 2009
season. A total of 534 new F2 generations of
crosses were distributed across 15 AICSIP
centres for advancement and further selections
at their end. A part of the selections was
shared with Plant Protection groups for
screening in their respective nurseries against
different biotic stress factors.

Promising dual-purpose lines for yield and
stover quality: NRCS F6-4, NRCS F6-9 and NRCS
F6-10 significantly out-yielded the checks in
terms of fodder yield. NRCS F6-12 was on par to
the check for grain yield and was significantly
superior for fodder yield. Amongst the brownmidrib types, the entry NRCS F6-14 was on par
to the check for grain and fodder yields while
NRCS F6-18 was promising for fodder yields
alone. The stover quality analysis done during
rabi 2007-08 revealed the superiority of the
brown midrib genotype NRCS F6-15 in terms of
digestibility (57%) against check CSV 15 (54%).
(v) Sweet sorghum
Evaluation of sweet sorghum B lines for sugar
yield traits: The B lines NSSB 20, NSSB 25 and
NSSB 1008 were superior for brix yield (>
18.5%). Further, B lines NSSB 7, NSSB 11 and
NSSB 1001 recorded highest fresh stalk yield (>
500 g/ plant).

F.

Transgenics
Sorghum Bt transgenic plants with resistance
to stem borer: Sorghum transgenics with
lepidopteron-specific synthetic cry1B gene is
promising in all generations till T4. PCR,
Southern analysis and RT-PCR analysis of
transgenic plants at various generations
confirmed the presence of cry1B and bar genes.
The transgenic sorghum plants produced Cry1B
protein at concentrations ranging from 1-2
µg/g of fresh leaf weight, and showed very high
levels of resistance against stem borer, when
tested with 10 larve released in the whorl of
each plant at 40 days after sowing.

Sweet sorghum physiology: When stalks are
stored under ambient room conditions, the
juice brix and total soluble sugars (TSS)
deteriorate; they can be retained in stalks up to
only 2 days without any significant losses in
sugar quality. However, SPSSV 30 was an
exception; its stalks can be stored for 7 days
under moderate temperatures.
To ensure continuous supply of stalks to the
factory, serial planting is desired. In staggered
planting experiments, stalk yield and
computed ethanol yields did not differ
significantly from the crops planted between
first and third week of June. July and August
planting decreased the stalk yields by > 100%
over June planting. CSH 22SS gave highest

Suppression of HCN formation in forage
sorghum using antisense technology: T1
generation plants of 37 T0 events were
13
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Purpose

Cross/Population
(No. of RILs)

Progress during 2008-09

Shoot fly resistance

296B x IS18551 (350)

Major QTL for leaf glossiness, Oviposition, Deadhearts and
trichome density identified and tagged with SSRs

27B x IS2122 (434)

Multi-location, multi-season phenotyping completed for
2 years

296B x B58586 (215)

Multi-location phenotyping completed for 1 year Drought
tolerance, roti quality

M35-1 x B35 (500)

Skeletal linkage map prepared; staygreen QTL validated

296B x Is18551 (350)

Major QTL for target leaf spot, leaf blight zonate leaf spot
and anthracnose are co-localized on SBI-06

Grain mold tolerance

Foliar diseases

analyzed for HCN content at 45 days after
sowing, in a containment glasshouse, where
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cultured in YES medium.

consisting of hybrids, varieties and parental
lines (consisting of 12 AB pairs, 10 R lines, 50
varieties and 20 hybrids) were characterized for
33 DUS traits during kharif season.

K. Basic investigations
Seed longevity and viability potential of lines,
testers and their cross-combinations

HRD: The human resource development
programme for skill improvement of scientists,
technical personnel and administrative staff
has been done on a regular basis. Three special
trainings courses on specific areas were
organized for technical people. Scientists
underwent trainings in cutting-edge
technologies and the administrative staff
members were deputed for trainings in the
relevant areas.
In addition, two training
courses were organized for outside clientele.

Initial seed vigour (seeds not subjected to
accelerated ageing): Among the 6 lines tested,
2219A showed highly significant and positive
gca effects for seed germination, seedling
vigour index and field emergence of fresh seed.
Among the 9 testers, Indore 12 and AKR150
showed positive gca effects for seed
germination, seedling vigour index and field
emergence. Six crosses recorded highly
significant and positive sca effects for all the
three traits.

M. Commercialization and
entrepreneurship development

Seed viability potential (accelerated ageing
seeds): Among the 6 lines tested, 2219A
showed highly significant and positive gca
effects for seed germination, seedling vigour
index, and field emergence of accelerated aged
seeds followed by 14A with positive gca effects
for these traits. Among the 9 testers, RS29,
Cs3541 and Indore 12 showed significant and
positive gca effects for seed germination,
seedling vigour index and field emergence
respectively of accelerated aged seeds.

Orientation of farmers for intensive kharif
sorghum cultivation and feed-back on future
prospects: One tonne seed each of CSH 23 and
CSH 16 were distributed to 500 farmers in 20 eChoupals in Indravely hub of Adilabad district
in collaboration with ITC Ltd., Hyderabad.
Orientation on package of practices was
imparted to 500 kharif sorghum farmers in
Adilabad district. About 200 ha of sorghum
cultivation is altogether brought under market
assured buy-back procurement (e-Choupal
system of ITC) model. A major proportion of
sorghum is utilized for home consumption of
farmers, and a mere 20% was available as
marketing surplus. Since, this model created a
guaranteed market, and farmers were under
the guidance of knowledgeable scientists,
farmers were enthused to use essential inputs
and were more agreeable to greater
commercialization of sorghum.

Histo-chemistry and cyto-anatomy of
sugarcane-sorghum hybrids and sweet
sorghum lines: Sweet sorghum varieties Urja,
SSV 74 followed by SSV 84 have highest starchless parenchyma filled with syrup. They also
have less collenchyma yielding less bagasse.
Sorghum x sugarcane hybrids had more
collenchyma than either of parents. Hybrids of
grain sorghum had more starch deposition in
the nodes. Sorghum x sugarcane hybrids
showed hybrid vigour in expression of bundle
sheath collenchymas. This information will be
used in selecting sorghum with different enduses such as bioethanol and paper.

L.

Commercialization: The new varieties and
hybrids namely CSH23 (grain sorghum),
CSH22SS (sweet sorghum), CSH20MF and
CSH24MF (multi-cut forage sorghum hybrids)
were licensed on non-exclusive basis to seed
enterprises. The novel technologies based on
sweet sorghum for electricity generation and
biofuel production was licensed for
commercialization as per ICAR guidelines on IP

Research services
DUS characterization: On request from PPV &
FRA, a total of 9 candidate varieties were
characterized during kharif 2008. During rabi,
one candidate variety (CSV17) was
characterized. At DSR, a total of 92 new entries
15
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protection and commercialization.
Commercialization of the multigrain flour
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A book on “Seed system innovations in semi arid
tropics of Andhra Pradesh” being released by Shri.
Sharad Pawar, Hon’ble Union Minister of
Agriculture, Dr. PK Mishra, Secretary, Department of
Agriculture, is seen on left; Dr. Mangala Rai, DG,
ICAR on right on May 26, 2008

Shri. Sharad Pawar, Hon’ble Union Minister of
Agriculture and state agricultural minister
visiting sorghum stall on May 26, 2008
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Introduction

ICAR established a National Research Centre for
Sorghum (NRCS) in 1987, which was upgraded to a
directorate in 2009 (DSR). The primary mandate is
to carry out the basic and strategic research
activities related to sorghum productivity
enhancement, sustainability of production, product
utilization, and commercialization. DSR is situated
in an area juxtaposed to the Acharya N.G. Ranga
Agricultural University, Rajendranagar, Hyderabad.
A regional rabi sorghum research centre of DSR was
established in 1991 at Solapur, Maharashtra, to
strengthen rabi sorghum research. In addition, an
off-season nursery centre was established in 1995 at
Warangal, Andhra Pradesh, primarily to facilitate
multiplication of sorghum breeding lines during
off-season. Some research on insect resistance
breeding and salinity tolerance is also carried out at
Warangal.

AICSIP system serves as the national advisory agency
on all aspects of sorghum research, production, and
utilization and marketing of sorghum.
Mandate of DSR and AICSIP
DSR has the mandate to conduct basic and strategic
research to increase productivity of sorghum, its
diversified utilization, and enhancement of
profitability; to collect, evaluate, distribute and
conserve sorghum germplasm, and to serve as a
national centre for training and constultancy on
sorghum production and utilization. The AICSIP has
the mandate to conduct coordinated multi-location
programmes at the national level on sorghum
improvement and utilization, to develop superior
hybrids and varieties, to evolve appropriate crop
management practices, to promote linkage with
seed production and developmental agencies for
transfer of technology, and to document and
disseminate research findings and exchange
material for mutual benefit with bonafide
collaborators.

DSR is the lead centre on sorghum research with an
all-India perspective. The history of this centre is
filled with highly significant and research
accomplishments. (details at www.sorghum.res.in).
As a coordinating unit of All India Coordinated
Sorghum Improvement Project (AICSIP), this centre
helped in strengthening the national network
involving SAUs created for conducting applied
research on sorghum improvement and testing at
the national level. AICSIP system also interacts with
the private sector, and other research and
developmental agencies for jointly developing and
evaluating various technologies. In India, the DSR-

Current Research Activities
The emphasis is on interdisciplinary team approach
and generation of impact closely working with
various partners. The major themes of research at
DSR are genetic enhancement, cultivar
development, biotechnology, crop utilization and
basic studies, crop production and marketing,
besides strategic services, commercialization and
knowledge management.

Staff Position (As on 31 March, 09)
Cadres

Sanctioned

Financial Status 2008-09 (Rs. In Lakhs)

In position Vacant

Scheme

Plan

Non-Plan

Scientific

48

37

11

Technical

45

38

7

DSR

475

475

628.10

AICSIP

600

600

-

Administrative

19

18

1

Supporting

29

26

3

Total

141

119

22

Sanction Expenditure

18

Sanction Expenditure
628.10

3

Research Accomplishments
Mangalwedha-2, Aurad, Wadaji, Ranmasale,
Boramani, Manewadi, Aundha, Gondvale and
Mardi were superior to M35-1 (2716 kg/ha) by
16.9 to 31.6 percent.
Further, six local
germplasms were superior to CSV-216R (3036
kg/ha) and PKV-Kranti (2964 kg/ha) by 4.4 to 22.6
percent, grain yield.

1. Sorghum genetic resources
a. Germplasm collection during kharif 2008
(M Elangovan)
Bundelkhand regions of Madhya Pradesh:
Bundelkhand is the potential region in Madhya
Pradesh for sorghum land races. The southern
parts of the Uttar Pradesh state and northern
parts of Madhya Pradesh comprise the
Bundelkhand region. The important landraces
are deshi jowar, khandva, baidara boria,
hathikunta, doka, sabet baidara, peeli baidara,
zunku, deshi jondi, chatkul, dugdugu, kathgav
deshi, salegar, deola, and sabet deshi. Mehran,
Swarguor, and Kushwaha are the main tribes
cultivating the jowar in these regions. The jowar
is mainly used for preparing roti, laddu, meheri
(dish with curd), popping (roasting the panicles
by hanging in the fire), chat, ghadha, chadula
(puri), kharka, samosa, kohri (panicles boiled in
water), dharia, and biscuits.

c. Evaluation of colored grain sorghum
genotypes for Fusarium mold resistance
(IK Das)
Twenty-five color-grain sorghum germplasm
lines were evaluated for resistance to infection
and grain colonization by mold causing
Fusarium. The lines (along with five white grain
genotypes as checks) were grown under field
conditions. Five panicles (at same stage of 80%
anthesis) in each row were selected and sprayinoculated with spore suspension (1x 108 spores/
ml) of mold causing Fusarium isolates.
Immediately after inoculation the panicles were
covered with paper bags for 3 days to maintain
humidity and to facilitate infection. Panicles
were harvested a week after physiological
maturity, dried, threshed and scored for mold
severity (1-9 scale). Fungal colonization in
threshed grain was studied using blotter method
under laboratory conditions.

Germplasm collection from North Gujarat: The
important landraces collected were Malwan,
Gundri, Deshi, Solapuri, Kamaparva and
Chachadia. Malwan is the famous dual-purpose
landrace with great demand of seed from the
farmers. Purification of this landrace from other
landraces is important to undertake seed
production of this landrace. This landrace is
originated from the village Malwan,
Surendernagar district. Kumbhasan region is
called as “Jowar ka khand” with 1500 ha areas of
sorghum cultivation. Gundri and Solapuri
landraces are also the saline tolerant lines.
Solapuri landrace is imported from Solapur,
Maharashtra which is a selection from M35-1.

Fusarium grain-infection ranged from 8 to 47%
among colored grain types and 8 to 80% among
white-grain genotypes. Eight color-grain lines
(out of 25) recorded less than 20% grain
infection by Fusarium. However, few of these
lines were susceptible to other mold-causing
fungi (such as Curvularia). The lines IS25100,
IS25070, IS25104 and IS8525 were resistant to
infection and colonization by Fusarium. These
lines recorded significantly less Fusarium
infected grain (10-14%) as compared to 296B
(58%). The former set also yielded more healthy
(free from any fungal infection) grains (20-55%
in each panicle) than 296B (1%), B58586 (3%)

b. Evaluation of local rabi germplasm (MS Raut)
Forty one local germplasms and 16 selected local
germplasms were evaluated along with M35-1,
CSV-18R, PKV-Kranti and DSV-5 as check during
rabi 2007-08. Ten local germplasm viz., Gurav,
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X S. usumbarense have resulted in 6-17% of seed
set in 18 panicles used for crossing. In
interspecific crosses involving S. bicolor as male,

and IS14332 (6%) in blotter tests (Table 1). The
color-grain lines IS25100 and IS25070 have
bolder grain (100 grain wt 2.6g) than the white-

(B58586)

(IS 25070)

Fig. 1: Fusarium mold resistant white (B58586) and red (IS 25070) grain lines
Table 1: Fusarium mold resistance of some selected coloured-grain genotypes compared with check 296 B
Genotypes

Fusarium
infection (%)

Healthy
grain (%)

TGS
(1-9 scale)

Grain size
(g/100)

Grain
shape

Panicle
type

IS 4131

30a (28)

6a (1)

6.0

2.6

circular

SL

IS 8525

21 (14)

30 (28)

4.3

1.7

circular

SL

IS 20831

23 (16)

28 (25)

4.7

1.8

elliptical

SC

IS 25100

21 (15)

31 (31)

2.3

2.6

elliptical

SL

IS 25104

18 (10)

42 (55)

4.0

2.3

circular

SL

IS 25070

21 (14)

26 (20)

2.3

2.6

elliptical

SL

B58586 (RC)

16 (8)

9 (3)

3.0

1.4

elliptical

L

IS14332 (RC)

16 (8)

14 (6)

3.0

1.5

elliptical

L

296B (SC)

44 (58)

6 (1)

7.3

-

circular

C

CD at 5%

7.8

5.7

2.6

0.6

-

-

a

Arc-sine transformed values(non-transformed values are in parenthesis); RC= mold resistant check; SC= mold susceptible check;
TGS= threshed grade mold score; C= compact; SC= semi-compact; L= loose, and SL= semi-loose panicle

seed set is observed when CS 3541 was used.

grain resistant check B58586 (1.4g) (Fig. 1) and
IS14332 (1.5g) and can be used in resistant
breeding programme.

S. bicolor X Saccharum officinarum (sugarcane):
While all the 22 F1s of the wide cross S. bicolor X S.
officinarum have flowered, none of the
backcrosses (F1 X S. officinarum) flowered
suggesting possible influence of day length and
hormones.

2. Pre-breeding & developing trait-specific
genetic stock
a. Wide hybridization (SV Rao)
S. bicolor X S. usumbarense: Crosses of S. bicolor
20
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in the F4 derivatives of crosses,
Indore 12 x ICSV 93046 and IMS 9B x
SR 833-23.

A

Combining ability for stem borer
resistance: 27 F1s were developed by
crossing 3 ms lines (27 A, 296A and
463A) with 5 stem borer resistant
sources and 4 promising R lines
during rabi 2007 in a LxT mating
design. The F1s thus developed were
sown along with the 12 parents in
RCBD and replicated thrice.
Observations were recorded on the
incidence of stem borer.

The stem borer resistant line, IS 2205
followed by the R lines CB 81 (GM
15018 x NR 9) and CB 72 (IS 345 x C
43) recorded desirable (negative)
gca effects for stem borer
deadheart percentage (Fig. 2). For
stem tunneling, IS 2205 showed a
positive gca which is not desirable.
B
BP 53 recorded desirable gca for
both deadheart percentage and
Fig. 2. Combining ability of parents for stem borer resistance
stem tunneling, even though at a
A - Stem borer deadheart percentage; B - Stem tunneling
lower magnitude. Besides the 2 R
lines CB 81 and CB 72 which showed
desirable gca for stem tunneling will be used in
b. Pre-breeding for insect resistance
crossing to get derivatives with improved stem
(C Aruna & PG Padmaja)
borer resistance.
Evaluation of F4 and F6 progenies for their
C. Combining ability for grain starch content in
reaction to stem borer: A total of 115 F4 and 69 F6
grain (S Audilakshmi)
derivatives from 7 crosses between the elite
A 8 x 8 diallel F1s along with parents were grown
breeding stocks, and stem borer resistant
during kharif 2008. Data were collected on plant
sources, were evaluated in field and borer
height,
time to flowering, panicle length and
deadhearts (%) and stem tunneling were
grain
yield
/ plant, and starch content, size and
recorded.
hardness of grains. Data were analyzed
Most of these progenies recorded less deadheart
according to Griffings’ model II. Analysis of
percentage and stem tunneling compared to
variance showed that all treatments (parents,
their elite parent. Eighteen genotypes in F6
hybrids and parents vs hybrids) were significantly
recorded stem borer deadhearts less than 25% as
different. The gca and sca effects were
against 22% in the resistant check IS 2205, and
significant (Table 2). Although mean
56% in susceptible check DJ 6514. Among them
performance of two parents 05R GTC SPA10 and
27B x PB 15881-3-35 (17% DH), R 354 x IS 2205-2
05R GTC SPA12 was high for starch content, only
(21% DH) and 27 B x PB 15881-3-25 (22% DH)
one parent 05R GTC SPA12 was a good combiner.
were best with both low deadheart percentage
Effects of sca were high and significant for few
and stem tunneling. Sixty selections were made
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Table 2. General and specific combining ability effects (gca & sca) of parents for grain starch content
sca effects
Parents

1 Parent

2 Parent

3 Parent

4 Parent

5 Parent

6 Parent

7 Parent

8 Parent

05R GTC SPA10

2.5

1.2

-5.1

3.0*

1.9

-4.9

-1.7

0.5

-1.0

2.6*

3.8*

-3.0

-1.2

-3.4

2.2*

-0.4

2.7*

0.2

0.9

-0.6

0.3

0.7

-3.1

1.6

-2.7

-6.8

1.3

2.4*

-0.7

-0.3

-0.3

3.6*

-1.7

1.6

2.2*

05R GTC SPA26
05R GTC SPA12
05R GTC SPA8
05R GTC SPA38
05R GTC SPA304
05R GTC SPA332
05R GTC SPA28

1.8*

05R GTC SPA110
gca Effects

0.2

-1.1 **

1.5 ***

-0.4

0.3

-0.6

0.3

-0.1

Parental Means

66.4

60.4

66.1

63.4

65.5

62

65.7

65.1

cross combinations.

NRCS F6-15 showed higher in digestibility (57%)
than that of CSV 15 (54%).

3. Marker-assisted selection for sorghum
improvement

d. Evaluation of selected F6 progenies of dualpurpose lines for grain and fodder yields
(AV Umakanth)

a. Evaluation of M35-1 x B35 RILs and
identification of QTL (R Madhusudhana)

A total of 15 F6 progenies were evaluated for
grain and fodder yields against standard check
SPV 1616 (CSV 20). This was the second round of
evaluation of advanced dual-purpose progenies
which also included brown-midrib types (7).

A total of 517 RILs and parents were evaluated
for staygreen and other traits of agronomic
importance to identify the QTL. The distributions
of phenotypic data for all the traits were normal.
Differences between RILs for all traits were
highly significant.

The results showed that none of the test
genotypes were significantly better than check
for grain yield. The entries viz., NRCS F6-4, NRCS
F6-9 and NRCS F6-10 significantly out-yielded the
checks in terms of fodder yield. NRCS F6-12 was
on par to the check in terms of grain yield and
was significantly superior for fodder yield.
Amongst the brown-midrib types, NRCS F6-14
was on par to the check for grain and fodder
yields while NRCS F6-18 was promising for fodder
yields alone. NRCS F6-20 followed by NRCS F6-19
were significantly early compared to the check.
For bold seed character, the entries NRCS F6-4,
NRCS F6-14 and NRCS F6-16 were promising. The
stover quality analysis done during rabi 2007-08
showed the stalks of brown midrib genotype

All the QTLs were identified with LOD threshold
value of 2.5. Over two seasons (kharif 2007 and
rabi 2007-08), QTL analysis for different traits
identified 41 QTL. Some of the QTLs were
consistent across 3 seasons (rabi 2006-07; kharif
2007 and rabi 2007-08), and accounted for a
significant amount of trait variability. There
were as many as nine major QTLs identified, of
which some were highly consistent (Table 3).
The present linkage map needs to be saturated
with at least 400 SSRs for identifying more QTL
regions responsible for the trait heritability.
It is interesting to note that same QTL region
between Xtp149-Xgap206U on SBI-01 is involved
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Table 3: Summary of QTL identified over 2 seasons in M35-1 x B35 RILs
S.
No. Trait

LG

Flanking markers

LOD

% R2

Additive
effect

Parent
contributing

Kharif 2007
1

Plant height (cm)

SBI-01 Xtap149-Xgap206U*

4.78

11.60

22.54

M35-1

2

Green fodder yield/pl(kg) SBI-01 Xtap149-Xgap206U*

4.93

11.30

0.046

M35-1

3

Ash content (%)

SBI-10 Xtxp290*-Xtxp337

7.48

19.50

0.91

M35-1

4

Crude Protein (%)

SBI-02 Xtxp7*-Xgap84

4.02

11.30

-0.51

B35

Rabi 07-08
1

Plant height (cm)

SBI-01 Xtxp149-Xgap206U*

3.84

9.2

10.28

M35-1

2

SPAD at booting

SBI-01 Xtxp149* - Xtxp43

3.91

10.3

-1.17

B35

3

Primary branches/panicle SBI-03 Stg9-SbAGE1*

6.14

15.7

-4.55

B35

4

Peduncle length (cm)

SBI-01 Xtxp335*-Xtxp328

6.49

15.1

-2.48

B35

SBI-03 Xtxp48*-Xcup14

5.19

12.9

-2.31

B35

* Nearest marker

in plant height and chlorophyll content. For
plant height, M35-1 allele is favorable, while for
chlorophyll, B35 allele is favorable. Thus, it is
possible that this locus may be pleiotropic or may
be tightly linked involving two loci individually
contributing to plant height and chlorophyll
content. A major QTL for ash content was
identified on SBI-10 between Xtxp290*-Xtxp337
markers which was consistently identified in rabi
2006-07 and Kharif 2007. This QTL accounts for
17% of the total trait variation in the
population. At this QTL, the allele form M35-1 is
favorable. Though M35-1 is better for the
number of primary branches per panicle, at the
QTL region on SBI-03 between markers Stg9SbAGE1 where Stg1 QTL is reported, the allele
from B35 is highly favorable. Thus, if we
introgress the Stg1 QTL from B35 into M35-1,
there is a possibility that the number of primary
branches may improve considerably.

(A2N184 x M1) segregating for A2 fertility
restoration were used. All these F2 populations
were grown in the field, and prior to anthesis
each F2 plant panicle was covered with a paper
bag to facilitate self-fertilization. Thirty to forty
days after bagging, each F2 plant was classified as
male-fertile (selfed-seed) or male-sterile (< 1%
seed set). Fertility/sterility data from 96 plants of
A1122 x M1 cross, 100 plants of A1KS57 x M3 cross
and 250 plants of A2N184 x M1 cross were
recorded (Table 4). SSR markers Drenhsbm95 and
Xcup05 were used to genotype the F2 plants and
single marker analysis was done to associate with
fertility restoration.
Of the F2 plants scored for seed set in the first
cross A1122 x M1, 77 plants were classified as
male-fertile and 19 were male-sterile. The
population segregated in a normal Mendelian
ratio (c
2=1.38, NS) indicating that a single
dominant locus controlled fertility restoration in
this cross on A1 cytoplasm. Similarly in the other
two crosses (A1KS57 x M3: c
2=0.16, NS and
A2N184 x M1:c
2=0.67, NS) based on A1 and A2
cytoplasms, single dominant gene was found to
control the fertility restoration.

b. Molecular tagging of restoration gene(s)
(R. Madhusudhana)
For tagging the fertility restoration gene(s) with
SSR markers, two F2 mapping populations (A1122
x M1 and A1KS57 x M3) differing for restoration
gene on A1 cytoplasm, and one F2 population

The two SSR markers on SBI-04, Drenhsbm95 and
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Table 4. Segregation for fertility restoration in F2 population (tested for 3:1 ratio)
F2 phenotype

Cross
No.

Crosses

F1

Total
plants

÷ 2 calculated

1

A1N122 x M1

Fertile

77

19

96

1.38NS

2

A1KS57 x M3

Fertile

77

23

100

0.16NS

3

A2N184 x M1

Fertile

181

69

250

0.67NS

No. fertile
plants

No. sterile
plants

NS: Non-significant

Xcup05 segregated in the ratio of 1:2:1
expected in F2 population (c
2=1.52, NS for
Drenhsbm 95, and c
2=3.0, NS for Xcup05). To
estimate the genetic distance between
microsatellite marker and restorer gene (Rf1),
19 recessive male sterility lines of cross A1122 x
M1 were used for genetic mapping analysis via
microsatellite markers. When both the flanking
markers were used, 14 sterile plants cosegregated with recessive allele, while only five
out of 19 individual lines exhibited a genetic
recombination. This indicated that the SSR
marker Drenhsbm95 and Xcup05 are linked
with Rf1 gene on A1 cytoplasm in the cross
under study.

resistance. Forty-one RILs were resistant to
anthracnose (score 3.£
0 on 1-9 scale), seventeen
were resistant to zonate (score £
3.0) while fortyone were resistant to rust (score £
3.0). Fifteen RILs
(13, 35, 36, 64, 79, 115, 89, 103, 108, 150, 151, 161,
177, 216 and 221) were highly resistant to all the
three diseases (score 3.0 on 1-9 scale).
QTL results indicated that the genomic region
flanked by plant color locus (PIcor) and SSR marker
Fdnhsbm107 on chromosome SBI-06 harbored a
major QTL for anthracnose, zonate leaf spot and
rust resistance. This co-localized region explained
15-25% of the trait variation. A second QTL for
anthracnose was detected on SBI-06 between
midrib color gene and SSR Xtxp145 accounting
10% of trait variation and for rust second QTL was
detected between Fdnhsbm33 and Fdnhsbm1 on
SBI-06 explaining 9% phenotypic variation.
Comparative analysis identified putative
candidate genes, sorghum RP1 and maize RP1-3
and proteins related to disease resistance such as
NBS-LRR are found in this region.

c. Phenotyping recombinant inbred lines (296B
x IS18551) for resistance to foliar diseases
(R. Madhusudhana)
One hundred sixty-eight recombinant inbred
lines (RILs) of cross 296B x IS18551 were
evaluated for their resistance against three
foliar diseases (anthracnose, zonate leaf spot
and rust) during kharif 2008 at, Hyderabad and
Udaipur. The RILs, their parents (296B &
IS18551) and other check varieties were grown
with three replications and were evaluated for
foliar diseases. The data were recorded on a 1
(resistant) - 9 (susceptible) scale at physiological
maturity. This phenotypic data was used to
locate the genomic regions associated with
foliar disease resistance through QTL approach
using MapQTL5 software following composite
interval mapping approach.

d. Marker-assisted improvement of M35-1 for
staygreen and 296B for shoot fly resistance
(R Madhusudhana)
A total of 131 BC2 F1s of M35-1 X B35 (B35 is
staygreen donor) and 60 100 BC2 F1s 296B
(derivative for 296B x IS18551 cross (IS 18551 is
shoot fly resistance donor) were grown in pots.
Genomic DNA was extracted from each of the
plants and examined for markers linked with
staygreen QTLs (Stg1 with SbAGE01, Xtxp38, Stg2
with Xtxp31 and Stg3 with Xgap84, IS10280 and
Xtxp19).

Disease severity of the RILs for the three foliar
disease followed normal distribution
indicating polygenic inheritance of the

For the Stg1, 14 BC2F1s were heterozygous at the
target allele in the foreground selection, for Stg2,
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35 BC2F1s were heterozygous while for Stg3, 13
plants were heterozygous. When combined all
the 3 QTL regions, BC2F1 102 was promising
since it had heterozygous loci at all the three
target QTL regions.

potential in forage sorghum by down-regulating
the CYP79A1 enzyme levels in the dhurrin
biosynthesis pathway. CYP79A1 antisense genetransformed cv. CSV 15 derived T1 plants from 27
events were studied for lowered HCN content for
forage use. T1 generation plants of 27 T0 events
were characterized by PCR (for bar transgene) and
analyzed for HCN content at 45 DAS, in
containment glasshouse with regular irrigations.
Each event was assayed along with nontransformed control. The plants tested positive
for transgene in PCR and were promising in terms
of lowered HCN content from 16 events were
advanced to next generation. The HCN content in
these plants varied from 5.1 to 149.8 ppm as
against mean HCN content of 211.5 ppm in non-

e. DNA marker profiling for apospory in sorghum
(B Venkatesh Bhat)
Apospory is a form of apomixis found in
Poaceae family. In a collection of sorghum
genotypes and few genera/ species of Poaceae
family using 14 DNA markers associated with
apospory, 136 polymorphic bands were
obtained. Maximum loci were found in RAPD
markers (07MOP and OPA12) followed by SCAR
markers (PAP8, C4P, PAP11); and more
polymorphism was observed in case of

Fig. 3. SCAR marker of Cenchrus ciliaris is amplified in all apomictic Poaceae members and a putative
apomictic line of sorghum.
M- marker; 1- to 12 Sorghum genotypes; 13-Cenchrus ciliaris; 14-Pennisetum pedicillatum; 15-Heteropogon contortus;
16-Dichanthium annulatum. Lane 3 genotype is a derivative of R 473 line

apomictic species compared to single genera
Sorghum, as expected (Fig. 3). This was true for
all the markers tested. The sorghum SSR
marker Xcup61 also exhibited polymorphism in
other Poaceae members tested.

transformed control. Progenies with substantially
lower leves of HCN content were observed in the
events 41, 21, 20 and 37 (Fig. 4).
b. Molecular analysis of sorghum cry1B transgenics
(D Balakrishna)
Sorghum genomic DNA from T3 transgenic plants
were digested with BclI, which cut only once
within the Bt gene, allowing the estimation of
transgene copy numbers in individual transgenic
plants. The digested DNA was separated in 0.8%
agarose gels. DNA was transferred to positively
charged nylon membrane by capillary blotting

4. Genetic transformation for sorghum
improvement
a. Development of low-HCN accumulating
forage sorghum using anti-sense approach
(B Venkatesh Bhat)
An attempt was made to reduce the toxic HCN
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A

B

C

D

Fig. 4. HCN content (in ppm, on dry weight basis, 45 days after sowing, on Y axes) of promising T1 plants
(plant ID on X axes) A- Event 41; B- Event 21; C- Event 20 and D- Event 37. Control- Non-transformed
and cross- linked by heating at 80°C for 2 hours.
The blot was probed with non-radioactively
labeled PCR amplified cry1B gene fragment.

borer (Chilo partellus Swinhoe) larvae into the leaf
whorls when plants are 20-25 days old. Transgenic
plant progenies were individually infested with 10
larvae plant-1. After 7 and 10 days of infestation,
the leaf feeding damage, deadheart, larval
mortality, larval weights and stem tunneling were
recorded. Quantification of Cry1B protein
expressed in sorghum transgenic population was
determined by indirect ELISA using rabbit
antibodies developed against Cry1B antigen.

Southern analysis was performed with T3
generation sorghum transgenic plants of event
19 digested with BclI (BclI site not present
within the T-DNA borders of pCAMBIA3300-1B)
for copy number. The size of the expected
hybridization band was 12.7 Kb (Fig. 5); this
clearly indicated single copy integration of
cry1B gene in the transgenic event 19.

Insect bioassay studies: Two sorghum transgenic
events (Event 4 in T2 generation and event 19 in T4
generation) showed consistent resistance in insect
bioassay studies in terms of less leaf feeding score
(Fig. 6a), absence of stem tunneling (Fig. 6b) fewer
number of surviving larvae survival and percent
reduction in larval weights of fourth instar larvae
(Fig.6c, d & Table 5). These results clearly indicated
that the sorghum transgenic plants with cry1B
gene showed high levels of resistance against stem
borer.

c. Insect bioassay and quantification of Bt
(Cry1B) protein in transgenics
(PG Padmaja & D Balakrishna)
This investigation was aimed at identification
stable T2, T3 and T4 transgenics carrying cry1B
gene and quantification of Bt protein.
Transgenic plant progenies of events 7, 8 & 17
in T1 generation and event 19 in T2 & T3
generation carrying cry1B gene along with the
control (M35-1) plants were evaluated by
releasing the 10 neonate (first instar) stem

Ninety-six hours after larval release on transgenic
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P1-P10-plants from
T3 generation of event 19
NC-negative control
(Non-transformed)
Arrow indicates the
Expected 12.7 Kb
band

Fig. 5: Southern analysis of cry1B gene T3 generation transgenic plants
Table 5: Leaf-disc bioassay of transgenic sorghum plants carrying cry1B gene showing resistance against
spotted stem borer larvae (Chilo partellus)
S.No

Generation
(transgenic)

Leaf damage (%)

Larval mortality (%)

% reduction in larval
weights (fourth instar)

1

T1

10-80

20-100

32

2

Control

80

0

NA

3

T2

10-40

40-100

41

4

Control

70-80

0

NA

5

T3

10-30

60-100

43

6

Control

70-80

0

NA

7

T4

10-30

80-100

57

8

Control

70-80

0

NA

Control: Non-transformed plant (M35-1); NA: Not applicable

plants using leaf-bit assay, the larval mortality
was 100%, as compared to 100% survival on
leaf bits of control plants. The leaf feeding
range on transgenic plants was 10-80%, larval
mortality was 20-100% and percent reduction
in larval weights range was 32-57 %. There was
no tunneling in transgenic plants when
compared to severe tunneling in nontransgenic controls.
Indirect ELISA: Cry1B protein was quantified by
standardized Indirect ELISA protocol using
polyclonal rabbit antibody raised against Cry1B
antigen. The negative control leaf samples
showed some signal values due to non-specific
antibody binding. To avoid the non-specific

binding, addition of Cry1B protein into leaf
extract of non-transgenic plant was done to
produce absorbance values that allowed the
positive identification of the presence of cry1B
protein when compared to the negative control
sample. Three plant populations of event 19 were
analyzed. The range of protein expressed in B1-3827 was 1.8 to 2.3, B1-38-28 was 1.7 to 3.0 and B138-4 was 1.0 to 2.2 µg/g leaf tissue.
d. Sorghum transgenics for salinity tolerance
(D Balakrishna)
To develop sorghum transgenic plants for salinity
tolerance, shoot tips explants of 296B, SPV 462 and
CS 3541 genotypes were infected with
Agrobacterium gene construct carrying PcSrp
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6a. Leaf feeding
symptoms

A. Non-transgenic leaf B.
Transgenic leaf

6b. Stem tunneling

A.Tunneling and larval
survival (arrow) in stems
of non-transgenic
B.No tunneling on
transgenic stem

6c. Exit holes

A. Exit holes on nontransgenic plant (arrow)
B. No exit holes in
transgenic plant

6d. Difference in size of larvae (fifth
instar) fed on control and T4
generation transgenic plants
A. Larvae survived in non-transgenic
plants
B. Dead larvae in T4 generation
transgenic plants

Fig.6. Insect bioassays of Bt transgenic sorghum using leaf-bit assay

gene driven by maize ubiquitin promoter. The
seeds obtained from 15 T0 transforments were
subjected to stress at 200 mM NaCl at the
germination stage by keeping seeds on
prewetted blotting paper soaked with NaCl.
The segregation pattern for tolerance or
susceptibility to NaCl was recorded based on
seed germination percentage (Fig.7). Out of 15
events tested, seeds in 7 showed germination

percentage to fit to the expected 3:1 ratio. The
non-transformed control seed failed to germinate
in 200 mM NaCl (Table 6).
Genomic DNA from twenty four plants of T1
transgenic event S40 carrying gene for salinity
tolerance pcSrp were digested with KpnI, which
cut only once in the gene construct. This allowed
the estimation of transgene copy numbers in
individual transgenic plants. Twenty two plants
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introgression with exotic germplasm
(Prabhakar)
To develop new parental lines with diversity and
to broaden the genetic base of rabi materials, 212
indigenous and 57 exotic breeding stocks were
screened for identifying B and R gene reactions on
A1 cytoplasm. Forty five new CMS lines (34
indigenous and 11 exotic) out of 226 A/B pairs
(BC4/BC5/BC6) tested were identified. Further, 94
pairs are now converted in BC1/BC2/BC3 generation.
b. Rabi varietal improvement (Prabhakar)
Fig.7: Analysis of T1 transgenic plants for
salinity tolerance

Out of 172 improved breeding lines tested
separately during rabi-2007-08 on shallow,
medium and deep soils, 40 new promising lines
were selected. They were superior over the checks
M35-1, Mauli, and CSV-216R.
Among the
selections, 30 were 3-5 days earlier than the check
(for earliness) Mauli on shallow soil. Further, 16
lines on deep soil matured even earlier than CSV216R. For grain yield, 26 lines were significantly
superior to Mauli on shallow and 12 lines on deep
soil over CSV-216R. The selected lines for shallow
soils viz., SLV-15, 29, 31, 40, 43, 51, 64, 67 and 111

out of 24 plants tested for Southern analysis
showed the single copy integration. These data
were supported by the segregation analysis
data (germination test in 200 mM NaCl), where
plant from these events segregated in
Mendelian ratio.

5. Rabi sorghum improvement
a. Diversification of parental lines by

Table 6. Seed germination study of T1 transgenic plants using NaCl
S.No

2
c

Event no

No of seeds tested

Germination

No germination

1

S3

44

38

6

3.03

2

S11

48

35

13

0.11

3

S17

48

32

16

1.77

4

S23

24

14

10

3.55

5

S24

48

12

36

64

6

S27

48

36

12

0

7

S29

48

11

37

69.44

8

S31

32

27

5

1.5

9

S32

48

36

12

0

10

S35

48

45

3

9

11

S40

48

46

2

11.11

12

S41

48

28

20

7.11

13

S49

48

37

11

0.11

14

S50

24

18

6

0

15

S51

48

43

5

5.44
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gave 5.6 to 37.8% more grain yield than Mauli.
On deep soil, the lines SLV-44, 46, 50, 55, 74, 80,
82, 97, 99, 101, and 109 showed 7.3 to 26.5%
superiority for grain yield than to be made in to
over CSV 18.

The selected hybrids gave 7.5 to 45.8% more grain
yield than CSH-15R (Table 7); while their fodder
yield was same or superior over the hybrid check.
Combining ability studies: Combining ability
studies involving 5 females and 4 males revealed
the presence of significant differences due to
lines, testers and line x testers. The estimates of
variance components exhibited presence of
additive gene action for all the characters studied.
Considering the general combining ability, effects
of parents, female SL-9B and males SLR-57 and
SLR-30 were good general combiners for grain
yield and the female SL-39B and male SLR-66 were
good general combiners for earliness. The crosses
104B x SLR-30, SL-9B x SLR-57, SL-9B x SLR-30 and
104B x SLR-57 are identified for improved grain
yield, and crosses SL-19B x SLR-66, SL-9B x SLR-66
and SL-39B x SLR-57 have been selected for
earliness.

c. Development of rabi parental lines (Prabhakar)
B and R line improvement programme led to
selection of 99 B lines out of 267 tested and 54 R
lines (out of 89). Further during the year, 41 B x
B, and 34 R x R crosses were made to enhance
rabi adaptability including better grain quality
and higher grain size.
B line improvement: We evaluated 24 B lines
and found that 10 B lines flowered earlier than
M35-1. Further, 6 B lines produced significant
superior grain yield than the check 104B. The
selected B lines viz. SLB-11, 12, 19, 32, 35, 39, 42,
43, 44, 46 and 47 recorded –10.6 to 41.7% more
yield than the check.

Stability of new varieties: Genotype x
environment interactions in 22 rabi sorghum
varieties were studied over 3 environments for
time to flower, grain and fodder yields. Significant
differences were observed among environments
and varieties for the characters studied. The G x E
interactions for the characters was significant and
the significant mean squares due to environment
(linear) indicated the existence of real varietal
differences in characters for regression over
environmental mean. Four varieties - SLV-15, SLV29, SLV-45 and CRS-1 - were found to be stable for

R line improvement: Out of 36 R lines tested, 10
flowered earlier than M35-1. Six R lines gave
significantly superior grain yield than check RS585. The selected R lines, viz. SLR-10, 17, 25, 30,
32, 34, 46, 60, 62, 68, 70, 71, 72, 73, and 109
gave 8.2 to 36.4% more grain yield than the
check RS-585. The fodder yields were also
higher in these selections than in checks, and
the seed size was > 3.59 g/100 seeds.
Evaluation of experimental hybrids: All the 67
experimental hybrids tested were fully fertile.

Table 7: Evaluation of experimental rabi hybrids
Hybrid

Time to
Mature (days)

Grain
Yield (kg/ha)

Percent increase over
CSH15R (grain yield)

104A X SLR-31

110

2748

19.8

104A X SLR-17

109

2407

4.9

104A X SLR-46

111

2389

4.1

104A X SLR-70

112

2452

6.9

104A X SLR-57

114

3127

36.3

CSH-15R

112

2293

-

M35-1

114

1968

-8.5

CD at 5%

231

CV %

17.4
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earliness, and therefore they can be directly
used for breeding earliness. For grain yield, the
varieties SLV-40, SLV-43, SLV-44, SLV-50 and
SLV-51 were the most stable under rainfed
situation. For both grain and fodder yields, the
stable varieties were SLV-40, SLV-43, SLV-44
and SLV-51.
d. Evaluation of hybrids produced from pooled
A and R lines for grain yield and other traits
(Prabhakar)

AKRMS 66A x Gidda maldandi, AKRMS 82A x RS
647, 1409 A x M-4 and AKRMS 69A x Gidda
maldandi. AKRMS 69A x Gidda maldandi was the
tallest among the test hybrids. AKRMS 47 A x M-4
and AKRMS-67A x M-1 were the bold seeded
hybrids. Highest panicle length (33 cm) was
recorded by 1409 A x RS-647, AKRMS 66A x M-13
and AKRMS 69A x M-13.
e. Evaluation of rabi breeding lines and landraces
for terminal drought tolerance (HS Talwar)
Identifying sources of terminal drought tolerance
and examine the relationship of leaf traits with
yield components: Twenty rabi selections were
sown in replicated trial under two water regimes
(+ and - irrigation during terminal growth period).
The crop was irrigated (whenever required)
throughout crop season in ‘+’ irrigated treatment,
while in ‘-‘ irrigated treatment, irrigation was

Along with the check M35-1 (variety), 23
hybrids were tested for suitability for rabi
cultivation. AKRMS-67A x M-1 was the highest
yielding rabi hybrid with a grain yield
superiority of 166 % over M35-1. The next best
hybrids which registered a superiority of more
than 100% over M35-1 for grain yield were viz.,
1409 A x RS-647, 1409 A x Gidda maldandi,

A

B

C

D
TS= Drought at terminal growth; IRR = irrigation

Fig. 8. Relationships of SPAD values with total dry matter (TDM) and grain yield
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withheld from flowering initiation onward.
Observations on plant height, SPAD,
phenology, growth parameters, and yield
components were recorded.
Significant genotypic variations were noticed
for yield and their components among the 20
genotypes. SLV 35, CSV216R, Mauli, SLB 9 and
SLR 25 produced higher total dry matter than
other genotypes while CSV 216R, SLR 25, SLB 9,
PVK Kranthi, and Parbhani Joyti recorded
higher grain yield. The minimum reduction in
total dry matter and grain yield under waterdeficit conditioned was recorded in SLB 9 and
PVK Kranthi.

significantly superior to the check. Maximum
grain yield of 6436 kg/ha was recorded by hybrid
05R GTC HM1 X 05R GTC PEM64 against 4353
kg/ha of check, CSH 23 (48% increase).

7. Sweet sorghum improvement
a. Evaluation of sweet sorghum experimental
hybrids (AV Umakanth, M Elangovan & B
Venkatesh Bhat)
Three sets of experiments were conducted to
evaluate sweet sorghum hybrids. The first set
consisted of 407 hybrids produced utilizing the 27
sweet sorghum female parents, non-milo (A3)
CMS lines (19) and the 29 available restorers. The
second set of 134 hybrids were generated using
germplasm based male parents, and the third set
of 35 were based on advanced breeding stocks as
their parents. CSH 22 SS hybrid served as the check.

A significant and fairly strong relationship (R2
=0.45, n=40) was recorded between SPAD
values and TDM produced both under irrigated
and terminal stress condition) (Fig. 8). Similarly
relationship between the proportion of SPAD
values under TS conditions and proportion of
TDM produced under TS conditions over
irrigation was stronger and significant (R2
=0.54, n=40). Although their relationships with
grain yield are weak, the trend indicates that
selection using SPAD values afford about 50%
chance for selecting genotypes with higher
TDM, and 25% chance for grain yield.

Set I: Out of 407 hybrids evaluated, around 124
showed brix in the range of 16-21 %. Among
these, 62 were fertile. Stalk juice of hybrid ESSH
169 showed highest brix of 21%. Most of the
hybrids flowered in the range of 71-93 days. The
hybrids NRCS ESSH-74 (71 days) and NRCS ESSH158 (78 days) were fertile and early but cane yields
were low. NRCS ESSH-81 and NRCS ESSH-153
appear promising with high cane yield in the
fertile category while NRCS ESSH-27 and NRCS
ESSH-194 were promising with high brix and cane
yields in the sterile category.

6. Kharif grain sorghum improvement
a. Hybrids based on new R lines (C Aruna)

Set II: The time to maturity of 134 hybrids ranged
between 100-130 days. The plant height was
between 260-582 cm. The brix percentage ranged
2-20 %. Eight hybrids SSH 2, 29, 44, 67, 71, 87, 90
and 126 showed stalk juice with brix ranging from
18-20%, coupled with high biomass. Most of the
hybrids with ³
15% brix were good biomass
yielders (5.0-8.2 kg/plant).

Among the 46 hybrids along with 2 checks were
tested. 27 A x CB 29 was the best hybrid with
20% increase in grain yield over CSH 16,
followed by 2295 A x NR 486 with 19%, and 279
A x CB 11 with 18% increase. 415 A x CB 29 was
the earliest hybrid that flowered in 60 days and
recorded 12% increase over CSH 23. Two more
hybrids, 372 A x CB 26 and 415 A x CB 33 which
flowered early (as check CSH 23), yielded ³
15%
grain yield than CSH 23.

Set III: The hybrid NSSH 878 was superior to the
check in terms of stalk yield; hybrids NSSH 879,
NSSH 881, NSSH 888, NSSH 892 and NSSH 894 were
high in brix.

b. Evaluation of grain hybrids based on new MS
lines (S Audilakshmi)
Among the 46 hybrids based on new MS lines,
15 showed 10 to 48 % increase in grain yield
over the check CSH 23. The grain yields of
hybrids 05R GTC HM1 X 05R GTC PEM64 and
05R GTC HM6 X 05R GTC PEM56 were

b. Evaluation of sweet sorghum B lines
(B Venkatesh Bhat)
A set of 35 sweet sorghum B lines were evaluated
for brix and biomass yields. Highly significant
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differences were recorded for brix, fresh stalk
weight, plant height and stem girth. The B lines
NSSB 20, NSSB 25 and NSSB 1008 were superior
for brix yield (>18.5%) while B lines NSSB 7,
NSSB 11 and NSSB 1001 recorded highest fresh
stalk yield (>500 g/per plant). These promising
MS lines are useful for developing hybrids with
R lines that possess tolerance to biotic and
abiotic stresses and can complement for sugar
content and biomass production.

the extracted juice for longer periods under
ambient conditions is important to withstand any
delay in juice processing. Six sweet sorghum
cultivars (4 varieties, and 2 hybrids) were used as
test materials to study the effect of length of
storage on reduction in juice brix and sugar
content (Fig. 9). These were were grown under
rainfed conditions in kharif 2008. The juice was
extracted from each cultivar immediately after
physiological maturity and stored for 7 days in the
ambient room conditions. The 6 genotypes were
treated as main-plots and 8 treatments including
control were assigned to subplots adoting the split
plot design. Data on juice brix, components of
sugar was analyzed every day up to seven days
after storage along with a control (0 hour).

c. Promising advanced progeny of sweet
sorghum (F7) for juice quality (M Elangovan)
Thirty-seven sweet sorghum F7 lines were
evaluated along with 12 parental lines in RBD
with three replications. The entries with more
than 19% brix in the field at physiological
maturity were used for juice analysis in the
laboratory. A total of 25 F7s were identified
with high brix (range: 20-21%) and biomass
(range: 700-1300 g per plant). The total soluble
sugar ranged from 11.55 to 18.36%, sucrose
ranged from 9.74 to 15.95% and the purity of
the juice varied from 73 to 79%. Seven
genotypes SSS 13, 33, 42, 49, 60, 62, and 72 had
brix in the range of 19-21%, biomass 0.54 - 0.94
kg/plant, TSS% 17-18, and juice purity 75-78%.

Significant differences were observed for main
effects, sample effects for brix, TSS, RS and sucrose
content, but the interaction effects were not
significant. With increasing time, there was a
continuous decrease in brix content, TSS and
sucrose up to 7 days after storage. On the other
hand, the RS increased five-fold from 1.0 to 5.1 %
up to 7 DAS due to inversion. The reduction in brix
content was 13% and that in total sugars was 5 %,
until first 2 days of storage followed by rapid
decline. The results suggest that the juice brix and
total sugar content of the juice can be retained up
to 2-days without much significant losses in sugar
quality when stored under ambient room

d. Sweet sorghum juice sugar quality under
ambient storage conditions (SS Rao)
Identification of cultivars that retain sugars in

Fig. 9. Effect of duration of juice storage in ambient room condition on reduction in brix content in
sweet sorghum genotypes
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Fig. 10. Effect of juice storage in ambient conditions on reducing sugars
conditions.

biomass and bagasse were made (Fig. 11 & Table
8).

Among the cultivars, SPSSV 30 has shown
distinct superiority and stability in storage for
brix, TSS, and sucrose across 7-days after
storage. It had maintained very high brix
(19.2%), TSS (14.8 %), and sucrose (9.5 %)
followed by SSV 74 across 7 days after storage.
On the other hand, both SSV 84 and CSV 19 SS
showed least inversion of sugars as they have
recorded less reducing sugars during 6 days of
storage than others (Fig.10).

Sweet sorghum varieties Urja and SSV 74 followed
by SSV 84 have least starch filled parenchyma filled
with syrup. They also had less collenchyma
resulting in less bagasse.
Hybrids of grain
sorghum had more starch deposition in the nodes
across the genotypes studied. Hybrids of sweet
sorghum were not superior to varieties for cells
with low starch. The starch deposition occurred in
a centrifugal pattern with highest concentration
in the middle of the core in all the genotypes.
Sorghum x sugarcane hybrids had more
collenchyma than either parents.

e. Histo-chemistry and cyto-anatomy studies in
sweet and grain sorghum (SV Rao, SS Rao &
KBRS Visarada)

Sugarcane is distinctly different in the nonformation of starch granules and this character is
dominant in the wide crosses.
The sweet
sorghums have low formation of starch granules in

Histochemistry and cyto-anatomy of sweet
sorghum, sugarcane-sorghum hybrids and the
conventional grain type were studied.
Comparisons for other factors such as brix,

Fig. 11. Histo-chemical staining of stele
bundle and cell wall of sugarcane
Note the total absence of starch in parenchyma. The
section (400x) is combined with the movable graph
paper software for recording area covered by
different tissues
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general compared to the other grain sorghums.
Sugarcane forms low volume of fiber cells but
the hemi-cellulose in the sugarcane cells is
higher and may contribute to the bagasse. This
character is also dominant in the first F1
between the two species.

(rawa kesari, rawa laddu and Appam), baked
foods (cake and biscuits) and snack foods (Muruku,
vada, Pakoda, Namakpara, chekkalu, chegodi, and
punugulu) were analyzed. The weight of each
ingredient used was recorded before preparation
so as to correlate the nutrients analyzed after the
preparation. A homogenized food sample (100 g)
was used for analysis. The values were expressed as
g or mg per 100 g of the sample. The nutrients
analyzed were carbohydrates, proteins, fat,
vitamins (thiamine, riboflavin, niacin, pyridoxine,
folic acid, and ascorbic acid), and minerals
(calcium, iron, copper, magnesium, chromium,
and zinc). The estimations of the various
parameters were done by standard AOAC
analytical protocols.

8. Forage sorghum improvement
a. Evaluation of multi-cut forage hybrids
(B Venkatesh Bhat)
A set of 35 multicut forage sorghum hybrids
were evaluated for two cuts during kharif 2008.
The first cut was taken 70 days after sowing,
and the second after 45 days. The hybrid NMFH
931, followed by NMFH 958 and NMFH 948
were superior to rest of the entries in terms of
total green forage yield from two cuttings. All
the hybrids were superior to the checks in terms
of total green forage yield. One hybrid NMFH
936 recorded high forage yield in the second
cut as well.

Roti and breakfast foods: Roti and breakfast foods
had low fat content (range: 0.30-3.4 g) compared
to sweet dishes and snack foods. The nutrient
availability in roti was much higher than that in
breakfast items. The carbohydrate content is much
higher in roti followed by that of idli and dosa and
upma. Highest protein content was observed in
idly and upma followed by dosa. The vitamin
content especially thiamine is high in fermented
foods [8-fold in dosa and 14-fold idli] which may
be due to the presence of black gram, and the
fermentation process. Minerals (calcium, Iron and

9. Sorghum for food use
a. Evaluation of nutrient composition of
sorghum foods (CV Ratnavathi)
The nutrient composition of 16 sorghum food
products was evaluated. Besides roti, breakfast
foods (upma, dosa and idli), sweet recipes

Table 8: Micro-morphological characters of sweet sorghum and wide crosses internodes at harvest period
Entry

Percent area of Parenchyma
in different layers

Percent fiber cells in stele
bundle in different layers

Hemicellulose /
lignified walls / mm2

Top

Middle

Core

Top

Middle

Core

SSV 74

11

46

86

43.3

23.3

6.8

23.16

SSV 84

14

43

71

33.3

14.8

6.3

18.08

RSSV 9

9

67

79

43.0

20.0

9.3

24.08

URJA

32

86

93

42.0

13.3

3.6

19.50

NSSH 104

12

68

89

47.5

17.8

4.3

23.08

PAC 4093

15

47

71

36.5

16.3

6.3

19.66

SPV 1616

14

27

86

42.5

36.3

11.3

30.00

CSH 18

18

34

76

40.8

16.8

5.0

20.83

Sugarcane

41

79

88

38.3

17.0

10.5

21.91

Sorghum
(Jowar) x sugarcane (JS)

28

54

72

30.8

29.3

11.3

23.75

(JS) x sugarcane

18

68

76

32.3

18.8

16.5

22.50
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zinc) were high, but in roti and in breakfast foods
there were low.

were evaluated along with five checks at high
rainfall zones of Karnataka (Hasan and
Dharwad), besides at Hyderabad during kharif
2008. The experiment was conducted in a splitplot design, where in locations were the main
plots and genotypes were the sub-plots with
three replications.

Sweets and baked foods: Sweet dishes and
baked foods contained similar levels of nutrients
in breakfast foods, except for minor difference in
fat content. Rawa laddu and cake were similar
for fat content (30.47% and 30.10%). Rawa
kesari had low fat content with higher protein,
thiamine and calcium contents; so it was the best
among the nutritive sweets studied.

High amount of rainfall received at crop maturity
stage aided in the development of grain molds at
Hasan and Dharwad. The mean mold score was
highest at Dharwad, followed by Hyderabad and
Hasan. Out of 25 lines tested, 12 entries viz.,
219A X CB 29, 219A X CB 33, 219A X CB 32, BN
1309-R07, BN 1314-R07, BN 1316-R07, BN 1320R07, BN 1324-R07, BN 1325-R07 were resistant
with a mold score of <4 on a 1-9 scale (1=least
mold) in all the locations tested, where the
susceptible checks viz., Bulk-Y and 296B recorded
from 8-9, while resistant checks recorded 2.0 to
2.5.

Snack foods: The fat content in the seven snack
foods studied is highest compared to sweet and
breakfast foods since they are fried in oil. Among
the snack foods punugulu had low fat (8.23%)
and high carbohydrates (75.66 %).The carbohydrate content did not vary with other two
types of foods. However protein content in
pakoda was 10.5 %, due to the blending of
chickpea flour. The mineral and vitamin content
was lower than the other foods.

b. Reaction of public and private sector cultivars
to ergot (TG Nageshwar Rao)

b. Evaluation of grain quality parameters for the
specific end-product use (CV Ratnavathi)

Fifty-two public and private sector sorghum
hybrids procured from different markets of the
country were evaluated along with four checks
viz., IS 18551, IS 2312, DJ 6514 and local check for
their performance at DSR, Hyderabad. The crop
was sown on July 16, 2008. The crop flowering
period coincided with a temperature of < 20ºC
with a relative humidity of above 80 percent and
above which led to the highest incidence of
ergot in these entries. Ergot infestation severity
was recorded on a 1-9 scale, where 1= there is no
infection and panicle is free from secretion of
honey dew, while 9= >75% of the panicle is
ergotted.

To identify suitable genotypes for the specific
end-products, 300 genotypes including
germplasm and advanced lines and released
genotypes were analyzed for grain size, grain
weight and endosperm texture.
Milling
properties of the grain and recovery of the semiprocessed products like semolina, flakes and
pops depend on the grain physical characters.
Among the 300 genotypes, 25 genotypes with
grain size 3.35 µm and, more than 3.9 g for 100
grain weight and endosperm texture grade 5
were more suitable for semolina production.
Eighteen genotypes were found suitable for
flour. Apart from having floury endosperm,
these genotypes had grain size 3.35 µm and
grain weight more than 3.5 g per 100 grains.
However, such genotypes yield less semolina and
therefore are suitable only for snack foods and
bakery foods apart from making roti.

Based on the observations of ergot intensity, all
the entries could be classified in to five
categories. Nine entries recorded <5 ergot, while
two entries were in 5-6 group, 6 entries were in
6-7 group, 15 entries were in 7-8 group and the
rest in the last group. Some common entries like
CSH-9 obtained from different sources were
planted, which gave differential reaction. One
lot recorded <5, while the other recorded 9.

10. Crop health
a. Multi location evaluation of grain mold to
identify stable resistant lines across locations
(TG Nageshwar Rao)

c. Evaluation of dual sorghum, sweet sorghum
and germplasm lines against stem borer and

Twenty-five advance generation breeding lines

36

Research Accomplishments

shoot bug (G Shyam Prasad & VR Bhagwat)

infestation.

Forty-three dual purpose lines from northern
Indian plains, 71 germplasm, 87 sweet sorghums,
and 54 sweet sorghum B and R lines were planted
along with resistant (IS 2205) and susceptible (DJ
6514) checks for borer. The shoot fly infestation
was avoided by early planting during 2008 rainy
season.

The observations on deadhearts, leaf feeding,
per cent stem and peduncle tunneling and
number of exit holes/stalk caused by borer were
recorded. Data on number of plants with C.
partellus deadhearts were recorded at 45 DAE,
and expressed as percentage of the total number
of plants. Leaf feeding by C. partellus larvae was
assessed; two weeks after artificial infestation
(scale 1-9). Further, the shoot bug damage to
plant (natural infestation) was assessed at 75
DAE on a 1-9 scale. Results of each set of material
are summarized in Table 9.

Twenty days after emergence (DAE) the plants in
the field were individually infested into the leaf
whorl by placing the nozzle of the bazooka. At
each stroke, 5 to 7 larvae were released in the
morning between 0800 - 1100 hours into the
whorls to cause an optimum level of borer

d. Study of the role of silica in imparting resistance

Table 9. Response of sorghum lines to stem borer and shoot bug infestation (Kharif 2009, Hyderabad)
Material

Mean
Range of Best entries
DH%
DH%
(45DAE)

Shoot bug Score Lines resistant to
damage Range both insects
score (1-9)

Dual purpose 17.3
sorghums
from North
Indian plains
(93)

9.3 – 41.6 P-23, P-45, PGN 30, PFGS37, Satpani, PGN 40, PGN
56, Local 5, Lawa, PFGS
93, PGN 75, PGN 61, PGN
39, PGN 72, PGN 53 and
PGN 35

4.5

3.0 –
8.3

PGN 30, PFGS 37,
Satpani, PGN 40,
Lawa, PGN 75, PGN 61,
PGN 39, PGN 35 were
tolerant to stem borer
and shoot bug.

Germplasm
lines
(71)

18.2

9.7 – 44.1 GGUB 13, CJV 25, GGUB
27, EJ 22, EC 15, ES 21,
GGUB 61, NSJB 6585, EP
61, GGUB 50, E 63, NSJB
6662, GGUB 68, NSJB
6577, EG 21, SEVS 21,
GGUB 28, EP 31, E 20,
GGUB 29, NSJB 6629 and
EP 37

5.6

4.0 –
7.6

CJV 25, GGUB 27, EJ
22, EC 15, ES 21, EP 61,
GGUB 50, E 63, GGUB
68, EG 21, GGUB 28, EP
31 and E 20 tolerant to
stem borer and shoot
bug.

Sweet
20.5
sorghum lines
(87)

9.1 – 43.0 IS 18164, ICSV 93046, E 38,
IS 5353, KARS 95, GGUB
50, ICSV 700, E 27 and IS
21901

5.7

3.3 –
7.6

IS 18164, ICSV 93046, E
38, IS 5353, KARS 95,
GGUB 50, ICSV 700
tolerant to borer and
shoot bug.

Sweet
sorghum B, R
lines
(54)

9.8 – 46.3 S 06-39, NSSB 2, NSSB 1,
S06-37, NSSB 10, S 06-45,
NSSB 1003, ICSB 51, S0644, GL 84, S 06-44, NSSB 4
and NSSB 3

5.9

4.0 –
7.6

NSSB 2, NSSB 1 and
NSSB 1003 tolerant to
stem borer and shoot
bug.

21.9

DH - Deadhearts; DAE - Days after emergence
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to sorghum against shoot pests (G Shyam Prasad
& HS Talwar)

Main treatments were imposed by irrigating the
crop throughout crop season in ‘+’ treatment,
(whenever required)’, while in ‘–‘ treatment it
was withheld from start of flowering. Similarly,
crop was fully protected from the insect pests
through the season in ‘+’ plant protection
treatment during terminal growth period’.
Observations on plant height, phenology, leaf
area, growth parameters, yield components,
aphid attack and charcoal rot infection were
recorded.

The resistant (IS 2205) and susceptible (DJ 6514)
genotypes were grown in pots @ 4 plants/pot
with soils fertilized with silica sources (sodium
silicate) at 3 and 5 mM diluted in 2700 ml of
water) on alternate days @ 900 ml/ pot/day. The
seedlings were artificially infested at 20 DAE
with 10 neonate borer larvae and damage by
borer assessed in terms of deadhearts and exit
holes at 45 DAE. The leaf discs (45 days old) were
subjected to bioassay. Each leaf disc (4 cm2) was
inoculated with 10 neonates in petriplate and
scored for leaf scrapping on 1-9 scale after 4 days
of infestation. There was significant influence of
silica application in reducing damage by Chilo
partellus.

The results indicated that genotypes differ
significantly for all the parameters except
charcoal rot infection irrespective of the water or
plant protection treatments. Water stress and
plant protection measurements affected all the
growth parameters
and aphid attack
significantly. The only exception was the plant
height in ‘– ‘ treatment as height do not increase
after flowering in this determinate species. The
interaction of plant protection measurements
with terminal water stress was significant for
specific leaf weight, panicle weight, grain
weight, harvest index and aphid attack.
Interaction of genotypes with terminal water
stress was significant for all traits except plant
height. Significant interactions between aphid
population and moisture condition during
terminal season and plant protection
measurements were noticed. Terminal stress
seems to enhance the charcoal rot infection in all
the genotypes, while interaction between
genotypes and water regimes and plant
protection measurements for charcoal rot
infections were non-significant.

Leaf feeding score: There is significant reduction
in leaf feeding by neonate borer larvae on silica
treated leaves irrespective of genotype in
comparison to control. On a 0-9 scale, the silica
treatment showed damage rating of 2.5 - 4.25 as
against control (8.75).
Deadhearts (%): Irrespective of genotype, silica
application significantly reduced the deadheart
formation in both susceptible and resistant
genotypes. At 5mM concentration, there was
54.5% reduction of deadhearts in IS 2205 and
42.5% in susceptible DJ 6514 genotypes.
Exit holes: There was significant difference
between silica application and control (no silica)
in number of exit holes in both entries. However,
there was difference in exit holes between the
entries (3.5 per plant in resistant, and 3.2 in
susceptible genotype).

f. Effect of infestation by rice weevil and
Tribolium castaneum on shelf-life of sorghum
grain and flour (G Shyam Prasad & CV
Ratnavathi)

e. Effect of terminal drought on key pest and
diseases in rabi sorghum (HS Talwar & VR
Bhagwat)
Interactions of abiotic (terminal drought) and
biotic stresses (aphid attack and charcoal rot
infection) were studied in split-split plot design.
Main treatments were two water regimes {(+ and
- irrigation during terminal growth period), two
sub-treatments of plant protection (+ and – plant
protection during terminal growth period)}.
There were six genotypes as sub-sub treatments.

Susceptibility of sorghum grains to rice weevil:
For each sorghum variety, four replicates of 300 g
each were placed in plastic jars and infested with
10 pairs of adult Sitophilus oryzae per replicate.
The insect parents of S. oryzae were removed
after 15 days of infestation when they would
have laid eggs. The insect count commenced 35
days post-infestation when F1 progenies would
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Table 10. Effect of sorghum cultivars on emergence of adult S. oryzae
Variety

Adult
Emergence

*Index of
susceptibility,
Rating

Median
development
period (days)

Grain
Damage (%)

Grain
Weight loss
(%)

CSV 216R

134.3

12.3 (5)

39.8

5.4cd

1.8b

CSV 22

127.7

13.1(4)

37.1

4.9d

1.8b

M35-1

324.7

17.4 (1)

33.2

10.6a

3.1a

CSV 18

147.0

13.4 (3)

37.2

5.5c

1.8b

DSV 5

302.3

16.0 (2)

34.7

9.8b

3.2a

Mean

207.2

14.4

36.4

6.5

2.3

-

-

-

0.52

0.22

CD (P= 0.05)

* Index of susceptibility = 100 * loge ((total adults emerged) / Median developmental period)

have started emerging. Counts of
emerging adults were taken till 50th
day when no more progenies
emerged. The index of susceptibility
was calculated as per Dobie (1974).
At 50 days post infestation with S.
oryzae, the mean numbers of F1
progenies that emerged from five
cultivars ranged from 127 – 324.7.
Maximum adults emerged from
M35-1 followed by DSV5. The mean
development period of weevil
ranged from 33.2 – 39.8 days. The
shortest development was on M35-1
(33.2 days) followed by DSV5 (34.7
days).
M35-1 and DSV5 suffered
10.6 and 9.8 % grain damage and
same trend followed for weight loss
due to weevil infestation. Based
upon the susceptibility index, M35-1
and DSV5 were highly susceptible
followed by CSV22, CSV18 and
CSV216R (Table 10).
Effect of rice weevil infestation on
shelf-life of sorghum grain at
ambient temperature: The grains
were disinfected by fumigation
with Celphos and sundried and
brought to equilibrium in PVC
containers (700 ml capacity). Each
container was loaded with 300 g

Fig. 12. Mean growth trend of S. oryzae in sorghum grains

Fig. 13. Population development of S. oryzae on sorghum grains
at 135 days after infestation
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g. Shootfly screening nursery
(VR Bhagwat & C Aruna)

grain and infested with a week-old 6 adults of
weevil from culture. After 15 days of
infestations, the dead adults were removed and
the observations on per cent damaged grain, no
of adultsand larvae were recorded at fortnightly
intervals for eight months. Samples of 50 g were
collected and protein and carbohydrates were
estimated. The experiment comprised of five
varieties (CSV 216R, CSV22, M35-1, CSV18, DSV5)
with 12 fortnightly sampling and four
replications in factorial design.

A total 142 experimental lines were evaluated
for reaction to shootfly along with IS 2312, and IS
2202 as resistant checks, and DJ 6514 as
susceptible check. The lines resistant against
shoot fly and stem borer were selected.
Twenty-seven experimental lines (9 from IARI, 13
from DSR, and 5 from Udaipur) in SFN-I, 6
experimental lines (DSR-2, and Udaipur 4) in SFNII, 35 experimental lines (from IARI), 43 ICSR lines
(from ICRISAT) and 16 germplasm lines including
one pop sorghum from DSR collection were
evaluated for resistance to shoot fly using fish
meal technique. Scores for glossiness (scale 1-9),
seedling vigor (1-9) at 10-days after emergence
(DAE), and deadhearts counts (%) due to shoot
fly at 14, 21 and 28 DAE were recorded. The
results of screening are summarized in Table 11.

The first observation was recorded 20 days after
removal of parents which had laid eggs. The
population of adults and larvae started
increasing in cyclic manner and followed a
sigmoid pattern (Fig. 12). The varieties M35-1,
DSV5 and CSV18 were highly susceptible and
they supported more adults and larvae (Fig. 13).
By 135th day, the loss in weight of grain caused
due to weevil infestation ranged from 1.5 – 2.7%
maximum being in M35-1 (2.7%) and DSV 5
(2.5%). Lowest weight loss was recorded in CSV
216R (1.55%).

h. Evaluation of sterile random-mated R
population for grain mold reactions (IK Das)
As part of population breeding approach for
accumulating minor genes involved in grain
mold resistance, a total of 190 sterile randommated R lines were evaluated for grain mold
resistance in replicated field trial. The resistant
sources used for the development of the
random-mated lines were C-85, NR-9, NR-486, C43, SR-839 and IS-14332. Eight to ten uniformly
flowering plants in each replication were labeled
for recording observations on time to 50%
anthesis, panicle structure, glume cover and
glume color and panicle grain mold score (PGS)
at physiological maturity (PM). Threshed grade
mold score was also recorded. In the second
cycle of random mating, the mold tolerance of
the population was improved from 4.0 to 3.8 at
physiological maturity and from 7.0 to 6.4 at
harvest maturity. Around 11% (20 lines) of the
lines were almost free from grain mold at
physiological maturity (<10% infection) (Table
12).

Effect of Tribolium castaneum infestation on
shelf-life of sorghum grain at ambient
temperature: Sorghum flour (50 g) was packed in
polythene bags, infested with 6 adults of 4
beetle (1-week old) from culture. After 15 days of
infestations, the adults were removed and
polybags were again sealed and the
observations on number of adults and larvae
were recorded at fortnightly intervals for three
months. The experiment comprised of 5 varieties
(CSV 216R, CSV 22, M35-1, CSV 18, DSV -5) 6
fortnightly sampling and 4 replications in
factorial design.
The first observation was recorded 20 days after
removal of parents which had laid eggs. The
variety M35-1 and DSV 5 were highly susceptible
(Fig. 14). By 90th day, the mean larval population
ranged from 29.6 – 40.5 nos /50 g of flour,
maximum being in M35-1(40.5) and DSV 5 (37.9).
It was observed that mean population of larvae
were more compared to adults which ranged
from 10.6 – 16.5 nos/ 50 g of flour. The flour of
CSV 216R and CSV 22 supported less population
of insect.

Of these, 15 lines scored fairly high in threshold
grain mold tolerance [TGS= 5.0] even at harvest
maturity and were statistically at par with the
resistant check B58586 (PGS= 5.0). However,
most of these lines had small, elliptical grains
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with poor agronomic potential.
Some of the highly tolerant lines
(mold score 4.0 to 5.0) had white,
round and bold grain in compact or
semi-compact panicles. These
superior R lines would serve as very
good source for further mating to
improve the population.
i. Assessment of pathogenic
variation of Nit-variants of M.
phaseolina (IK Das)
Nit-variants of M.phaseolina were
isolated using minimal medium
amended with different
concentrations of KClO3. Growth
pattern and sclerotia production of
Macrophomina cultures on chlorate

Fig. 14. Population of T. castaneum on sorghum flour after 90
days of infestation

Table 11: Performance of test lines in shoot fly resistance nursery trials
No Trial

SFN-I

SFN-II

DP

1

Experimental entries (no)

27

6

35

2

Res. check: IS 2312 (DH%)

31.4

30.7

32.3

3

Res. check: IS 18551 (DH %)

Not tested

33.9

37.6

4

Res. check: ICSV 705 (DH%)

Not tested

35.6

Not tested

5

Res. check: IS 2205 (DH%)

Not tested

Not tested

37.6

6

Local check: CSV 15 (DH%)

39.9

43.8

45.5

7

Local check: SPV 1616 (DH%)

Not tested

43.5

Not tested

8

Sus. check DJ 6514 (DH%)

73.4

72.2

78.4

9

Mean (DH%)

48.1

44.2

59.5

10

Minimum (DH%)

31.5

30.7

37.7

11

Maximum (DH%)

73.4

72.2

73.3

12

CD (0.05)

20.3

15.1

11.7

13

CV (%)

24.5

19.5

28.3

14

Selected lines
(on par with IS 2312)

Local 8, SUENT 18,
SUENT 19, SUENT
20, SF-1303R07,
NRCSFR08-1,
NRCSFR08-2
NRCSFR08-3,
NRCSFR08-5,
NRCSFR08-7,
NRCSFR08-8

SUENT-14, SUENT-15, PFGS-93, local 8
NRCSFR07-4,
NRCSFR07-5

SFN-I: Shoot fly nursery –I; SFN-II: Shoot fly nursery –II; DP: Dual purpose
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medium were compared with that
on the minimal medium. Sector
formation in colony was indicative
of mutation (Fig. 15). The isolated
mutants were further purified,
stabilized and confirmed for their
nitrate reductase activity. Twelve
Nit-variants (6 mutants for Mp20, 4
for Mp80 and 2 for Mp3) were
generated by this process. Six Nitvariants (Mp20, Mp20-1, Mp20-2,
Fig. 15. Cultural and morphological characters of Nit-variants of
Mp20-3, Mp20-4 and Mp20-6) were
M. phaseolina
tested for pathogenicity and
(A) Sectoring in chlorate sensitive culture of M. phaseolina; (B) Chlorate resistant
aggressiveness on charcoal rot
variants, generated from the sensitive one.
susceptible (CSV8R) and resistant
(E36-1) genotypes in pot experiment.
on chlorate medium.
a. Cultural and morphological characters of Nitb. Aggressiveness of Nit-variants of M.
variants of M. phaseolina: The potassium
phaseolina: In earlier studies we demonstrated
chlorate sensitive cultures of M. phaseolina
that Macrophomina cultures having differential
(Mp20) and its variants (Mp20-1, Mp20-2, Mp20sensitivity to potassium chlorate differed in their
3 and Mp20-4) were characterized for cultural
aggression in causing charcoal rot in sorghum.
and morphological characteristics. Of these, two
But it was not clear whether variants generated
variant (Mp20-3 and Mp20-4) showed very
from a single culture also follow the above
restricted growth with different degree of
finding. In the present study mutants (Nitsensitivity to potassium chlorate on MS medium.
variants) generated from a single isolate (Mp20)
Remaining two variants (Mp20-1 and Mp20-2)
were used. Significant variations were noted in
were resistant to chlorate and produced thin but
stalk rotting capabilities between NR+ (nitrate
unrestricted phenotype. The cultures showed
reductase efficient) strains Mp20-3 and Mp20-4)
high degree of variations in sclerotia production
and NR– strains (Mp20-1 and Mp20-2) of M.
Table 12. Performance of sterile random mated R lines for grain mold resistance
Random mating
Cycle

Mold severity score (1-9 scale)
Mold severity score (1-9 scale)
Mold severity score (1-9 scale)
No. of entries
No. of entries
Range
Mean
Range
Mean
with score =3.0
with score =5.0

First Cycle
R-lines (200)

2.0 - 6.3

4.0

B58586 (R )

2.0 - 2.7

296B (S)

40

4.5 - 9.0

7.0

2.3

3.6 - 5.4

4.3

5.4 - 7.2

6.3

9.0 - 9.0

9.0

R-lines (190)

2.0 – 6.7

3.8

4.5 - 9.0

6.4

B58586 (R )

2.0 - 2.0

2.0

4.0 - 6.0

5.0

296B (S)

6.0 - 8.0

6.7

8.0 - 9.0

8.7

26

Second cycle
20
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phaseolina (Fig. 16). Use of mutant
clearly demonstrated that the
variation in aggression between the
two groups of isolates were because
of variable capabilities in utilization
of nitrate in the host environment.
j. Eco- friendly management of
charcoal rot (AV Gadewar)
A field trial (rabi 07-08) was laid in
sick plots at Solapur. The treatments
were:
i.Bioagent (Rb124 @12 g/kg seed),
ii.Soil amendments (bonemeal,
cotton cake & neem cake; each 1000
kg/ha); and

Fig. 16. Relative aggressiveness of Nit-variants of M. phaseolina
(NR+ strains: Mp20-3 and Mp20-4; and NR– strains: Mp20-1 and Mp20-2).

iii.Eco-friendly chemicals (bleaching powder
80kg/ha & boric acid 30 kg/ha) along with
control.

soybean cv JS-335 given different organic
manures viz FYM @ 5 t/ha, glyricidia @ 5 t/ha and
INM of 75% RDF + 2.5 t/ha FYM along with 100%
RDF (30:60:30 kg NPK/ha). In soybean-rabi
sorghum sequence the succeeding rabi sorghum
was given different levels of fertilizer viz 0,
40:20:20, 60:30:30 and 80:40:40 kg NPK/ha.

Bioagent, bleaching powder and neem cake
reduced charcoal rot by 27.22, 18.6 and 11.8%
(arc sin values 21.78, 23.73 & 25.89) but the
effects were statistically non-significant (Table
13).

The effect of preceding soybean given different
organic manure, and INM had no significant
effect on succeeding rabi sorghum cv CSV 18R in
soybean-rabi sorghum sequence cropping (Table
14). Effect of fertilizer levels of FYM @ 5 t/ha, and
60:30:30 kg NPK/ha were on par for grain yield

11.Sorghum crop production
a. INM for Soybean - Rabi sorghum double
cropping system (MS Raut)
Rabi sorghum cv CSV 18R was preceded by

Table 13. Eco-friendly management of charcoal rot at Solapur
Treatment

Rate of application

T1- Control

Recorded
values (CR %)

Arc sin values

Rank

14.25

20.63

3

T2- Bioagent

Rb124 @12 g/kg seed

10.37

21.78

5

T3- Bonemeal

1000 kg/ha

15.23

21.63

4

T4- Cotton cake

1000 kg/ha

18.93

18.59

2

T5- Neem cake

1000 kg/ha

12.57

25.89

7

T6- Beaching Powder

80 kg/ha

11.66

23.73

6

T7- Boric acid

30 kg/ha

17.93

17.35

1

Mean

21.37

C.D. (5%)

12.98

C.V. (%)

34.13

F (Prob.)

0.81
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(3341, and 3303 kg/ha respectively) compared to
Glyricidia 5 t/ha (3031 kg/ha) and INM (3131
kg/ha). Glyricidia alone does not support the
higher rabi sorghum yields. In soybean-rabi
sorghum sequence in irrigated conditions,
succeeding rabi sorghum produced the highest
grain yield (3429 kg/ha) at 60:30:30 fertilizer
level which was 15.3 percent higher than control
(2974 kg/ha). Similarly stover yield was 8.4 higher
with 60:30:30 kg NPK/ha compared to control.
Considering 80:40:40 as optimum dose for rabi
sorghum in sole irrigated condition, its sequence
cropping with soybean helped in economizing
fertilizer of 20:10:10 kg NPK/ha as the crop

response was seen upto 60:30:30 fertilizer level.
b. Response of rabi sorghum genotypes to
fertility levels under different moisture
conservation practices (MS Raut)
The response of rabi sorghum genotypes viz CSV
216R, PKV-Kranti, M35-1 and CSV 18R to levels of
fertilizers at different moisture conservation
practices was studied during Rabi 2007-08, at
Centre on Rabi Sorghum, Solapur. Four
genotypes viz CSV 216R (Phule Yashoda), CSV
18R, PKV Kranti and M35-1 were given three
fertilizer levels of 60:30:30 kg NPK/ha and
45:22.5:22.5 kg NPK/ha + 2.5 t/ha FYM along with
farmers practice of 10 kg N + 3 t/ha FYM at

Table 14. Growth and yields in soybean - rabi sorghum double cropping system
Treatments

Plant
Grain
height (cm) yield
kg/ha

Stover
yield
kg/ha

Biological
yield t/ha

Grain wt / 1000
HI (%)
plant (g)
seed wt
(g)

Plant
stand
lakh/ha

Organics to preceding soybean
FYM @ 5 t/ha

187

3341

7817

11.06

32.4

35.4

0.302

1.69

30:60:30 kg
NPK/ha
(100% RDF)

182

3303

6474

9.12

27.8

34.2

0.362

1.59

75% RDF
178
+ 2.5 t/ha FYM

3131

7129

10.16

26.0

34.8

0.308

1.61

Glyricidia
@ 5 t/ha

176

3031

6586

9.53

24.5

35.1

0.318

1.56

CD (0.05)

--

NS

NS

12.23

--

--

--

–

Control

184

2974

7211

10.01

26.3

37.4

0.304

1.56

40:20:20 kg
NPK/ha

181

3212

7385

10.46

26.5

33.7

0.320

1.64

60:30:30 kg
NPK/ha

184

3429

7820

10.66

31.1

34.7

0.347

1.65

80:40:40 kg
NPK/ha

175

3194

7110

10.58

26.7

33.6

0.334

1.61

CD (0.05)

–

NS

NS

Fertility level

-
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compartmental bunding and flat bed moisture
conservation practices.

High yielding cultivars, irrigation and fertilizer
applications were the major factors contributing
to the maximum yield in rabi sorghum. The
contribution by high yielding cultivars was 46.3
percent over CSV 18R Farmer practice over 100%
RDF (2300 kg/ha grain yield), 13.6 percent by
fertilizer level of 80:40:40 kg NPK/ha 2765 kg/ha,
and 66.6 percent by optimum irrigations
compared to protective irrigation (3 irrigations
at 35, 55 and 75 DAS) (2215 kg/ha grain yield).
The lowest grain yield was recorded with CSV
18R + 100% RDF + protective irrigation (1272
kg/ha) (Table 16).

The effects of moisture conservation practices
and different levels of fertilizer were not
significant. Farmers practice revealed maximum
grain yield (1236 kg/ha) compared to 100% RDF
and 75% RDF + 2.5 t/ha FYM (1068 and 1025
kg/ha respectively). Grain yield of genotypes was
on par to each other and PKV Kranti (1124 kg/ha)
produced maximum grain yield followed by
M35-1, CSV 216R (Table 15). The genotype CSV
18 produced maximum biological and stover
yields (4484 and 3395 kg/ha respectively).

d. Organic farming practices for rabi sorghum
(MS Raut)

c. Yield maximization in rabi sorghum (MS Raut)
To maximize rabi sorghum yields, the
contribution by improved cultivars, optimum
levels of fertilizer and irrigations was quantified
during Rabi 2007-08. The maximum grain yield
of 4778 kg/ha was recorded with CSH 15R +
80:40:40 kg/ha NPK (100% RDF) + optimum
irrigation (5 irrigations at 35, 55, 65, 75 and 105
DAS) followed by the combination of PKV Kranti
+ 100% RDF+ optimum irrigation (4062 kg/ha).

A field experiment comprising eight organic
farming practices comprising, FYM @ 6 t/ha,
Vermicompost @ 2 t/ha, glyricidia @ 5 t/ha, green
manuring of sunhemp, legume-rabi sorghum
sequential cropping, 100% RDF (60:30:30 kg
NPK/ha), 75% RDF + 3 t/ha FYM + Azospirillum +
PSB and farmers practice (10 kg N + 3 t/ha FYM)
was conducted in rabi 2007-08 under rainfed

Table 15. Growth and yields of rabi sorghum genotypes in response to varied fertility levels in different
moisture conservation practices
Treatments

Grain yield
kg/ha

Stover yield
kg/ha

Total biomass
kg/ha

Plant height
(cm)

Compartmental bunding

1123

2680

3803

107

Flat bed

1096

2781

3877

103

CD (0.05)

NS

NS

NS

NS

F1- RDF 100% 60:30:30

1068

2566

3634

104

F2- RDF 75% + 2.5 t/ha FYM

1025

2720

3745

100

F-3 FP (10 kg N + 2.5 t/ha FYM)

1236

2911

4147

110

NS

NS

NS

NS

CSV 216R

1105

2507

3612

104

PKV Kranti

1124

2785

3909

111

M35-1

1119

2261

3380

98

CSV 18

1089

3395

4484

108

NS

673.0

1364

NS

Moisture conservation

Fertility Level

CD (0.05)
Genotypes

CD (0.05)
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conditions using rabi sorghum cv CSV-18R. The
grain yield varied in the range of 353-493 kg/ha
in different treatments and was quite low. The
highest biological yield was recorded with INM

of 75% RDF + 3 t/ha FYM + Azospirillum + PSB
(4455 kg/ha) followed by glyricidia (3600 kg/ha)
and farmers practice (3566 kg/ha).
e. Effect of tillage and organic manures on rabi

Table 16. Growth and yields of yield maximization trial in rabi sorghum
Treatments

Days to
50%
flower

Plant
height
(cm)

Grain
yield
kg/ha

Stover
yield
kg/ha

Biologi-cal
yield
kg/ha

1000
seed
wt (g)

Plant
stand
lakh/ha

F1- RDF 100%
60:30:30

76

184

2765

7613

10378

32.2

1.466

F2- FP (10 kg
N + 2.5 t/ha FYM)

74

190

3141

6582

9723

33.0

1.427

CD (0.05)

--

NS

NS

888

--

NS

NS

Protective Irrigation 76

177

2215

7527

9742

32.1

1.466

Optimum Irrigation 74

197

3691

6566

10257

33.2

1.428

CD (0.05)

--

16.0

386.8

888

--

NS

NS

CSH 15R

66

167

3366

5904

9270

31.0

1.41

CSV 18R

78

189

2300

8941

11241

36.0

1.45

SPV 1626

78

183

2913

6731

9644

31.5

1.46

PKV Kranti

77

211

3227

6805

10032

32.1

1.47

CD (0.05)

--

19.5

744.7

1387

--

--

NS

Fertility level

Irrigation level

Genotypes

Table 17. Growth and yields of tillage and organic manures in rabi sorghum
Treatments

Plant
height (cm)

Grain yield
kg/ha

Stover
yield kg/ha

Biological
yield t/ha

1000 seed
wt (g)

HI (%)

Shallow tillage

129

996

2620

4510

22.0

26.0

Deep tillage

146

1176

3534

5753

20.4

27.2

CD (0.05)

--

NS

552.4

779.5

--

NS

Tillage level

Organic manures (green manure)
Sunhemp

144

1127

3096

5297

21.3

26.7

Dhaincha

136

923

3197

5262

17.5

29.1

Glyricidia

141

1200

3229

5479

21.9

25.4

No organic manure 130

1095

2785

4467

24.4

25.2

CD (0.05)

NS

NS

NS

--

NS

--
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sorghum (MS Raut)

increased plant height and test weight
compared to shallow tillage.

Effect of tillage and organic manures (green
manures) on the productivity of rabi sorghum (cv
Phule Vasudha (RSV 453) was studied in rabi
2007-08 under rainfed conditions. Two tillages
viz deep tillage by (mould board ploughing) and
shallow tillage (cultivator), significantly
influenced stover and biological yield of rabi
sorghum. Deep tillage produced 34.9 and 27.6
percent higher stover and biological yield
compared to shallow tillage (2620 and 4510
kg/ha stover and biological yields respectively).
Grain yield was not affected significantly due to
tillage levels. However, deep tillage revealed
18.0 percent higher grain yield compared to
shallow tillage (996 kg/ha). Deep tillage

Application of glyricidia @ 5 t/ha at sowing
revealed the highest grain and stover yield (1200
and 3229 kg/ha respectively) compared to green
manuring of sunhemp and dhaincha. The
biological yield with sunhemp, dhaincha and
glyricidia was 18.0, 17.2 and 22.1 percent higher
compared to no organic manures (4487 kg/ha)
(Table 17).

12.Seed technology
a. Seed longevity and viability in sorghum hybrids
and their parents (N Kannababu)
A study was initiated on seed longevity which
(under ambient storage conditions) is a problem,

Table 18. Superior genotypes for initial germination & seedling vigour traits among lines, testers and
crosses
S. Trait
No.

Range
(Total 69
genotypes)

Grand 10 best genotypes (lines, testers & crosses)
Mean

1

100 seed
weight (g)

2.63 – 4.49

3.16

3.81 – 4.49: 104A x MR 750, 104A x Indore 12,
104A x C 43, 104A x RS 585, 104A, 104A x AKR 150,
IMS9A x AKR 150, 104A x R 354, 104A x CS 3541,
104A x RS 29.

2

Germi
nation (%)

48 – 96

79

91 – 96: Indore12, 2219A x AKR 150, 2219A x RS585,
2219A x Indore 12, 2219A x CS3541, RS673, AKR 150,
2219A x RS29, 27A x CS3541.

3

Root
length (cm)

7.2 – 17.33

11.51

13.88 – 17.33: IMS9A x MR750, IMS9A x C43,
14A x CS3541, IMS9A x AKR150, IMS9A x CS3541,
27A x CS3541, 104A x Indore 12, IMS9A x RS673,
14A x C43, 14A x RS673.

4

Shoot
length (cm)

13.56 – 26.83

20.29

23.43 – 26.83: IMS9A x RS585, 2219A x AKR150,
2219A x RS29, IMS9A x Indore12, 2219A x MR750,
14A x RS585, 2219A x Indore12, 296A x Indore12,
IMS9A x R354.

5

Seedling
dry weight (mg)

8.27 – 22.21

15.74

19.45 – 22.21: 104A x Indore 12, IMS9A x RS585,
104A x R354, IMS9A x Indore 12, 27A x Indore 12,
IMS9A x C43, IMS9A x AKR150,104A x MR 750,
IMS9A x R354, IMSA x RS673.

6

Seedling
vigour index

594 - 1842

1222

1539 – 1842: IMS9A x AKR150, 104A x Indore 12,
27A x Indore12, 2219A, 104A x R354, RS585, 14A,
IMS9A, x Indore 12, IMS9A x RS29, 27A x CS3541.
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Table 19. Superior genotypes for initial germination & seedling vigour traits among
parents of mapping population
S. Trait
No.

Range
(Total 18
genotypes)

Grand
mean

5 best parents of mapping
population of sorghum

1

100 seed
weight (g)

1.88 – 3.93

2.77

3.49 – 3.93: CSV8R, M35-1, IS10284, SSV84,
CSV216R.

2

Germination (%)

56 – 96

80

90 - 96: IS18551, IS26866, IS2205, IS9830, N13.

3

Root length (cm)

7.53 – 14.68

10.57

12.20 – 14.68: E36-1, CSV216R, N13, CS3541,
CSV8R.

4

Shoot length (cm)

13.93 – 24.83

20.74

23.63 – 24.83: SSV84, IS9830, CSV216R, IS18551,
IS8525.

5

Seedling dry
weight (mg)

10.11 – 21.38

16.12

19.57 – 21.38: IS10284, M35-1, CSV8R,
SSV84, IS9830.

6

Seedling
vigour index

587 – 1893

1298

1546 – 1893: IS10284, SSV84, IS9830, N13,
CSV8R.
b. Phenotyping of parents of mapping population
for seed longevity and viability potential
(N Kannababu)

especially with the hybrid sorghums and viability
potential (accelerated ageing) with 6 lines
(296A, 2219A, 14A, 104A, 9A, & 27A), nine testers
(CS3541, MR750, RS29, AKR150, RS585, C43,
RS673, Indore 12 & R354) along with their 54
cross combinations (F1 seed). In addition, the Blines (296B, 2219B, 14B, 104B, 9B, & 27B) of above
6 A-lines were also evaluated simultaneously. A
sub-set from each seed sample was used for
accelerated ageing in an ageing chamber. The
fresh seed samples were tested for the seed
quality parameters such as 100 seed weight, seed
germination, root length, shoot length, seedling
dry weight and seedling vigour index. The
germination test was conducted in paper (roll)
towels as per ISTA protocols. The superior
genotypes were identified based on mean
performance values for various traits (Table 18).
The values ranged from 2.63 - 4.49 g for 100 seed
weight, 48 to 96 % for seed germination, 7.2 to
17.33 cm for root length, 13.56 to 26.83cm for
shoot length, 8.27 to 22.21 mg for seedling dry
weight, and 594 to 1842 for seedling vigour
index.

A study was initiated with two sets of evaluations
for seed longevity (under ambient storage
conditions) and seed viability potential
(accelerated ageing) with 18 parental lines of
mapping population of sorghum developed and
maintained by DSR. The methodology followed
is same as that for hybrids and parents, described
above, and the data is summarized in the Table
19.
c. Genetic variability of forage sorghum varieties
for seed longevity and viability potential
(N Kannababu)
The study was initiated with two sets of
evaluations for seed longevity (ambient storage
conditions) and seed viability potential
(accelerated ageing) with 9 forage sorghum
varieties. The methodology followed is same as
that for the two experiment described above.
The superior genotypes among 9 varieties of
forage sorghum were identified based on mean
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performance values (Table 20).

sorghum research and development.

The best 5 genotypes among 9 forage sorghum
varieties were identified for hundred seed
weight, seed germination, root length, shoot
length, seedling dry weight and seedling vigour
index traits based on their mean performance.

The data were collected from 100 farmers
belonging to three talukas of Solapur district
namely North Solapur, South Solapur and
Mangalewada. All the farmers participating in
the frontline demonstrations (25) and 75 other
farmers were involved in the study.

13.Extension and social sciences

A test-retest method was adopted to check the
reliability of survey responses. Ten respondents
were contacted in 2007 asking them to rank
again the 10 statements relating to constraints
to rabi sorghum development. The correlation
coefficient between the two sets of responses
was 0.93. Secondary source of data was used for
collection of information on the area,
production and yields of sorghum in the district.

a. Farmers' view on improved sorghum cultivars in
Solapur district (Chari Appaji & MS Raut)
A study was conducted to assess sorghum
situation in Solapur district and determine what
producers thought of the improved rabi
sorghum cultivars developed by researchers.
The study involved a survey of sorghum farmers
who were demonstrated the improved sorghum
cultivars in 2007-08 under the front-line
dem on st r ati o n (FLD) pr o gr a mm e . T h e
questionnaire solicited information on number
of years in the rabi sorghum cultivation, income
from agriculture, type of operation, cultivars
deployed, risk-taking ability, knowledge of
sorghum, and marketing strategies of farmers.

Sorghum sown during kharif: The normal area
under kharif sorghum in the district is about 900
ha. Sowings of kharif sorghum starts with the
onset of monsoon (second fortnight of June) and
completed by 20th July. During kharif 2007-08,
most farmers completed sowing by July / August.
Sorghum sown during rabi: The yearly seasonal
normal area under rabi sorghum in the district is
about 0.4 m ha (during 2007-08 only 0.395 m ha).
Sowing of rabi sorghum started from first
fortnight of October and was completed by
second fortnight of December.

A second section asked the respondents to rank a
series of 10 statements relating to what they
believed to be preferences for rabi sorghum
cultivars. These statements were developed from
discussions with the experts in the field of

Table 20. Superior genotypes for initial germination & seedling vigour traits among
9 varieties of forage sorghum
S. Trait
No.

Range
(Total 9
genotypes)

Grand
mean

5 best varieties of forage sorghum

1

100 seed weight (g)

1.19 – 3.89

2.52

2.61 – 3.89:HC136, PC3, PC5, UPChari 2, CSH20MF.

2

Germination (%)

78 - 97

92

94 – 97: SSG59-3, HC171, PC5, UPChari 2, PC4.

3

Root length (cm)

7.25 – 12.38

10.05

10.58 – 12.38: PC5, HC136, UPChari 2, PC3, HC171.

4

Shoot length (cm)

18.83 – 27.80

22.18

21.53 – 27.80: PC4, CSH20MF, HC136, UPChari 2,
SSG59-3.

5

Seedling dry
weight (mg)

10.38 – 20.09

15.62

14.91 – 20.09:HC136, PC3, UPChari 2, PC5, HC171.

6

Seedling vigour index 887 – 1805

1440

1435 – 1805:HC136, PC3, UPChari 2, PC5, HC171.
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Level of rabi sorghum production: The level of
rabi sorghum production is generally medium
(Fig. 17). Over 60% participating farmers and
45% non participating farmers produce 1015q/ha of jowar during the rabi season. It
suggests sorghum production is a major part of
Solapur’s agricultural production.

cultivation worked out was Rs. 13,310/- per ha.
3. The transport cost of Rs.100/- per tonne and cost
of stripping leaves by machine at factory site are
borne by the distillery.
However, buy-back of cane by distillery was
made from only 25% of sweet sorghum farmers
causing loss to rest of the farmers. Thus, the
farmers were discouraged from cultivating
sweet sorghum.

Farmers’ preference towards improved sorghum
cultivars: Besides local cultivar Maldandi, the
participating farmers, prefer improved cultivars
CSV 22, followed by CSV 18 and PKV Kranti; while
the non-participating farmers have given first
rank to CSV 18, followed it by CSV 22 and PKV
Kranti (Fig. 18).

c. Relative value (price) of AICSIP grain samples
across major kharif sorghum markets
(B Dayakar Rao)
The data were collected during January February, 2008 on sorghum price in markets with
11 entries each received from two AICSIP
locations viz., Coimbatore and Udaipur in dual
purpose zone. From Coimbatore location, 15
entries were received from AVHT Zone I. From
Akola and Dharwad locations, 15 entries each
were received from AVHT Zone II. From Udaipur
location 19 entries were received from AVHT
Zone III.

Average ranking to improved cultivars:
Respondents were asked to rank 10 reasons in
terms of significance to preference towards
improved cultivars (where 1 is the most
significant and 10 is the least significant). Figure
19 presents the average ranking for the
suggested preferences. The tolerance to shoot
fly and charcoal rot in case of improved cultivar
seems to be the major factor for adoption.
However, the high yielding, staygreen improved
cultivars with high quality seeds have received
high preference ratings. The farmers preference
to roti making and its keeping quality of fodder
in case of Maldandi has got high rating
indicating these are the most important
characters which will decide the spread of the
cultivar during rabi season.

The sample market prices were collected from 5
urban regulated markets: Solapur, Pune,
Nagpur, Gulbarga, and Indore. Four sub-markets
(traders) were used from each of above
mentioned markets whose prices were
averaged. There were differences of grain
originating from different zones, and in grain
markets, following conclusions are noteworthy:

b. Feedback from farmers on sweet
sorghum cultivation and its
prospects
(Ch. Shashidhar Reddy)
The response of farmers to newly
introduced sweet stalk cultivation
was studied. The data collected
from 15 sweet sorghum farmers
growing NTJ-2 variety belonging to
five villages of Medak district in AP
in kharif 2007 revealed following:
1. Best average green cane yields
obtained 36.6 tonnes /ha.
2. Average net returns obtained
Rs.16,860/- per ha, average cost of Fig. 17: Percentage of responses by category of production levels
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Among the advanced varietal trial
entries, SPV 1730 in Zone I (Southern
part of India), SPV 1616 (CSV 20) in
Zone III (Central & Western) and SPV
1774 in Zone III (North) established
as superior entries across the
markets. The price commended for
these three varieties is much higher
(17-46%) than the government
announced Minimum Support Price
(MSP) of Rs 600/q. Obviously, all the
entries have fetched higher than
MSP. However, grain yield ranks are
necessarily in same line with that of
grain price rankings.
Unlike the AVT entries, there is no
agreement on superiority of any
single AHT entry over the other. No
AHT entry with highest mean
market price in a particular market
has repeated its performance in
other zone. However, a single
hybrid entry SPH 1467 (from the
dual purpose entries) fared better
than varietal checks with a market
price of Rs. 838/q. Thus, hybrid per
se are not superior to varieties. This
will encourage breeders. Also
nutritional and food quality traits
are to be considered.
Negative and significant correlation
existed between market price and
threshed grain mold score, which is
in agreement with the popular
notion that molded grain reduces
the price.

Fig. 18. Farmers’ acceptance of improved cultivars of sorghum
compared with Maldandi

Fig 19: Reasons for preference of improved cultivar compared to
Maldandi
market indicated that the private sector hybrid
yielded less then the best check CSV 216R.

d. Trials of private sector hybrids and varieties
along with checks on station for their potential
yield (Chari Appaji)

The two checks CSV 216R and CSV 18 stood
second and third with an average grain yield of
4666 kg/ha and 4444 kg/ha respectively. The
private sector hybrid MLSH 151 has given the
highest yield of 4691 kg/ha and ranked first.
M35-1 ranked sixth in order of production.

A total of 16 sorghum cultivars sold in the market
collected from different locations were tested in
Andhra Pradesh. The trial comprised of 6 hybrids
and 6 varieties including 4 checks. The checks
were CSV 216R, CSV 14R, M35-1 and CSV 216R.
The overall performance of sorghum seed sold in

The checks CSV 216R and CSV 18 R ranked first
and second in that order with a grain yield of
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46.6q/ha and 44.4q/ha respectively. Co 28 ranked
third followed by M35-1 which yielded
31.85q/ha.

3. Due to shortage of DAP the majority of the
farmers have applied only 25 kg or less DAP
instead recommendation of 50 kg DAP/ acre.

e. Orientation of farmers for intensive kharif
sorghum cultivation and feed-back on future
prospects (Ch. Shashidhar Reddy & B Dayakar)

4. Application of pre-emergence weedicide
(Atrazine) was not followed by all farmers as it
was not available in local market and it was not
advised to apply weedicide who are raising
intercrop with red gram.

Objective of this study was to orient the Adilabad
farmers for intensive kharif sorghum cultivation
and study feed-back on its prospects, facilitate
seed supply, training and follow-up of crop
during the season, organizing farmers’ day and
facilitate buy-back arrangements. The work was
carried out with special funding support from
NAIP, New Delhi.

5. Farm extension services were extended to the
farmers from time to time and conducted two
demonstrations on harvesting at physiological
maturity and artificial drying at Mannur and
Peddamalkapur villages in Adilabad district.
6. Improved kharif sorghum crop management
practices were advocated to 500 farmers in 20 eChoupals covering an area of 200 ha in Adilabad
district jointly with ITC staff. During the farmers
field visits in last week of August 2008 it was
observed that fifty per cent of the kharif
sorghum crop grown was vigorous, 30% of the
crop grown was average where as the rest 20%
crop was damaged by heavy rains due to water
logging for one month. Ninety per cent of
farmers have not done thinning within the rows
due to dry spell and for want of thin stalked stem
for their cattle.

One tonne seed each of CSH 23 and CSH 16
procured from DSR mega seed project were
distributed to 500 farmers in 20 e-Choupals of
ITC Ltd., at its Indravely hub, Adilabad district.
Orientation on package of practices was also
given to the farmers.
A formal launching of workshop-cum-training
programme was jointly organized by DSR and ITC
on 13 June, 2008 at Indravely hub in Adilabad
district attended by 300 farmers, government
officials and extension functionaries and media
personnel. Farmers were given orientation on
intensive sorghum cultivation, crop
management, pest management, marketing and
end-product utilization. Published package of
practices bulletin in Telugu for intensive kharif
sorghum cultivation were distributed to farmers.

7. Almost all farmers have applied Urea 25-50
kg/acre as top-dressing after one month of
germination. Few farmers have applied Urea in 2
split doses. Fifty per cent of farmers have done
hand weeding and rest has not done due to
water logging. Where as cent per cent farmers
have done intercultivation at least once and 70%
have done intercultivation twice. The crop
growth is excellent in Dasnapur, Mannur, Yanda,
Bheempur, Yamaikunta, Hasnapur, Patnapur,
Thandra, Perkaguda, Thosham, Ponna,
Pulimadugu and Thadihathnoor Choupals.

DSR scientists Interacted with eighteen selected
Sanchalaks by visiting e-Choupal villages and
distributed package of practices bulletin
(Telugu) and explained the details of adoption of
recommended kharif sorghum sowing practices
to be adopted
1. Literate farmers adopted seed treatment while
others did not due to non-availability of Confider
and Bavistin in local market and some others due
to negligence.

8. The crop was damaged and turned into brown
color up to 30-40% by heavy rains in Rampur,
Shampur (including partial damage of demo
plot) and Dhanora-B Choupals due to flooding
and water stagnation in fields. The crop was in
average condition in Chanduri, Jamgoan,
Narsapur and Nagalkonda Choupals. In Thosham
Choupal in few farmers’ fields there was 25%
incidence of stem borer who were advised to

2. Monsoon was delayed as first showers were
received during last week of June. Majority of
farmers started sowing of cotton followed by
soybean and completed sowing of sorghum
during 1st to 5th July
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apply Furadon 3G or spray Endosulfan 35 EC @ 2
ml per liter of water. In Yamaikunta Choupal in
few farmers’ fields 25 % aphid infestation
observed and they were advised to spray
Metasystox @ 2 ml per liter of water.

maturity to avoid mold problems and get higher
prices for their produce in Mannur and
Peddamalkapur (Fig. 20).
14.The harvesting was taken up in the month of
November, followed by threshing and
aggregation of produce. It was found that a
major proportion of sorghum was utilized for
the home consumption of farmers and a meager
percentage was for apportioned for market
(20.0%).
Harvesting is completed in all
echoupals.

9. About 200 ha of sorghum cultivation is
altogether brought under market assured buyback procurement (e-Choupal system of ITC)
model.
10.The produce is expected to be bulked and
aggregated for supplying to the small-scale
processors and entrepreneurs in production to
consumption system value-chain.

15.The highest yields recorded 30 q/ha in Bhimpur
village but yields were as low as 2.5 q/ha in
Shampur village. The average grain yields
obtained was 10.15 q/ha. The yields were very
low this year because of delayed sowing,
shortage of fertilizers and prolonged dry spell
occurring during grain filling stage from 2nd
week of September to 2nd week of October.

11.Integrated farm extension services for intensive
sorghum cultivation were organized under aegis
of joint PPP mode of farm extension service
where input supply agencies, DSR and ITC Ltd
have participated at various critical stages of
crop growth. Three extension visits were
organized by DSR with ITC Ltd. as a joint PPP
model.

16.About 10 tonnes of grain was procured as per
MSP successfully in Mannur village (selected eChoupal). Thus, farmers are linked with
entrepreneurs such as M/s Sunira Foods, Kolkata
and an entrepreneur from East Godavari district,
(to establish sorghum based eatery where
sorghum rotis and other products are sold) and
ITC Ltd has facilitated linking of farmers with
entrepreneurial markets.

12.Generally due to unwanted rains in the month of
October, the sorghum grain blackened and
molded, which led to reduced yield levels
thereby reducing the prices of final produce.
13.A demonstration was organized on drier
technology for harvesting at physiological

Fig 20. Demonstration of harvesting sorghum at physiological maturity followed by artificial drying
technology by Dr. Ch. Shashidhar Reddy at Mannur

53

Directorate of Sorghum Research - Annual Report 08-09

17.Few entrepreneurs were given training on
primary processing and roti making by DSR
employees.
Thus, this model created an
assurance of guaranteed market and farmers
were under the guidance of well knowledgeable
scientists and acquired maximum output as well
as income.

the allocated lines and varieties of sorghum at
five AICSIP centers in kharif and six centres in rabi
seasons during 2007-08. However, the breeder
seed production details were not reported by
MAU, Parbhani and UAS, Dharwad. The nucleus
seed was produced as per the targets by most of
the centres. The nucleus seed production details
were not reported by MAU, Parbhani and UAS,
Dharwad. The total allocation for DSR as per BSP I
was 6.65q, against which higher production of
27.80q was achieved.

14.Institutional services
a. Sorghum breeder seed production (VA Tonapi)
The total breeder seed production during 200708 by AICSIP centres was 97.55q which is 75.92q
(351%) more than DAC indent and 59.99q
(159%) more than BSP-I allocation. There was
surplus production of breeder seed for most of

b. Frontline demonstrations during rabi 2007-08
(Chari Appaji)
During the rabi season, of the allotted 800 ha

Table 21: Break up of rabi frontline demonstrations during 2007-08
Season

Target
(ha)

Achievement
(ha)

No. of demo

Cultivars demonstrated

Rabi

800

435*

553

CSV 216R, CSV 18, CSV 22, and state releases.

* Figures subject to validation

Dr. PL Gautam Ex-DDG (CS), now the
Chairman, National Biodiversity Authority,
discussing inter-specific hybridization in
sorghum

Dr. R. Madhusudhana showing various
recombinant inbred populations
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Education and Training
Umakanth and G Shyam Prasad trained 200
farmers on sweet sorghum production practices
at Extension Education Institute, ANGRAU on 16
May 2008. These farmers are growing sweet
sorghum under contract farming with Rusini
Distillery, Medak.

Trainings organized at DSR
Training programme on “Value-addition and
commercialization of sorghum, and sweet sorghum
for bio-ethanol production”
DSR organized a model training programme on
“Value-addition and Commercialization
through alternate uses of Sorghum and Sweet
Sorghum for bio-ethanol production” during 23
-30 September 08. There were 15 participants
from various State Departments of Agriculture
(SDAs). The training course dealt with
processing technologies, value-addition, health
foods, ethanol production technology, poultry
feed, and commercialization.

Students trained in genetic transformation
A 2-day demonstration on genetic
transformation was conducted on 28 and 29 May
2008 at DSR as part of the Refresher course on
"Frontiers of Agricultural Biotechnology" for a
20 member staff of different Agricultural
universities. The training program was
organized by Biotechnology Unit, ARI and Dept
of Ag Biotechnology, ANGRAU.Genetic
transformation through Agrobacterium and
particle bombardment by Biorad-PDS-1000-He
device was demonstrated.

One-day statistical training programme
Mr. KV Anantha Padmanabha, Manager
(Technical support) from Cranes Software
International Limited, Bangalore conducted
one-day training programme on SYSTAT 12.0
for the scientific and technical staff of DSR and
NRC Meat on 5 September 08. He explained the
advantages of this software for statistical
analyses and reporting results.

Students trained
Class XII students, Jahnavi, A., Manasa, J., Suhit,
C. and Shourya, B. from P. Obul Reddy Public
School, Hyderabad were trained during 4 -6
June, 08 with some biotechnological techniques
for plasmid isolation, restricted digestion of
plasmids, PCR, and gradient PCR for their project
work.

Farmers trained by DSR scientists
DSR scientists comprising Drs SS Rao, AV

Dr. Ch. Shashidhar Reddy, appraising students on recent developments in sorghum research
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Trainings attended by DSR staff
S.
No

Name of the official

Training programme on

Venue

Date

1

D Balakrishna

“Molecular marker
applications in crop genetics
and breeding”

ICRISAT, Patancheru

31 Mar - 11 Apr, 08

2

A V Rao

“Pension and other
retirement benefits”

ISTM, New Delhi

7-11 Apr, 08

3

SS Rao, B Dayakar Rao,
NVRN Murty &
W Srinivas Bhat

“Procurement procedures,
works and consultant’s
services in accordance with
World Banks guidelines
under NAIP/ ICAR”

NAARM, Hyderabad

24-25 Apr, 08

4

PG Padmaja

“Scientific project
formulation and evaluation”

ASCI, Hyderabad

21 Apr - 2 May, 08.

5

K Revati

“e-Grandhalaya software
for Automation and
Networking of Libraries”

NIC, Hyderabad

9 - 11, Jun 08

6

P Mukesh

“Web & Networking
technologies and
database concepts”

NRC Soybean, Indore.

17-29 July, 08

7

KV Raghavendra Rao &
HS Gawali

“Book Publishing”
organized by National
Book Trust, New Delhi

Literacy House,
Andhra Mahila Sabha,
OU, Hyderabad

10-23 Sept, 08

8

KBRS Visarada,
PG Padmaja,
Monika Dalal &
Rajendrakumar

“Molecular marker
applications in crop
genetics & breeding”

ICRISAT, Patancheru

6-24 Oct, 08

9

OV Ramana &
V Ravi Kumar

“Agri-bioinformatics
-Tools and Applications”

IISR, Calicut

20-24 Oct,08

10

A Venkateswar Rao

“ICT Tools in Government
Organizations”

NIC , Hyderabad

17-28 Nov, 08

11

K Revati

“Web standards,
Technologies and
standardization” under
Agro-Web project

NAARM, Hyderabad

3-12 Dec, 08

12

VSG Parvathi &
D Rambabu

“NAIP - financial
management system”

NAARM, Hyderabad

12-13 Dec, 08

13

Sujay Rakshit

"Advances in Design and
Analysis of Agricultural
Experiments"

IASRI, New Delhi

14 Jan - 3 Feb, 09

14

IK Das

“Molecular diagnostic
for fastidious Prokaryotes,
Viruses and Viroids”

Advanced Centre for
Plant Virology, IARI,
New Delhi

19 Feb – 13 Mar, 09
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15

P Mukesh

Web design and content
management” under
“Agro-web” project

CRIDA, Hyderabad

16 Feb – 4 Mar, 09

16

B Venkatesh Bhat

“Basic techniques for
studying epigenetic
inheritance”

CCMB, Hyderabad

25 Feb – 10 Mar, 09

List of Ph. D. students during the year 2008-09
S.
No

Name of
student/scholar

Scheme

1.

Paramesh H

2.

University
where
registered

Date of
Thesis Topic
registration

Dr. N Seetharama,
UGC
fellowship Mr D Balakrishna

JNTU , Hyd

2006

Genetic transformation
of sorghum ( Sorghum
bicolor L Moench) for
improved salinity
tolerance

Chandra
Sekhara
Reddy D

DUS

Dept of
Biotechnology,
JNTU, Hyd

2003

Morphological and
molecular
characterization
of elite sorghum
(Sorghum bicolor
L Moench) genotypes

3.

Ravi Kumar V

DBT CoDr. S Ravi Kumar,
ordination Dr. Mareddy
Cell
Anjireddy

Environmental
Sciences,
Institute of
Science &
Technology,
JNTU, Hyd

2004

Characterization
of rabi sorghum
environments and
real time information
systems for forecasting
the rabi sorghum
productivity on a
regional scale

5.

Nagaraja Reddy R DBT QTL
Drought

Dr.N Seetharama

Dept of
Genetics,
Osmania
University,
Hyd

2006

Identification of
genomic regions
responsible for
terminal drought
tolerance and biomass
production in sorghum

6.

Murali Mohan S

Dr. V Rattan
Kumar,
Dr. N Seetharama

Dept of
2004
Botany,
Andhra
University,
Visakhapatnam

Mapping QTLs for
foliar disease
resistance in sorghum

8.

Pashupathinath E APNL-Bt
Dr. N Seetharama
Stem borer

Dept of
Biotechnology,
JNTU, Hyd

Production and evaluation
of transgenic sorghum
resistance to stemborer

DBT QTL
Drought

Name of the
superviser

Dr. Audilakshmi,
Dr. N Seetharama
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S.
No

Name of
student/scholar

Scheme

9.

Satish K

10.

Name of the
superviser

University
where
registered

Date of
Thesis Topic
registration

DBT-stover Dr. N Seetharama
QTL

Dept of
Genetics,
Osmania
University,
Hyd

2004

Use of DNA marker
technology to improve
sorghum for resistance to
shoot fly

Srinivas G

DBT-stover Dr. N Seetharama
QTL

Dept of
Genetics,
Osmania
University,
Hyd

2004

QTL mapping for terminal
drought tolerance in
sorghum

13

Arun Kumar
Pandey

National
Fund
projectApomixis

Dr. B Venkatesh
Bhat

JNTU, Hyd

2006

Developing low HCN
producing forage
sorghum using
antisense approach

14

Ajay Kumar
Mall

-

Dr. Audilakshmi
Dr. N Seetharama

Dept of
Genetics,
Osmania
University,
Hyd

2005

Genetics of sugar content
in sweet sorghum

15

VV Komala

Network
Dr. CV Ratnavathi/
Dept of
mycotoxin Dr. R Madhusudhana Genetics,
Osmania
University,
Hyd

2006

Evaluation, elaboration of
mycotoxins and molecular
characterization of
Aspergillus infection
sorghum

16

BS Vijay Kumar

Network
Dr. CV Ratnavathi/
mycotoxin Dr. IK Das

2006

Morphological and
molecular
characterization of
toxigenic Fusarium sps of
sorghum ( Sorghum
bicolor L. Moench) in
India

17

M. Swarnalatha

-

2007

Genetic modification of
starches in sorghum

18.

RG Sandeep

DBTDr. MR Gururaj Rao
Stover QTL Dr. BV Bhat

2007

Genetic analysis of
bioethanol yield, its
related traits and
identification of
molecular markers for
sugar content in sweet
sorghum.

Dept of
Genetics,
Osmania
University,
Hyd

Dr. S. Audilakshmi & Department
Dr. N Seetharama
of Genetics,
Osmania
University, Hyd
University of .
Agril Sciences,
Bangalore
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Awards and Recognitions

Fellowships

held at NASC, New Delhi on 16 July, 08. The other
two members of award winning team are Drs.
Sanjeev Kumar Tyagi and Mridula Devi from
CIPHET, Ludhiana.

NAAS fellowship to Dr. N Seetharama: The National
Academy of Agricultural
Sciences (NAAS) has awarded its
prestigious fellowship to Dr. N
Seetharama. The NAAS,
established in 1990, focuses on
the broad field of agricultural
sciences and interface between
agriculture and agro-industry. The Academy
accords recognition to scientists at various levels,
and encourages cutting-edge research in
different fields of agricultural sciences.

ICAR’s - Jawaharlal Nehru Award: The “Jawaharlal
Nehru Award for outstanding Post-graduate
Agricultural Research 2007” is given to Dr. V
Girija Shankar in Biotechnology. His outstanding
contribution is on the effect of promoters on Bt
Transgenic expression in sorghum. Dr. Shankar
carried out his work at the Centre of
Biotechnology, JNTU, Hyderabad under the
supervision of Dr. N Seetharama.
Best poster award: The poster entitled “Approaches
for commercialization of sorghum through
value-addition and entrepreneurship
development” presented by B Dayakar Rao, Ch
Sashidhar Reddy, E Krishna Rao, T Sarada and CV
Ratnavathi was adjudged “Best poster Award” in
the National seminar on “Food security through
innovations in food processing and
entrepreneurship development” held at Kerala
Agriculture University, Vellanikkare, Trissur
during 29-30 Sept, 08.

Fellowship for Dr. SS Rao: Dr. SS Rao, Principal
Scientist (Plant Physiology) at
DSR has been awarded
Fellowship of Indian Society for
Plant Physiology (FISPP). He
received this prestigious
fellowship award in person at
New Delhi, on the venue of
national conference of the Indian Society for
Plant Physiology during 12-14 November, 2008.

Awards

Recognitions

ICAR’s - Outstanding Interdisciplinary Team
Research Award: Dr. Vitthal R Bhagwat, Pr.
Scientist (Entomology) is one of
the three representative team
members, who jointly received
the ICAR’s Award for
“Outstanding Interdisciplinary
Team Research in Agriculture
and Allied Sciences” for the
biennium 2005-06. The award was conferred on
them for their outstanding research contribution
for “byproduct utilization in mustard seeds”,
under the engineering and technology category.
The team received the award and citation from
Sh. Sharad Pawar,Hon’ble Union Minister of
Agriculture, and Sh. Kanti Lal Bhuria, Minister of
State for Agriculture during the award ceremony

Drs. S Audilakshmi, Principal Scientist, & B
Venkatesh Bhat, Senior Scientist, have been
recognized as post-graduate teachers in the
Department of Genetics and Plant Breeding and
Dr. SS Rao, Principal Scientist, in the discipline of
Crop Physiology by the University of Agricultural
Sciences, Bangalore for the purpose of teaching
and guiding post-graduate students.
The oral presentation on the topic ”Sweet sorghum:
An alternative energy crop for bioethanol
production” delivered by Dr. SS Rao, Principal
Scientist, was adjudged “Best presentation“ at
the National conference on “Biotechnological
approach to alternate energy”, during
December 5-6, 2008 held at IIT Madras, Chennai.
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Linkages and collaboration
Network Projects at DSR

Title

PI / Co-PI

Period

Budget

Funding
Source

Development of stemborer
and shoot fly resistant
transgenic Sorghum

KBRS Visarada, PG Padmaja
D Balakrishna

2005-2012

95.0 lakhs

ICAR

Mega (ICAR) Seed Project :
Vilas A. Tonapi, S
Seed production in
Audilakshmi, S Ravikumar,
agricultural crops and fisheries Prabhakar

2007-2011

105.10 lakhs
(XI plan)

ICAR

National Seed Project Crops
(BSP)

2002- ongoing till
date

20 lakhs

ICAR

2007-2011

23.52 lakhs
(XI plan)

ICAR

Vilas A. Tonapi, N
Kannababu

Intellectual property
Vilas A. Tonapi, M
management and
Elangovan
Transfer/commercialization of
Agricultural technology sheme
Preparation of plant variety
protection and DUS testing
through ICAR – SAU system

Vilas A. Tonapi, M
Elangovan

2003-04 to
ongoing till date

55.00 lakhs

PPV& FRA

Development of an
Appropriate Technology for
Efficient conversion of Sweet
sorghum Bagasse to Ethanol
Phase I: Optimization of
hemicellulose fractionation
and hydrolysate fermentation

SS Rao

2007-2010

14.12 Lakhs

DBT

Biotechnological approaches
towards forage crop
improvement

N Seetharama (Coordinator)

2007-2010

DBT

Development and application
of biotechnological tools for
millet improvement

N Seetharama (Coordinator)

2005-2010

DBT

Creation of demand for millet B. Dayakar Rao
foods through PCS value-chain

2007-12

60

349.16 lakhs

NAIP

Linkages and collaboration

Externally funded projects at DSR
Title

Principal
Investigator

Period

Budget
(Rs in Lakhs)

Funding
Source

Value chain model for bio-ethanol production
from sweet sorghum in rainfed areas through
collective action and partnership

SS Rao

2007-2012

108.90

NAIP

Bioprospecting of genes and allele mining for
abiotic stress tolerance (moisture stress) in
Sorghum bicolor (Moench L.)

Monika Dalal

2009 - 2012

107.35

NAIP

Genetic transformation and molecular analysis
of Indian sweet sorghum genotypes with Bt
gene constructs

KBRS Visarada

2008-2011

33.31

DBT

Establishing the role of volatile cues in
oviposition preference of sorghum shoot fly and
identifying associated QTLs

PG Padmaja

2008 - 2011

35.60

DBT

Biotechnological approach toward forage crop
improvement (Development of lines tolerant to
salinity and identification of associated
molecular markers in oats)

HS Talwar

2007-2010

15.80

DBT

Improving postrainy sorghum varieties to meet
the growing grain and fodder demand in India

HS Talwar

2008-2012

57.20

ACIAR

Mapping QTLs associated with traits determining N Seetharama
terminal drought tolerance in rabi sorghum

2005-2009

41.51

DBT

Development of transgenic Bt sorghum

KBRS Visarada

2005-2009

79.94

ICAR

Induction of Apomixis in sorghum by downregulation o somatic embryogenesis receptor
kinase (SERK1) gene in ovules

BV Bhat

2007-2012

87.67

NFBSRA

Identification of QTLs for the genetic
improvement of stover quality and resistance to
foliar diseases in dual purpose sorghum

BV Bhat

2007-2010

41.60

DBT

Development of appropriate technology of
efficient conversion of sweet sorghum bagasse
to ethanol Phase -: Optimization of
hemicellulose fractionation and hydrolysate
fermentation

SS Rao

2007-2010

14.12

DBT

Development of low HCN producing transgenic
forage sorghum using antisense approach

BV Bhat

2005-2010

24.68

DBT

61

Directorate of Sorghum Research - Annual Report 08-09

7

Highlights of All-India Coordinated

The 39th Annual Sorghum Group meeting of the
All India Coordinated Sorghum Improvement
Project (AICSIP) was held at College of
Agriculture, Rajamata Vijayaraje Scindia Krishi
Vishwa Vidyalaya (RVSKVV), Indore (Madhya
Pradesh) during 26-28 February, 2009. The
annual group meeting was formally inaugurated
by Dr. SP Tiwari, Deputy Director General (CS &
Edn.), ICAR in the presence of the chief guest Dr.
VS Tomar, the Honourable Vice -chancellor of
RVSKVV, Gwalior.

sorghum need to be finalized and submitted to
PPV&FRA to facilitate this class of cultivars.

s
All IPRs arising from AICSIP will be the property
of ICAR and will be handled accordingly. PC will
monitor documentation, registration and
commercialization of the same. It was decided
that all the applications of plant variety
registration will be routed through PC, AICSIP, as
decided by competent authorities.

s
The ownership issues under the collaborative
projects will be bound strictly by the ICAR’s IP
guidelines.

s
AICSIP data is official; therefore it shall not be
used for any other purpose without proper
authorization by the competent authority after
due documentation of the purpose of specified
usage.
2. Priorities for genetic enhancement

s
It is well understood that existing level of
resistances in agronomically elite materials is not
up to the mark. Therefore, well-characterized
novel germplasm needs to be used now for
enhancing resistances to stem pests, foliar
diseases and to increase grain and fodder
quality.

Dr. SP Tiwari, DDG (CS & Edn.) delivering the inaugural
address during 39th AGM at Indore

Recommendations

s
Multiple resistance resources already well

1. Germplasm and Intellectual Property related

characterized by the AICSIP must be fully
exploited for cultivar development.

s
Highest priority should be given to secure core

s
Marker-assisted selection (MAS) can be practiced

collection for sorghum germplasm available at
ICRISAT for evaluation and if necessary
reassemble in the Indian context.

along with conventional breeding approaches
for all priority traits such as resistances to shoot
fly, grain mold, leaf diseases and for grain and
stover quality improvement. Markers for
shootfly are already in practice. Markers for the
rest are in final stage of development at DSR.

s
Emphasis must be placed on registering and
protecting all superior breeding stocks.

s
DUS characterization should be carried out by
the breeders for hybrids, parental lines and
varieties at the earliest to protect newly
developed genetic stocks.

s
List of mega varieties is to be prepared for trait
improvement (genetic transformation, backcross breeding). These will be used for lineimprovement, and responsibilities for this will be

s
The request for testing of special traits for sweet

62

Highlights of All-India Coordinated Sorghum Improvement Project (AICSIP)

assigned to different stations.

s
There has been significant improvement in

3. Crop production technologies

monitoring. Monitoring team should also
monitor basic material generated, breeder seed
production, pre-breeding and basic and strategic
work and offer comments.
The existing
proforma may suitably be modified.

s
There is a need to revisit the recommended doses
of fertilizer in view of the responses of recently
developed cultivars to fertilizers.

s
Micronutrient studies, especially those on zinc

s
Standard terminology given in table of

and sulphur deficiencies should be conducted on
farmers fields

characteristics should be used by all. Use only SI
units and standard plot sizes.

s
Location-specific studies on intercropping and

5. New sorghum cultivars identified by VIC,
February 2009

soil fertility management including issues
related to profitability and sustainability must be
addressed.

s
? SPSSV 6 (from NRCS, Hyderabad):

Sweet
sorghum variety SPSSV 6 has significantly higher
juice yield than the popular check SSV 84. It has
higher fresh cane and ethanol yield, and total
soluble sugars. Also this variety has 18% more
grain yield as compared to SSV 84. The new
variety responds to higher fertility levels yielding
more juice. Stem borer damage is relatively less
than same in SSV 84. The variety is identified for
all sorghum growing states of the country for use
as sweet sorghum particularly for biofuel
production.

s
IPM modules developed for specific production
systems across sorghum growing states, need to
be refined and validated.
4. Organization and management, especially of
coordinated trials

s
There is a need for greater emphasis on
compiling and analyzing of data over different
years. Formal publication in reputed journals
must be accomplished soon.

s
The new basic and strategic research proposals

s
SPV 1746 (from Dharwad center of AICSIP): The

need to be fine-tuned and formal proposals be
sent to Council for authorization of funding
under AICSIP.

kharif sorghum grain mold tolerant variety SPV
1746 yielded very high levels of grain and fodder
which is on par with the check variety CSV 15 in
the central
sorghum growing states
of
Karnataka, Maharashtra, MP and Southern
Gujarat where sorghum is a popular food. This
variety is tolerant to grain mold (on par with CSV
15) and is resistant to downy mildew as well. The
grains of SPV 1746 make superior roties than
those of CSV 15. The new variety has good
spreading quality and aroma. The grain of the
variety has significantly higher crude protein
percentage. This variety has medium lustrous
white grain, which fetches higher market price as
compared to CSV 15. Based on the performance,
this variety is identified for cultivation in the
states of Karnataka, Maharashtra, Madhya
Pradesh and Southern Gujarat.

s
Seeds of A, B & R lines should be provided along
with the hybrid seed for testing under parental
line trials.

s
The tested entries for release will be identified
state-wise (only).

s
No international collaboration will be taken up
by the AICSIP scientists without the concurrence
of ICAR. For this purpose DSR will act as the nodal
agency.

s
Web-based on-line data submission in the line of
the practice at NRC on Soybean will be followed.
The PC will organize this through appropriate
outsourcing. All AICSIP centers will be able to
share SYSTAT statistical software purchased by
DSR. Training will be also organized.
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List of Publications - 2008-09

Journal papers

S., Saikishore, N. and Seetharama, N. 2009.
Transgenic Breeding - Perspectives and
Prospects. Crop Science. Accepted CROP-200810-0581-RIP.R2 (IF- 8.1).

International
Aruna, C. and Padmaja, P.G. 2009. Evaluation of
genetic potential of shoot fly resistant sources in
sorghum (Sorghum bicolor (L.) Moench). Journal
of Agricultural Science 147 (01):71-80. (NAAS
Impact Factor (IF - 7.9).

National
Chandra Sekara Reddy, D., Audilakshmi, S. and
Seetharama, N. 2009. Genetic variability and
divergence for DUS testing traits in sorghum.
Indian Journal of Agricultural Sciences 79 (3):
(accepted) (IF – 7.2).

Das, I.K. Indira, S. Annapurna, A., Prabhakar and
Seetharama, N. 2008. Biocontrol of charcoal rot
in sorghum by fluorescent pseudomonads
associated with the rhizosphere. Crop Protection
27:1407-1414 (IF – 8.1).

Jhansi Rani, K., Rana, B.S., Kaul, S.L., Rao, S.S. and
Ganesh, M. 2008. Association of physiological
and morphological characteristics with grain
yield in rabi sorghum. Journal of Maharashtra
Agricultural University 33 (3): 303-305 (IF - 1.0).

Murali Mohan, Madhusudhana, R., Kusum Mathur,
Catherine Howarth, Srinivas, G., Satish, K.
Nagaraja Reddy and Seetharama, N. 2008. Colocalization of quantitative trait loci for foliar
disease resistance in sorghum. Plant Breeding
PLBR-07-SC-366.R3 . (IF – 8.0).

Jhansi Rani, K. and Rao, S.S. 2008. Mid parental gcaa better prediction of hybrid performance in rabi
sorghum. Research on Crops 9 (3) Accepted.
Jhansi Rani, K., Rao, S.S. and Ganesh, M. 2008.
Association of physiological and morphological
characteristics with grain yield in rabi sorghum.
The Journal of Research ANGRAU 36 (2)
Accepted (IF – 1.0).

Srinivas, G., Satish, K. Madhusudhana, R. and
Seetharama, N. 2008. Exploration and mapping
of microsatellite markers from droughtresponsive ESTs in Sorghum bicolor (L.) Moench.
Theoretical and Applied Genetics 10.1007/S
00122-008-0931-Z (IF – 8.9).

Jhansi Rani, K., Rao, S.S. and Kaul, S.L. 2009. Genetic
diversity in sorghum for panicle components and
morpho-physiological traits important for rabi
adaptation. Indian Journal of Agricultural
Science 1-24/2008-EEU Accepted (IF 7.2).

Srinivas, G., Satish, K., Madhusudhana, R.,
RamaReddy, Nagaraja Reddy, Murali Mohan, S.
and Seetharama, N. 2009. Identification of
quantitative trait loci (QTL) for agronomically
important traits and their association with genicmicrosatellite markers in sorghum. Theoretical
and Applied Genetics TAG-2008-0562.R2 (IF –
8.9).

Mishra, J.S. 2008. Efficacy of metribuzin on weeds
and yied of fieldpea (Pisum sativum). Indian
Journal of Agricultural Sciences 78 (8): 676-679
(IF 7.2).

Tonapi, V.A., Ryley, M., Galea, V., Bhuiyan, S. and
Wearing, A. 2009. Iterative germination and
innovative techniques for the production and
inoculation of secondary conidia of sorghum
ergot (Claviceps africana). Archives of
Phytopathology and Plant Protection 42 (3): 248254 (NAAS-IF-4.0).

Mishra, J.S. and Singh, V.P. 2008. Competitive ability
of wheat (Triticum aestivum) cultivars against
wild oat (Avena ludoviciana) infestation under
zero tillage. Indian Journal of Agricultural
Sciences 78 (10): 838-841 (IF 7.2).
Mishra, J.S. and Singh, V.P. 2008. Effect of tillage
sequence and weed control on weed seedbank
dynamics in soybean (Glycine max) – linseed

Visarada, K.B.R.S., Kanti Meena, Aruna, C., Srujana,
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(Linum usitatissimum) cropping system in
vertisols. Indian Journal of Agricultural Sciences
78 (11): 981-983 (IF 7.2).

regulation and root traits and their association
with yield parameters in Mothbean (Vigna
Aconitifolia Jacq.) under rainfed conditions of
Arid Zone. Annals of Arid zone 47(2): 169-75 (IF –
3.0).

Nagaraja Reddy, Murali Mohan, Madhusudhana, R.
and Umakanth, A.V. 2008. Inheritance of
morphological characters in sorghum. SAT e
Journal 6: 1-3.

Talwar, H.S., Soni, M. L., Beniwal, R. K., Yadava, N.
D., Singh, J. P., Rathore, V. S. and Sunil Kumar.
2008. Crop physiological approaches to evaluate
drought resistant traits in clusterbean
(Cyamopsis tetragonoloba L. Taub.). Indian
Journal of Agricultural Sciences. 78:413-17 (IF –
7.2).

Ravi Kumar, V., Ravi Kumar, S., Raut,
M.S.,
Sreenivas, G. and Raji Reddy, D. 2008. Validation
of APSIM and CERES – Sorghum model for
prediction of rabi sorghum yields in Solapur
region of Maharashtra. Journal of
Agrometeorology Special Issue – Part 1: 146-149.
(IF – 3.0).

Soni, M.L., Beniwal, R.K., Yadava, N.D. and Talwar,
H.S. 2008. Spatial distribution of soil organic
carbon under agro-forestry and traditional
cropping system in hyper arid zone of Rajasthan.
Annals of Arid zone 47(1): 103-106 (IF – 3.0).

Ravi Kumar, V., Ravi Kumar, S. and Anji Reddy, M.
2008. Zonation of rabi sorghum area of
Maharashtra on the basis of potential yield.
Journal of Research ANGRAU 36 (4) (IF – 1.0).

Books

Ravindra Reddy, Ch., Vilas Tonapi, Bezkovowajnyi,
P.G., Tirupathy Reddy, G. and Wani, S.P. 2008.
Village based seed banks in Andhra Pradesh – A
case study. MANAGE Extension Review 8 (1): 118.

In English
Vilas A. Tonapi, Elangovan, M., Kannababu, N.
Raghavendra Rao, K.V. Raghunath Kulkarni,
Chandra Sekara Reddy, D., Ram Swaroop Meena,
Gawali, H.S. and Seetharama, N. 2009. Sorghum
Cultivars of India: Hybrid, Varieties and parental
lines. National Research Centre for Sorghum,
Rajendranagar. Hyderabad 500 030, Andhra
Pradesh, India. 144pp. ISBN 81-89335-23-5.

Shyam Prasad, G., Jayakumar, V. and Sharma,
T.V.R.S. 2008. Management of coconut
rhinoceros beetle (Oryctes rhinoceros) by
augmentation of Oryctes baculovirus (Kerala
isolate) in little Andaman Islands. Indian Journal
of Agricultural Sciences. 78 (11): 962-965 (IF –
7.2).

Chari Appaji, Ravikumar, S., Shashidhar Reddy, Ch.,
Bhagwat, V.R., Mukesh, P. and Subbarayudu, B.
2008. A decade of Front-line demonstrations on
sorghum: Results and Impact 1996-97 to 2006-07.
National Research Centre for sorghum (NRCS),
All India Co-ordinated Sorghum Improvement
Project (AICSIP), Rajendranagar, Hyderabad 500
030, Andhra Pradesh, India. PP. 72. ISBN 8189335-21-9.

Shyam Prasad, G., Jayakumar,V., Bhagwat, V.R., and
Subbarayudu, B. 2007. Intercropping in Brinjal: a
prospectful component for the management of
fruit and shoot borer, Leucinodes orbonalis
Guenee (Pyralidae : Lepidoptera). Vegetable
Science 34 (2): 189-191. (IF – 4.0).
Talwar, H.S, Ashok Surwenshi and Seetharama, N.
2009. Use of SPAD chlorophyll meter reading to
screen sorghum (Sorghum bicolor (L.) lines for
post-flowering drought tolerance. Indian
Journal of Agricultural Sciences 79(1): 33-37. (IF –
7.2).

Gowri M. Sajjanar, Prema B. Patil, Biradar, B.D.,
Hemalatha, S., Vilas A. Tonapi, Elangovan, M.
Raghavendra Rao, K.V. and Seetharama, N. 2009.
Special Sorghum varieties of North Karnataka
for traditional and novel foods, value addition
and entrepreneurship development. National
Research Centre for Sorghum, Rajendranagar.
Hyderabad 500 030, Andhra Pradesh, India.
69pp. ISBN 81-89335-22-27.

Talwar, H.S., Soni, M. L., Beniwal, R. K., Yadava, N.
D., Singh, J. P., Rathore, V. S. and Sunil Kumar.
2008. Genotypic Variations in stomatal
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diversity and utilization. In: Reddy Belum VS,
Ramesh S, Ashok Kumar A and Gowda CLL (eds.)
2008. Sorghum Improvement in the New
Millennium. Patencheru 502324, Andhra
Pradesh, India: International Crops Research
Institute for the Semi-Arid Tropics. 340 pp. ISBN
978-92-9066-512-0.

In Kannada
Biradar, B.D., Balikai, R.A., Ashwatthama,V.H., GM
Sajjanar, Vilas A. Tonapi, Raghunath Kulakarni
and Seetharama, N. 2009. Jola: Ona
besayadallina hasiru krantiya harikara (In
kannada language): Sorghum-Harbinger of
green revolution in dryland agriculture. National
Research Centre for Sorghum, Rajendranagar.
Hyderabad 500 030, Andhra Pradesh, India. 210
pp. ISBN 81-09335-09-X.

Bhagwat, V.R. and Shyam Prasad, G. 2008.
Khadyanya Bhandaran me keet Prabhandan in
Hindi In: Krishi Prabhandhan Ke naye ayam. (Eds.
J Renuka and A Gopalam) Published by NAARM,
Rajendranagar, Hyderabad, September, 2008,
Vol.3 pp. 8-19.

Gowri M. Sajjanar, Prema B. Patil, Biradar, B.D.,
Hemalatha, S., Vilas A. Tonapi, Biradar, D.P. and
Seetharama, N. 2009. Uttara Karnatakadalliya
jolada vishishtha taligala maulyavardhane
mattue uddimegarikeya abhivriddhi (In
Kannada language): Special Sorghum varieties
of North Karnataka for traditional and novel
foods, value addition and entrepreneurship
development. National Research Centre for
Sorghum, Rajendranagar. Hyderabad 500 030,
Andhra Pradesh, India. 61+8 pp. ISBN 81-8933523-5.

Bhat, B.V. 2008. Genetic improvement of forage
sorghum. In: Sorghum improvement in the new
millennium. (eds. Reddy BVS, Ramesh S, Kumar
AA and Gowda CLL). ICRISAT, Patancheru AP pp.
124-131.
Das, I.K., Bandamaravuri Kishore Babu, Alok, K.
Srivastava, Sudheer Kumar and Dilip K Arora.
2008. Ecology, biology and management of
Macrophomina phaseolina: An overview.
Agriculturally important microorganisms (Vol.1)
Eds. George G Khachatourians,Dilip K Arora, TP
Rajendran and Alok K Srivastava.

In Marathi
Chavan, U.D., Bhagwat, V.R., Ratnavathi, C.V., Patil,
J.V. Gawali, H.S. and Sailaja, V. 2008. Jowariche
ruchakar padharth (in Marathi). National
Research Centre for Sorghum pp. 52, NRCS ISBN
No. 81-89335-20-0.

Das, I.K. and Rao, S.V. 2008. Field screening
technique for charcoal rot resistance in sorghum.
In: Sorghum improvement in the new
millennium. (eds. Reddy BVS, Ramesh S, Kumar
AA and Gowda CLL). ICRISAT, Patancheru AP pp.
57-61.

Book Chapters
Aruna, C., and Audilakshmi, S. 2008. Reproductive
biology and breeding behavior. In: Belum VS
Reddy, S Ramesh, A. A. Kumar and G. CLL (eds.)
Sorghum Improvement in the New Millennium.
International Crops Research Institute for SemiArid Tropics, Patancheru, Hyderabad.,
Hyderabad. pp. 7-12.

Dayakar Rao, B. 2008. Sorghum cultivation in India:
Past and future. Pages 1-6 in Sorghum
Improvement in the New Millennium (Reddy
BVS, Ramesh S, Ashok Kumar A and Gowda CLL,
eds.). Patancheru 502 324, Andhra Pradesh,
India: International Crops Research Institute for
the Semi-Arid Tropics. pp. 1-6.

Audilakshmi, S, and Aruna, C. 2008. Breeding
methods in sorghum. In: Belum VS Reddy, S
Ramesh, A. A. Kumar and G. CLL (eds.) Sorghum
Improvement in the New Millennium
International Crops Research Institute for SemiArid Tropics, Patancheru, Hyderabad.,
Hyderabad. pp. 28-30.

Elangovan, M., 2008. Management of seed
genebank. In: Reddy Belum VS, Ramesh S, Ashok
Kumar A and Gowda CLL (eds.) 2008. Sorghum
Improvement in the New Millennium.
Patencheru 502324, Andhra Pradesh, India:
International Crops Research Institute for the
Semi-Arid Tropics. 340 pp. ISBN 978-92-9066-5120.

Belum, V.S. Reddy, Ashok Kumar, A., Sanjana Reddy,
P. and Elangovan, M. 2008. Sorghum germplasm:
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Elangovan, M., Seetharama, N., Khairwal, I.S.,
Krishne Gowda, K.T., Seetharam, A. Vilas A.
Tonapi and Sivaraj, N. 2009. Sorghum and Millet
Genetic Resources Management In:
Agrobiodiversity, Vol. I-crop genetic resources
and conservation (Eds. S Kannaiyan and E
Gopalam), Associated publishing company, New
Delhi. 352pp. ISBN 81-85211-72-8.

Rao, S.V. 2008. Bio-safety in transgenic crops –
sorghum. In: Sorghum improvement in the new
millennium. (eds. Reddy BVS, Ramesh S, Kumar
AA and Gowda CLL). ICRISAT, Patancheru AP pp.
206-207.
Ratnavathi, C.V. 2008. Alternative uses of sorghum
grain and other products. In: Sorghum
improvement in the new millennium. (eds.
Reddy BVS, Ramesh S, Kumar AA and Gowda
CLL). ICRISAT, Patancheru AP pp. 275-279.

Kannababu, N. and Vilas A. Tonapi. 2008. Guidelines
for the conduct of Test for Distinctness,
Uniformity and Stability on Sorghum (Sorghum
bicolor (L.) Moench). In: Sorghum improvement
in the New Millenium (Eds. Belum VS Reddy, S
Ramesh, A Ashok Kumar and CLL Gowda).
International Crops Research Institute for SemiArid Tropics, Patancheru, Hyderabad. PP 259-274
.ISBN 978-92-9066-512-0. 340 pp.

Vilas A. Tonapi. 2008. Seed processing, testing,
storage and marketing of sorghum. In: Sorghum
improvement in the New Millenium (Eds. Belum
VS Reddy, S Ramesh, A Ashok Kumar and CLL
Gowda). International Crops Research Institute
for Semi-Arid Tropics, Patancheru, Hyderabad.PP
222-231. ISBN 978-92-9066-512-0. 340 pp.

Mahesh Kumar, Ratnavathi, C.V., Bhagwat, V.R. and
Sailaja, V. 2008. Jowar Ke Ahar Ki Upadeyata. in
Hindi In: Krishi Prabhandhan Ke naye ayyam.
(Eds. J Renuka and A Gopalam) Published by
NAARM, Rajendranagar, Hyderabad,
September, 2008, Vol.3 pp. 89-91.

Vilas A. Tonapi. 2008. PPV and FR Act and national
seed policy. In: Sorghum improvement in the
New Millenium (Eds. Belum VS Reddy, S Ramesh,
A Ashok Kumar and CLL Gowda). International
Crops Research Institute for Semi-Arid Tropics,
Patancheru, Hyderabad.PP 232-258 .ISBN 978-929066-512-0. 340 pp.

Rao, S.S., Elangovan, M., Umakanth, A.V., and
Seetharama,N. 2008. Characterizing phenology
and growth stages of sorghum hybrids. In: Reddy
Belum VS, Ramesh S, Ashok Kumar A and Gowda
CLL (eds.) 2008. Sorghum Improvement in the
New Millennium. Patencheru 502324, Andhra
Pradesh, India: International Crops Research
Institute for the Semi-Arid Tropics. 340 pp. ISBN
978-92-9066-512-0.

Technical Bulletins
Dayakar Rao, B., Shashidhar Reddy, Ch., Nirmal
Reddy, K. and Seetharama, N. 2008. Package of
practices for improved kharif sorghum
cultivation (English). National Agricultural
Innovation Project (NAIP), ITC, Secunderabad,
500 003 and NRCS, Rajendranagar, 500 030,
Andhra Pradesh, India. NAIP/ITC/NRCS
TECH/2/2008-09, 16 pp.

Rao, S.S., Seetharama, N., Dayakar Rao, B.,
Ratnavathi, C.V. and Reddy, Ch S. 2008. Sweet
sorghum - a potential energy crop for biofuel
production in India. Pages 281-288 in Sorghum
Improvement in the New Millennium (Reddy
BVS, Ramesh S, Ashok Kumar A and Gowda CLL,
eds.). Patancheru 502 324, Andhra Pradesh,
India: International Crops Research Institute for
the Semi-Arid Tropics. 340 pp.

Dayakar Rao, B., Shashidhar Reddy, Ch., Nirmal
Reddy, K. and Seetharama, N. 2008. Rabi
Jowarichya Sudharit Lagwad Padhati (Marathi).
National Agricultural Innovation Project (NAIP),
ITC, Secunderabad, 500 003 and NRCS,
Rajendranagar, 500 030, Andhra Pradesh, India.
NAIP/ITC/NRCS TECH/2/2008-09, 16 pp.
Dayakar Rao, B., Shashidhar Reddy, Ch., Nirmal
Reddy, K., Ratnavathi, C.V., Shyam Prasad, G. and
Seetharama, N. 2009. Package of practices for
improved rabi sorghum cultivation. National
Agricultural Innovation Project (NAIP), ITC,
Secunderabad, 500 003 and NRCS,

Rao, S.V. 2008. Inter-specific hybridization in
sorghum genetic improvement. In: Sorghum
improvement in the new millennium. (eds.
Reddy BVS, Ramesh S, Kumar AA and Gowda
CLL). ICRISAT, Patancheru AP pp. 145-146.
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Rajendranagar, 500 030, Andhra Pradesh, India.
Technical Bulletin number NAIP/ITC/
NRCSTECH/4/2009, 14pp.

Modipuram, Meerut during 19-21, February,
2009, pp 109.
Mall. A.K., Audilakshmi,S. and Seetharama, N. 2008.
Genetic architecture of sweet stalk and
associated traits in sorghum. XX International
Congress of Genetics held in Berlin, Germany
from July 12-17, 2008. A-065-0002-00167.

Sashidhar Reddy, Ch., Dayakar Rao, B., Nirmal
Reddy, K. and Seetharama, N. 2008. Kharif Jonna
Adhika Dhigubadiki melaina sankethika
parignanam (Telugu). National Agricultural
Innovation Project (NAIP), ITC, Secunderabad,
500 003 and NRCS, Rajendranagar, 500 030,
Andhra Pradesh, India. NAIP/ITC/NRCS
TECH/1/2008-09, 16 pp.

Nagaraja Reddy, R., Madhusudhana, R., Prashanthi,
M., Murali Mohan, S., Srinivas, G., Satish, K. and
Seetharama, N. 2009. Transferability of sorghum
EST-SSRs across other members of gramineae. In:
International conference on “Current trends in
Biotechnology and Implications in Agriculture”
held at SVP University of Agriculture and
Technology, Modipuram, Meerut during 19-21,
February, 2009, pp 110-111.

Conference Papers/Posters/Abstracts
International
Oral Presentation
Nagaraja Reddy, R., Madhusudhana, R., Murali
Mohan, S., Srinivas, G., Satish, K., Chakravarthi,
D.V.N., Roja Ramani, D. and Seetharama, N.
2009. Molecular tagging of Rf1 gene for pollen
fertility restoration in sorghum (Sorghum bicolor
(L) Moench). In: International conference on
“Current trends in Biotechnology and
Implications in Agriculture” held at SVP
University of Agriculture and Technology,
Modipuram, Meerut during 19-21, February,
2009, pp.100.

National
Oral Presentation
Dayakar Rao, B., Ratnavathi, C.V., Shashidhar
Reddy, Ch., Seetharama, N., Sarada Kiranmai,
E.T. and Krishna Rao, E. 2008. Food security
through innovations in food processing and
entrepreneurship development - a case study of
sorghum. In: National seminar on food security
through innovations in food processing and
entrepreneurship development, KAU,
Vellanikara, Thrissur, 29-30 September, 2008.

Visarada, K.B.R.S., Padmaja, P.G., Saikishore, N.,
Pashupatinath, E., Kanti Meena, Rao, S.V. and
Seetharama, N. 2009. Transgenic sorghum to
control stemborer. In the theme area Plant
Biotechnology. In: International conference on
“Current trends in Biotechnology and
Implications in Agriculture” held at SVP
University of Agriculture and Technology,
Modipuram, Meerut during 19-21, February,
2009, pp.120.

Dayakar Rao, B., Rao, S.S. and Seetharama, N. 2009.
Economics of sweet sorghum cultivation. In: Tata
Chemicals Ltd. Kharif roll out plan, Aurangabad,
Maharashtra, March, 2009.
Elangovan M., D Chandrasekara Reddy and Vilas A.
Tonapi. 2008. Indian Sorghum land races
mapping through GIS. Paper presented at 1st
Andhra Pradesh Science Congress. 14-16
November, 2008. Osmania University,
Hyderabad. P 203.

Posters
Karunakara Raju, R., Nagaraju, K., Annapurna, A.,
Srinivas, R., Gawali, H.S., Rao, S.V. and Visarada,
K.B.R.S. 2009. Simple methods to generate
ample explants sources for genetic
transformation of sorghum. In the theme area
Plant Biotechnology. In: International
conference on “Current trends in Biotechnology
and Implications in Agriculture” held at SVP
University of Agriculture and Technology,

Mishra, J.S., Dayakar Rao, B. and Seetharama, N.
2009. Sorghum (Sorghum bicolor): A wonder
crop for rural livelihood security. In: National
seminar Rural India Developmental Alternatives:
Sectoral convergence for livelihood security,
CIRG Makhdoom, Farah-281-122, Mathura (UP)
India, January 16-18, 2009.
Ratnavathi, C.V., Dayakar Rao, B. and Seetharama,
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N. 2008. Processing and value addition to grain
sorghum. In: National Seminar on “Food grain
processing – A strategic alternative to second
green revolution” and Rice Tech Exhibition on
19th and 20th September, 2008, I.V. Palace,
Vijayawada, Andhra Pradesh.

Agriculture held during 7-8 November, 2008 at
Panjab University, Chandigarh. Abstract page
no. 4.
Rajenda Krishna, G.V., Srinivas, R. Visarada, K.B.R.S.
and Rao, S.V. 2008. Transient Gus Expression in
SPV 462 Sorghum using Agrobacterium
mediated transformation. International
Symposium on Recent Trends in Biotechnology in
Agriculture organized by the Kakatiya
University, Warangal during 15-17 August,
2008. PB-34.

Seetharama, N., Bhat, B.V., Umakanth, A.V.,
Madhusudhana, R and Dalal, M. 2009. Progress in
Genetic improvement of fodder quality of
sorghum. National symposium on “Emerging
Trends in Forage Research and Livestock
Production” organized by Society for Forage
Research during February 16-17, 2009 at
Jaisalmer, Rajasthan.

Rao, S.S., Seetharama, N., Ratnavathi, C.V, Dayakar
Rao, B. and Umakanth, A.V. 2008 . Utilizing
sweet sorghum as an alternative energy crop for
bioethanol production: Agrotechnology and
pre-commercialization in liaison with
agroindustries. National
conference on
“Biotechnological Approaches to Alternate
Energy” 5-6 Dec, 2008, IITM,Chennai Golden
Jubilee Year-2008.

Papers
Ravindra Reddy, Ch., Vilas A Tonapi,
Bezkovowajnyi, P.G., Tirupathy Reddy, G., Ashok
S Aliu, Ratnakar, R., and Wani, S.P. 2008.
Developing a community based seed systems. In:
Proceedings of the National Seed Congress,
Organized by UAS, Bangalore and National Seed
Research and training centre, Varanasi, at USA,
Bangalore 22-23, December, 2008. pp: 1-9.

Vijay Kumar, B.S. Komala, V.V., Das, I.K. and
Ratnavathi, C.V. 2008. Biological control of
mycotoxigenic fungi on sorghum grain. Ist AP
SCIENCE CONGRESS 2008, Emerging trends in
Science and Technology November 14-16, 2008.
Andhra Pradesh Akademi of Sciences and
Osmania University, Hyderabad– 500 007. LA-P3.

Posters
Chandra Sekara Reddy, D., Audilakshmi, S.,
Seetharama, N. and Kannababu, N. 2008.
Genetic variability and divergence for DUS traits
in sorghum Ist AP Science Congress 2008,
Emerging trends in Science and Technology
November 14-16, 2008. Andhra Pradesh
Akademi of Sciences and Osmania University,
Hyderabad– 500 007. LA-P4.

Vijay Kumar, B.S., Komala, V.V., Das, I.K.,
Ratnavathi, C.V. and Annapurna, A. 2009.
Bacterial anatagonists for biological control of
mycotoxigenic fungi in sorghum. In: National
seminar on “Recent advances in molecular
microbiology and microbial technology, 22-24
January, 2009 Organised by Department of
Microbiology, Kakatiya University,
Warangal,108.

Dayakar Rao, B., Shashidhar Reddy, Ch., Ratnavathi,
C.V., Krishna Rao, E., Sarada, T. and Seetharama,
N. 2008. Approaches for commercialization of
sorghum through value-addition and
entrepreneurship development. In : National
seminar on food security through innovations in
food processing and entrepreneurship
development, KAU, Vellanikara, Thrissur, 29-30
September, 2008.

Vijay Kumar, B.S., Rao, S.S., Ratnavathi, C.V.,
Chandhra Shekar Reddy, D. and Seetharama, N.
2009. Bioethanol production from sweet
sorghum lignocellulosic biomass: compositional
analyses, yeast isolation and purification. In:
National seminar on “Recent advances in
molecular microbiology and microbial
technology, 22-24 January, 2009 Organised by
Department of Microbiology, Kakatiya
University, Warangal,107.

Pandey, A.K., Ramya, S., Madhu, P., Bhat, B.V., Bhat,
V. and Seetharama, N. 2008. Somatic
embryogenesis receptor kinase genes in
sorghum (Sorghum bicolor L.) Poster presented
at the National symposium on New Biology in
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Visarada, K.B.R.S. and Rao, S.V. 2008. Transgenic
research at NRC Sorghum. Ministers conference
26 Jun 08 NAARM, Rajendranagar, Hyderabad.

sorghum germplasm lines. Ist AP Science
Congress 2008, Emerging trends in Science and
Technology November 14-16, 2008. Andhra
Pradesh Akademi of Sciences and Osmania
University, Hyderabad– 500 007. LA-P2.

Abstracts
Ashok Kumar, A., Rao, S.S., Michael Blümmel,
Srinivasa Rao, P., Reddy Sanjana, P. and Reddy
Belum, V.S. 2008. Genetic enhancement of sweet
sorghum for improved fodder quality. Forage
Symposium-2009: Emerging Trends in Forage
Research and Livestock Production, Feb. 16-17,
2009, RRS, Jaisalmer CAZRI, Rajasthan. India.

Rao, S.S., Seetharama, N., Ghorade, R.B., Salunke,
V.D., Jadhav, B.D., Shinde, M.S., Nirmal, S.V.,
Ganeshmurthy, K., Shrotria, P.K., Hunsigi, G.,
Nimbkar, N., Naidu, N.V., Mukunda Rao, Ch.,
Madhuri, K.V.N., Uppal, S.K. , Thind, K.S.,
Ratnavathi, C.V. and Umakanth, A.V. 2008.
Potential of sweet sorghum for biofuel
(bioethanol) production in India: Cultivar
development, multi-environment testing, and
pre-commercialization studies in liaison with
sugar & biofuel industries. In : Proc. Golden
Jubilee conference on
“Challanges and
emerging strategies for improving plant
productivity ” 12-14 November, 2008, Div of
Plant Physiology, IARI, New Delhi, India. pp169.

Bhat, B.V., Pandey, A.K., Ramya, S., Pushpa, K.,
Balakrishna, D. and Seetharama, N. 2009
CYP79A1 antisense gene for reducing HCN
toxicity in Forage Sorghum. National symposium
on “Emerging Trends in Forage Research and
Livestock Production” organized by Society for
Forage Research during February 16-17, 2009 at
Jaisalmer, Rajasthan.
Komala, V.V., Ratnavathi, C.V., Vijay Kumar, B.S.
and Das, I.K. 2009. Inhibition of Aspergillus
flavus growth and Aflatoxin production by an
antifungal component Eugenol in sorghum
grain. In: National seminar on “Recent advances
in molecular microbiology and microbial
technology, 22-24 January, 2009, Organised by
Department of Microbiology, Kakatiya
University, Warangal, 56.

Rao, S.S., Kiran Kumar, K.A., Seetharama, N.,
Prabhakar, and Talwar, H.S. 2008. Enhancing the
rabi sorghum productivity: Characterizing key
functional traits conferring adaptation to
terminal drought and productivity in staygreen
and rabi adapted sorghums. In : Proc. Golden
Jubilee conference on
”challanges and
emerging strategies for improving plant
productivity ” 12-14 November, 2008, Div of
Plant Physiology , IARI, New Delhi, India. pp173.

Mall, A.K., Chandra Sekara Reddy, D., Swarnalatha,
M., Audilakshmi, S. and Seetharama, N. 2008.
Inheritance of sweet stalk and associated traits in
sorghum. Ist AP Science Congress 2008, Emerging
trends in Science and Technology November 1416, 2008. Andhra Pradesh Akademi of Sciences
and Osmania University, Hyderabad– 500 007.
LA-P7.

Ravinder Reddy Ch., Vilas A. Tonapi, PG
Bezkorovwajnyi, G Thirupathi Reddy, Ashok S
Alur, R Ratnakar and SP wani. 2008. Developing a
community based seed system. Proceedings of
the National Seed congress, Organized by
University of Agricultural sciences, Bangalore
and National seed Research and Training Centre,
Varanasi, at UAS Bangalore, 22-23 December,
2008. P 1.

Paramesh, H., Vinodh Ratnala, Vijaya, I.,
Balakrishna, D. and Seetharama, N. 2008.
Genotypic variation for in vitro callus induction
in sorghum (Sorghum bicolor (l) Moench.). Ist AP
Science Congress 2008, Emerging trends in
Science and Technology November 14-16, 2008.
Andhra Pradesh Akademi of Sciences and
Osmania University, Hyderabad– 500 007. LA-P5.

Popular articles
Sashidhar Reddy, Ch., Dayakar Rao, B., Mukesh, P.
and Subbarayudu, B.
2008. Kharif Jonna
Adhikadiguadiki acharinchaalasina
Yajamanyapaddatulu (In Telugu). Padipantalu
67 : 27-29

Pavithra, S., Sateesh, K. and Madhusudhana, R.
2008. Assessment of genetic diversity among

Sashidhar Reddy, Ch., Dayakar Rao, B., Mukesh, P.
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and Subbarayudu, B. 2008. Jonna pantanu
aashinchu purugulu, thegullu vati yajamanyam

Books Published
Sorghum Cultivars of India

Special sorghum varieties of North
Karnataka for traditional and novel
foods, value-addition and
entrepreneurship development

This book is a compendium of
Indian sorghum hybrids, varieties
and parental lines. This provides
essential information on sorghum
genotypes released in the country
both at central and state level

This book attempts to document
description of three distinct special
purpose sorghum landraces of
northern Karnataka, and the
preparations of various delicious
foods and possible scope for
entrepreneurship.

Jola: Ona besayadallina hasiru
krantiya Harikara (Sorghum: A
harbinger of green revolution
in dry-land agriculture) in Kannada

Jwariche ruchikar padharth.
(Delicious recipes of sorghum) in
Marathi
This book describes the preparation
of various foods from sorghum
flour.

This publication deals with the
history of sorghum development in
India, advances in sorghum
research and development and
advanced production technologies
including the technologies for
processing and value-additions.

Package of practices for improved
rabi sorghum cultivation

Special sorghum varieties of North
Karnataka for traditional and novel
foods, value-addition and
entrepreneurship development (in
Kannada)

This book deals with various
aspects of rabi sorghum cultivation
including agronomic practices,
popular and recommended
cultivars, Major insect pests
and diseases and their control,
IPM modules and contingent
crop management techniques.

This book attempts to document
description of three distinct special
purpose sorghum landraces of
northern Karnataka, and the
preparations of various delicious
foods and possible scope for
entrepreneurship.
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List of approved research projects

S. No

Project Title

Duration

Principal
investigator

Associates

1

Role of plant volatiles in oviposition
behavior of sorghum shoot fly
Atherigona soccata Rondani).

2008 -2011

PG Padmaja

N Seetharama

2

Wide hybridization and mutagenesis
in sorghum to create economically
useful pre-breeding material.

2008 -2011

SV Rao

KBRS Visarada &
M Elangovan

3

Sorghum genetic resources Management. 2008 -2011

M Elangovan

VA Tonapi & Prabhakar

4

Basic and strategic studies on seed
longevity in sorghum.

2008 -2012

N Kannababu

R Madhusudhana,
G Shyam Prasad, IK Das,
HS Talwar, VA Tonapi &
M Elangovan

5

Overcoming cold-induced poor seed set
and ergot incidence in sorghum.

2008 -2012

VA Tonapi

IK Das, R Madhusudhana,
M Elangovan, Prabhakar &
N Kannababu

6

Improving grain mold resistance to
sorghum parental lines.

2008 -2011

S Audilakshmi

IK Das & CV Ratnavathi

7

Genetic enhancement of sweet sorghum
for high sugar content, high biomass
and related traits.

2008 -2011

AV Umakanth

BV Bhat, SS Rao &
G Shyam Prasad

8

Improving and utilizing sweet sorghum
2008 -2011
for high biofuel and biomass production.

SS Rao

AV Umakanth, M Elangovan,
B Dayakar Rao, CV Ratnavathi
& JS Mishra

9

Overcoming Fusarium-induced losses
in grain sorghum.

2008 -2012

IK Das

S Audilakshmi &
R Madhusudhana

10

Identification of new sources and
traits associated with drought
tolerance in sorghum.

2008 -2012

HS Talwar

Prabhakar, M Elangovan &
CV Ratnavathi
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RAC Meeting and significant decisions

The IX Research Advisory Committee met on
August 30, 2008 under the Chairmanship of Dr. S
Raghuvardhan Reddy, Former Vice-chancellor,
ANGRAU, Hyderabad and reviewed the progress
in research at DSR. Other distinguished external
RAC Members present were: Drs. H. P Singh
(former Director, CRIDA, Hyderabad), R.
Parameswarappa (Former, Director of Research
UAS, Dharwad). Dr SN Shukla, ADG (FFC) was the
ICAR representative from the headquarters. Dr.
N Seetharama welcomed the distinguished RAC
chairman and the members, and presented the
overview of the ongoing research at DSR and
progress made during 2007-08. Action Taken
Report (ATR) on the recommendations of VIII
RAC meeting held on 25 July, 2007 was
presented by Dr. H. S. Talwar, member secretaryRAC.
Main topics for discussion were: (i)
proposed research agenda for the XI plan period,
(ii) ongoing research at DSR, (iii) progress in
research on some selected themes (identified as
priority areas by the last RAC for regular
monitoring), (iv) issues related to applications of
research results (implementing IPR and
commercialization; extension and market
related issues) and (v) monitoring output and
impact (impact of technology developed by
AICSIP & DSR, publications, training and
entrepreneurship development). The major

recommendations are as follows:
A. General recommendations
1. The maintaining of some continuity in reviewing
by different RACs is important. Therefore,
proceedings of all the previous RAC meetings
should be brought to the notice of the current
RAC.
2. Members recommended that RAC meeting
should be conducted over two days.
3. Greater efforts should be made to add the new
and useful germplasm from other countries. This
should be done regularly in consultation with
other collaborative scientists to keep a pace with
the competiting entities.
B. Research
1. The role of agronomists in the current day crop
improvement research needs to be redefined. A
brainstorming session should be organized
between different ICAR units along with those
relevant from other divisions and best agronomy
should be worked out for each crop.
2. Forage research team of DSR should regularly
participate in AICRP-forage crops meeting. Small
group meeting should be organized to review
the forage programme during next AICSIP
meeting. 3.A systematic study to find out the
reasons for decrease in the production area of

Dr. SN Shukla, ADG (FFC) making a point during the RAC meeting chaired by
Dr. S Raghuvardhan Reddy, Ex-VC, ANGRAU
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kharif sorghum may be outsourced to specific
SAUs like UAS, Dharwad. Three reasons were
mentioned for this included susceptibility to
shoot fly and grain mold attack and; presence of
inferior grain quality traits.

9. Drs SN Shukla and HP Singh suggested to
organize a brainstorming session between
different ICAR units including those relevant
from other divisions and best agnominal
practices should be worked out for each crop in
cropping system.

4. Task forces coordinators were advised to
includes the past work in their presentation and
explain how new approaches used will help to
overcome past failures.

10.Dr SN Shukla congratulated the entire DSR team
for focused presentations by each task force.
However, it was suggested that all the
presentations should have contained current
status and accomplishments during past years
(say a decade). Each task force should point on
the constraint and solutions to tackle these
constraints. Always, we should keep in our mind
the end-users (farmers).The information
generated should be updated to them through
appropriate agencies. Statement on the
development or upgradation of technology
should be made.

5. There is a need to shuffle the themes under task
forces. Task Force 1 on genetic resources should
have all pre-breeding work including wide
hybridization. Seed science research should have
separate task force. Another task force should be
formed to enhance the production and
productivity. This should also include FLD,
commercialization, licensing, and
entrepreneurship and IPR issues. Extension and
socioeconomics group should also be included in
this task force.

11.Efforts should be made to add the new and
useful germplasm from other countries. This
should be done regularly in consultation with
other collaborative scientists to keep in pace
with the competitive world.

6. The laboratory facilities for quality trait analysis
should be further strengthened at DSR and at
selected 1-2 AICSIP centers, even human
resources may be also redeployed if required.

12.Forage group should participate in the AICRPforage crops meetings. DSR should collaborate
with other universities in addition to IGFRI. A
new center under AICSIP like Meerut can also be
included.

7. Dr HP Singh remarked that tremendous progress
is made in the sorghum improvement
programme at DSR particularly in dual-purpose
and sweet-sorghum programs which attract
private players also. Need for sorghum-based
product development is stressed to increase the
demand for sorghum. There is a need to adopt
and practice the concept of “nutritious cereal”.
Efforts made in the sorghum improvement
programme in forage and sweet sorghum were
appreciated. He remarked that sorghum is the
best source of fodder throughout the country.
The quality of good livestock is increasing in
dryland areas, but quality of fodder is not
catching up.

13.Regarding development of microbial consortium
to control diseases, efforts should be made for
commercialization of technology. Useful
microorganisms may be registered with NBAIM
at Mau.
14.Chairman, Dr Raguvardhan Reddy congratulated
the task-force coordinators for making precise
and well-prepared presentations. He endorsed
the above comments made by other RAC
members. He suggested to carry out a systematic
study to find out the reasons for decrease in area
under sorghum cultivation. Three reasons were
mentioned for this fall: incidence of shoot fly,
grain mold attack and inferior quality of the
improved materials. Farmers are reluctant to
take up sorghum crop during kharif because of
these problems. So there is a need to improve for
these three constraints. Scientists were advised

8. Further, Dr HP Singh appreciated the
collaborative efforts between CRIDA and DSR
particularly in transgenic work for drought
tolerance in sorghum; same should be extended
to crop management research. He was of the
view that there is no need to appoint new
agronomists at DSR. He suggested collaboration
in agronomy research with CRIDA.
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to register the parental lines before these are
commercialized.

research should have separate task force.
Another task force should be formed to enhance
the production and productivity. This should also
include FLD, commercialization, licensing, and
entrepreneurship and IPR issues. Extension and
socioeconomics group should also be included in
this task force.

15.Director appreciated the suggestions made by
the RAC members and agreed that improvement
for shoot fly resistance, grain mold resistance
and quality traits are the major challenges.
Director was optimistic for increase in demand
for feed grain and industrial uses, so these will
also be researched.

3. The laboratory facilities for analyses of quality
trait should be further developed at DSR and at
selected 1-2 AICSIP centers, even human
resources may be also redeployed if required.

General suggestions and recommendations made
by RAC members

4. PI of forage group of Sorghum at DSR, should be
also PI in AICRP-forage crops for sorghum to
control the whole national programme under
this crop. Small group meeting should be
organized to discuss the programme during next
AICSIP meeting.

1. Entrepreneur development should be taken up
in a big way. There is a need for processing of
sorghum based products to make this crop
attractive to farmers for cultivation.
2. There is a need to shuffle the themes under task
forces. For example task-force 1 on genetic
resources should have all pre-breeding work
including wide hybridization. Seed science

5. MoUs and exporting of the material should have
clearance from IPR and the Biodiversity
Authority of India.

A book entitled “A decade of front-line demonstrations on Sorghum : Results
and Impact (1996-97 to 2006-07)” being released during RAC meeting
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Participation of scientists in
conferences, symposia, seminars
and meetings

S.
No

Name of the official

Participated in

Type Venue

1

N Seetharama

Interactive meet with a panel on
“CGIAR’s future role and responsibilities” M

2

SS Rao & B Dayakar Rao NAIP consortia review meeting

3

N Seetharama

Meeting on “Future programme on
research & development in
sorghum crop”

4

Date

ICRISAT, Patancheru

8 Apr, 08

M

ICRISAT Patancheru

9 Apr, 08

M

ICRISAT Patancheru

21 Apr, 08

N Seetharama

Panel meeting on “Drafting NAIP
M
Projects” and served as a resource person.

NAARM Hyderabad

28-29 Apr, 08

5

N Seetharama,
SS Rao & AV Umakanth

Participation in discussion on Sweet
Sorghum sponsored by IFAD

M

ICRISAT, Hyderabad

30 Apr 1 May, 08.

6

N Seetharama &
M Elangovan

Workshop on review of repatriation of
Sorghum, Pearl Millet, Ground nut,
Chickpea, Pigeonpea and small millets
germplasm to ICAR from ICRISAT
gene bank

W

NBPGR Regional
Station, Hyderabad

14 May 08

7

N Seetharama,
TG Nageshwar Rao,
KBRS Visarada &
B Venkatesh Bhat

Seminar on “Gene Revolution in Indian
Agriculture” conducted
by ABLE Agri Bio.

S

ICRISAT, Patancheru

22 May 08.

8

N Seetharama
SV Rao,
CV Ratnavathi,
S Audilakshmi,
VR Bhagwat &
HS Gawali

National conference of Ministers of
agriculture and horticulture

C

NAARM, Hyderabad

26 May 08

9

VA Tonapi

Meeting of nodal officers for
registration of state released extant
varieties with PPVFRA

M

NBPGR, New Delhi

28 May 08

10

Vilas A Tonapi

Workshop on “ WTO and IPR “ and
delivered lecture on “IPR – vis-à-vis
Indian Agriculture”

W

MANAGE,
Hyderabad

10, Jun 08

11

N Seetharama &
KBRS Visarada

Regional consultation meeting on the
proposed National Biotechnology
Regulatory Authority (NBRA)

M

Kamat Lingapur
Hotel,
Secunderabad

12, Jun 08
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12

Chari Appaji

Regional committee meeting of
Regional station for forage production
and Demonstration (RSFPD).

M

CRIDA, Hyderabad

13

SS Rao

Southern regional workshop on
“Soil testing for soil health and crop
production” for state extension
functionaries of AP, TN and Kerala
organized by ICAR & ANGRAU

W

ANGRAU, Hyderabad 16 July, 08.

14

N Seetharama &
Vilas A Tonapi

Meeting on “Licensing of high value
low volume hybrids and parental
lines for commercial use”.

M

IIHR, Bangalore

29 July, 08

15

N Seetharama

SAU program review meeting
organized by DBT as an expert
committee member

M

DBT, New Delhi

04 Aug, 08

16

B Subbarayudu

Southern Telangana Zone –ZREAC (Rabi)
meeting organized by ANGRAU.

M

Nalgonda

21-22 Aug, 08

17

CV Ratnavathi &
B Venkatesh Bhat

One day workshop on “Basic Principles
and Practices of Good Laboratory
Practice” organized by National GLP
Compliance Monitoring Authority

W

NIN, Hyderabad

4 Sept, 08

18

P Mukesh

Two days workshop on “ICAR WEB “

W

NAARM, Hyderabad

9-10 Sept, 08

19

N Seetharama,
C Aruna,
B Venkatesh Bhat &
M Elangovan

National Group Meeting on Rabi Forages, M
organized by AICRP (Forage Crops)

ANGRAU, Hyderabad 12-14 Sept, 08

20

VA Tonapi &
HS Gawali

13th Annual general meeting of
Seedsmen Association

M

BM Birla Science
Centre, Hyderabad

21

N Seetharama

XIX meeting of Regional committee
No. II conducted by ICAR.

M

OUAT, Bhubaneswar. 26-27 Sept, 08

22

B Dayakar Rao

National Seminar on “Food security
through innovations in food processing
and entrepreneurship development”

S

Kerala Agriculture
University,
Vellanikkare, Trissur

29-30 Sept, 08

23

N Seetharama,
VA Tonapi &
M Elangovan

Meeting on Commercialization of
agriculture technologies

M

DRR, Hyderabad

29 Sept, 08

24

N Seetharama,
B Venkatesh Bhat &
HS Talwar

Review meeting of project on
“Biotechnological approach towards
forage crop improvement”
Sponsored by DBT

M

IGFRI, Jhansi

3 - 4 Oct, 08

25

B Dayakar Rao,
Ch Shashidhar Reddy &
E Krishna Rao

Farmers’ workshop on “Intensive rabi
cultivation for sorghum for end uses”.

W

MAU, Parbhani

5 - 7 Oct, 08

26

N Seetharama

18th EFC meeting on XI Plan

M

ICAR, New Delhi

13 -15 Oct, 08
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27

VA Tonapi &
M Elangovan

Projects selection committee meeting

M

DRR, Hyderabad

17-18 Oct, 08

28

Mahesh Kumar

Town Official Language
Implementation Committee Meeting

M

Rail Nilayam,
Secunderabad

31 Oct, 08

29

KJ Mathai

National Seminar on Hindi

S

CIFT, Cochin, Kerala

11-14 Nov,08

30

SS Rao & HS Talwar

Plant physiology congress

C

IARI, New Delhi

11-14 Nov,08

31

IK Das, N Kannababu &
K Hariprasanna

1st AP Science Congress 2008

S

Osmania University,
Hyderabad

14-16
Nov, 08

32

N Seetharama

Meeting called by the DDG (CS) to
review progress in varietal registration
with PVP&FR Authority

M

ICAR, New Delhi

24 Nov, 08

33

S Audilakshmi

Meeting of the Central sub-committee
M
on crop standards notification and release

New Delhi

26 Nov, 08

34

N Seetharama,
SS Rao & Monika Dalal

Indo-US conference on “Bio Process &
Bi-Products Technology Trends &
Opportunities”

Hotel Taj Krishna,
Hyderabad

27-28 Nov, 08

35

N Seetharama &
M Elangovan

“Protection of geographical indications
W
in India and the United States:
A Road-show for products of Natural,
Manufactured and Agricultural Products”
organized by United states patent and
trademark office and NRDC, New Delhi

Katriya De Royal
Hotel, Hyderabad

1 Dec. 08

36

SS Rao

National conference on “Biotechnological C
Approaches to Alternate Energy (BAAI)”

IIT Madras, Chennai

5-6 Dec, 08

37

N Seetharama,
B Venkatesh Bhat,
C Aruna, S Rakshit
R Madhusudha, &
Monika Dalal

DBT’s “Grand Challenge Programme”
meeting

M

DOR, Hyderabad

16-17 Dec, 08

38

VA Tonapi

National Seed Congress 2008

C

GKVK, Bangalore

22-23 Dec, 08

39

Vilas A Tonapi

Mega Seed Project Review meeting

M

NASC complex,
New Delhi

5-6 Jan, 09

40

N Seetharama,
N Kannababu &
M Elangovan

Meeting of PPV&FRA

M

SKDUA&T, Sardar
8-9 Jan, 09
Krishinagar, Gujarat

41

N Seetharama

Direcors conference

C

ICAR, New Delhi

14 -16 Jan, 09

42

JS Mishra

National Seminar on “Rural India
developmental alternatives: Sectoral
convergence for livelihood security”

S

CIRG, Mathura

15 -19 Jan, 09

43

N Seetharama,
KBRS Visarada, SV Rao
& D Balakrishna

Workshop for DBT nominees and IBSC
members for strengthening regulatory
compliances by IBSCs, organized by
DBT & BCIL.

W

Hotel Kamath
Lingapur,
Hyderabad

24 Jan, 09
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44

N Seetharama

National symposium on “Vegetable

S

DOR, Hyderabad

Dr. Prem Warrier, Sr. programme officer, Bill & Melinda Gates
Foundation, USA being explained the health benefits of sorghum foods
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Field Days and Meetings organized

Field Days

Meetings

“Kisan Ghosti” of NAIP project and field day : A
workshop on ”Farmers for intensive Kharif
sorghum cultivation” was organized jointly with
ITC Ltd at Indravelly hub, Adilabad district of AP
on 13 June, 08. It was attended by 250 farmers,
and they were aptly briefed by the speakers from
ITC Ltd, DSR, and State Department of
Agriculture officials.

Seed industry - Researchers meet : DSR (ICAR)
organized a “Seed Industry and Researchers’
Meet and the Sorghum Field day” on 22
September 2008. Representatives from 30 public
and private seed enterprises participated along
with scientists from DSR.
Review meeting of DBT- network project: The VI
review meeting on the DBT network project
entitled “Development and application of
biotechnological tools for millet improvement”
was held at DSR, Hyderabad on 17th May 2008
under the chairmanship of Dr. RP Sharma, exdirector, NRCPB, New Delhi. The other members
present were: Dr KK Narayanan, Dr Ramesh
Agrawal, Dr CT Hash, Dr RR Sinha (Advisor, DBT)
and N Seetharama (network coordinator and
member secretary). Twelve subprojects of the
network including three from DSR were
reviewed.

Sorghum field day for AICSIP researchers: The
“Sorghum field day and review meeting” was
conducted at DSR on 18 September 2008, with a
view to discuss and review various sub-projects. A
total of 35 participants from AICSIP centres,
SAUs, ICRISAT, and DSR participated.
Sorghum field days organized at Bundelkhand
region: The “Jowar prakshethra diwas” was
organized at Jaulon village on the 16 Oct, 08 and
at Barari village and at Jaman village in Jhansi on
17 October, 08. More than 400 participants
participated in the above programmes.

World Bank review on NAIP sub-project : The World
Bank team reviewed progress of the NAIP subproject entitled “Creation of demand for millet
food through PCS value chain” on June 5, 2008 at
DSR, Hyderabad. Dr. Grahame Dixie, and Dr.
Mohinder S. Mudahar, (World Bank), Drs. JP
Mittal, and N T Yaduraju, NAIP, New Delhi DSR
scientists, and partners from ITC Ltd, NIN and
ANGRAU participated in the meeting.

Farmers’ field days organized at Adilabad: DSR and
ITC Ltd. Adilabad jointly organized a “Farmers’
field day” at Mannur village, Adilabad District on
18 October 2008 under NAIP sub-project
“Creation of demand for millet foods through
PCS value chain”. One hundred farmers
attended the field day and provided the
feedback on their experiences on cultivation of
kharif sorghum CSH 16.

Public-Private Partnership meeting: The meeting
between DSR and Excel Crop Care was organized
to review the outcome of DSR-Excel
collaborative research activity of 2007 and to
discuss the future plan for 2008 on 09 June, 2008.

Rabi sorghum field-day organized at Akkalkot: The
rabi sorghum field-day was organized on
February 3, 2009 by DSR at Akkalkot, Solapur
district in association with Sri Swami Samarthak
Gandul Khet Utpadak cooperative society,
Akkolkot and the State department of
agriculture, Solapur district. It was attended by
275 participants including farmers, officials from
ZARC and KVK.

Rabi sorghum in-house review held at CRS, Solapur:
The sixth annual rabi sorghum was held on 26
July, 2008 at the Centre on Rabi Sorghum (DSR),
Solapur. The meeting was organized to review
and discuss rabi sorghum research activities at
various AICSIP centres and DSR in all the
disciplines.
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S.
Name
No.

Affiliation

Date

1

Magno analytics, California, USA

10 Apr, 08

Mr. Bharat Gajula

2

Mr. B Reddy

Nandi Seeds corporation, Hyderabad

10 Apr, 08

3

Dr. Gousrishankar

Ventura Crop Sciences, Hyderabad

18 Apr, 08

4

Dr. Vittal Donakonda &
Mr. Avadesh Tiwari

Indian School of Business, Hyderabad

22 Apr, 08

5

Mr. MR Reddy & Deepak Jain

Reliance Industries, Mumbai

27 June, 08

6

Mr. CC Reddy & C Sanjay Reddy

Syngen Biofuels Pvt Ltd, Hyderabad

27 June, 08

7

Mr. TD Prasad

Director, VST, Hyderabad

30 July, 08

8

Mr. G Bharadwaja

Ex-Director, Nizam Sugars, Hyderabad

30 July, 08

9

Dr. PL Gautam

DDG (CS), ICAR, New Delhi

02 Aug, 08

10

Mr. V Raghuram &
K Suresh Babu Naidu

National Research Development
Corporation, Bangalore

06 Aug, 08

11

Dr. SN Shukla

ADG (FFC), ICAR, New Delhi

29 Aug, 08

12

Dr. KV Anantha Padmanabha

Cranes Software International , Bangalore

5 Sept, 08

13

Dr. P Shankar Reddy

Crosbyton Seeds Company, Texas, USA

10 Sept, 08

14

Mr. KV Seshu Reddy & AV Rao

MAHYCO seeds, Hyderabad

12 Sept, 09

15

Dr. Gopal Narayan Gharde

Devgan Seeds, Hyderabad

12 Sept, 08

16

Dr. AK Garg

Sr. Manager, National Dairy
Development Board (NDDB), New Delhi

15 Sept, 08

17

Dr. S Nagarajan

Chairman, PPV & FRA, New Delhi

25 Sept, 08

18

Mr. G Ram Mohan

Arrow Point technologies, Chennai

3 Oct, 08

19

Mr. Scots Gibson & Dr. Prabhakar Babu,

Advanta India Ltd, Hyderabad

8 Oct, 08

20

Dr. Jeffrey Ried & Mr. Yelima Kebede

Bill & Milinda Gates Foundation,
Seattle, USA

31 Oct, 08

21

Mr. Anant Pande

Indo-Green Fuel Consultants (P) Ltd.
New Delhi

15 Nov, 08

22

Dr.Ajay Sanghvi

CF Bio tech Ltd. Mumbai

7 Jan, 09

23

Drs. Dharmaraj & David James

Chlorophyll Pvt Ltd, Chennai

19 Jan, 09

24

Dr. SP Tiwari

DDG (CS & Edn), ICAR, New Delhi

28 Jan, 09

25

Dr. Michael Larinde

AGPS- Division, FAO, Rome, Italy

8 Feb, 09

26

Dr. Lim Siow Jin,

DxN Hldings, Berhad, Malaysia

17 Feb, 09

27

Dr. PL Sunil Kumar

Director, Daesan Trading, Dubai, UAE

17 Feb, 09

28

Dr. Donald R Reinalda

Shell Global Services, New Delhi

20 Feb, 09

29

Dr. Amit Walia

Broman, R&D, New Delhi

20 Feb, 09

81

Directorate of Sorghum Research - Annual Report 08-09

Visit of Entrepreneurs

technologies on sorghum and licensing and
commercialization. Issues relating to IPR
protection, training components, including the
mechanism to evolve contracts with the
industries were also discussed.

M/s Reliance Industries, Mumbai: Mr. M R
Reddy, Vice President, and Mr. Deepak Jain,
General Manager, M/s Reliance Industries,
Mumbai visited DSR on 27 June 2008 to discuss
joint work on sweet sorghum in their project
areas. In continuation of their earlier dialogue,
Reliance Industries has agreed to enter into an
MoU with DSR on sweet sorghum contract
research. The areas of research include sweet
sorghum adaptation studies in different
seasons, genetic improvement for high sugar
content to suit to the North Indian
environments.

MAHYCO seeds: Drs KV Seshu Reddy (Research
Head), GK Ramagowde, and AV Rao, (scientists)
from MAHYCO seeds, Hyderabad and Dr. Gopal
Narayan Gharde, Breeder form Devgen seeds,
Secunderabad visited Bt sorghum transgenics in
advanced generation developed to control
stem borer at DSR.
Arrow-point technologies (P). Ltd,: Ram Mohan
G, Project Manager, Arrow-point technologies
Pvt. Ltd, Chennai visited on 3, October 08. 2008.
He sought the technology assistance from DSR
in the areas of sorghum grain for industrial
uses, forage sorghum and sweet sorghum for
biofuel production.

Syngen Biofuels: M/s Syngen Biofuels Pvt. Ltd.,
represented by Mr. C C Reddy, Chairman and C.
Sanjay Reddy, Director, along with Prof. B.
Sreemannarayana, Ex. Prof. of Soil Science
ANGRAU visited the DSR on 27th June 2008. The
company plans to produce bio-ethanol form
sweet sorghum in East Africa (Tanzania) and
sought the technical service of DSR on
feedstock production and improvement
research and consultancy. The team showed
interest to enter a Memorandum of Agreement
(MoA) with DSR for contract research and
consultancy service on bio-ethanol production
from sweet sorghum and including both shortterm and long-term bio-fuel research on sweet
sorghum. Further talks on this are in progress.

Advanta Ltd: Mr. Scots Gibson, Global Manager
(Biofuel) and Dr., Prabhakar Babu, Crop
Manager, Advanta Ltd., visited DSR on 21
October, 08 to exchange views on sorghum
R&D. In particular, they evinced keen interest in
growing sweet-sorghum to produce bioethanol. He was appraised about the new
developments in ICAR pertaining to
collaborative projects with private sector. He
expressed his keen interest to sign an MoU with
DSR for Scientific and technical support for R&D
on sweet sorghum

ITC Ltd: Biofuel entrepreneurs comprising Dr. T
D Prasada Rao, Ex. Head R & D, ITC Ltd &
Director VST, G Bharadwaja, Ex. General
Manager, Nizam sugars, AP, G Diwaker, Agribussiness expert and G Sudheer, Software
consultant (NRI-California based) visited DSR on
30 July 2008 on a mission to seek technical
advise and techno-economic feasibility of using
sweet sorghum feedstock for biofuel
production and cogeneration.

Millet food court – Restaurant : Mr.
Mallikarjuna Rao an entrepreneur from
Rajahmundry has visited DSR on 6 November
08. He was impressed by the telecast of our
program on sorghum foods and utility of roti
making machine in Doordarshan. He has plans
to open a “Millet food court” at Rajahmundry,
a town located in a costal district of AP, which is
currently in a non-traditional area for sorghum
consumption. According to him there is lot of
interest in sorghum among the middle and
upper class urban groups owing to its
nutritional values and to control diabetics. DSR
has extended full support for technical
guidance to establish the proposed millet food
court through the millet food popularization

NRDC, Bangalore: Shri V Raghuram, Regional
Manager and Dr. K Suresh Babu Naidu,
Consultant Business Development, National
Research Development Corporation, Bangalore
visited DSR on 06 August 08. They had a
detailed discussion with the Director and other
scientists on the issue of up-scaling the available
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project of DSR.

David James from M/s Chlorophyll Pvt. Ltd,
Bangalore, visited DSR on January 19, 2009 to
explore the possibilities of making eco-friendly
particle boards with sorghum stalks. The team
sought the technical support and consultancy
from DSR on crop development, production and
protection technologies.

Indo-Green Fuel Consultants (P) Ltd: Mr. Anant
Pande, Chief Operating Officer, Indo-Green
Fuel Consultants (P) Ltd, New Delhi visited DSR
on 15 November 08. He had a brief discussion
with the Director to promote sweet sorghum as
a bio-energy crop and large scale commercial
production.

Shell Global services : Dr. Donald R Reinalda,
Regional Manger (Innovations & Research),
Shell Global services and Dr. Amit Walia, Project
Leader, Broman R&D Asia-Pacific region visited
DSR to discuss possible collaboration on sweet
sorghum based projects.

M/s CF biotec (P) Ltd: M/s CF biotec (P) Ltd,
Mumbai, represented by Drs. Ajay Sanghvi and
Krishnan visited the DSR on January 7, 2009. The
company plans to produce bio-ethanol form
sweet sorghum integrating sugarcane in north
Karnataka (Belgaum) and south Gujarat and
sought the technical service of DSR on
feedstock production and improvement
research, techno-economic feasibility and
consultancy. The team showed interest to enter
a Memorandum of Agreement (MoA) with DSR
for contract research and consultancy service on
bio-ethanol production from sweet sorghum
and including both short-term and long-term
bio-fuel research on sweet sorghum. Further
talks on this are in progress.

International Entrepreneurs: Dr. Lim Siow Jin,
Chief executive officer, DxN Holdings, Berhad,
Kedah Darul Aman, Malaysia and Dr. PL Sunil
Kumar, Director, Daesan Trading, Dubai, UAE
along with colleagues visited DSR on February
17, 2009. The team was appraised on the
ongoing research on grain, sweet, forage and
dual- purpose sorghums. The team sought the
technology assistance from DSR in the areas of
sorghum grain for health food and industrial
uses and expressed their interest to make an
MOU with DSR for these products.

M/s Chlorophyll Pvt. Ltd: Drs. Dharmaraj and

FAO officials being briefed on sorghum improvement research
at DSR

Newly developed seed parents for making high-energy
sorghum examined by the visitors from Shell Global Services
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Personnel
Director & Project Coordinator: Dr. N. Seetharama

S. No.

Name

Designation

Discipline

Principal Scientist

Genetics & Cytogenetics

DSR, Hyderabad
1

Dr. SV Rao

2

Dr. S Audilakshmi

Principal Scientist

Plant Breeding

3

Dr. TG Nageshwara Rao

Principal Scientist

Plant Pathology

4

Shri A Ashok Reddy

Principal Scientist

Agri. Entomology

5

Dr. CV Ratnavathi

Principal Scientist

Biochemistry

6

Dr. Vilas A Tonapi

Principal Scientist

Seed Technology

7

Dr. SS Rao

Principal Scientist

Plant Physiology

8

Dr. KBRS Visarada

Principal Scientist

Genetics & Cytogenetics

9

Dr. G Shyam Prasad

Principal Scientist

Agri. Entomology

10

Dr. VR Bhagwat

Principal Scientist

Agri. Entomology

11

Dr. JS Misra

Principal Scientist

Agronomy

12

Dr. Sujay Rakshit

Principal Scientist

Plant Breeding

13

Dr. S Ravi Kumar

Senior Scientist

Agronomy

14

Dr. Ch Sashidhar Reddy

Senior Scientist

Agri. Extension

15

Dr. B Dayakar Rao

Senior Scientist

Agri. Economics

16

Dr. Aruna C Reddy

Senior Scientist

Plant Breeding

17

Dr. B Venkatesh Bhat

Senior Scientist

Genetics & Cytogenetics

18

Dr. HS Talwar

Senior Scientist

Plant Physiology

19

Dr. IK Das

Senior Scientist

Plant Pathology

20

Dr. N Kanna Babu

Senior Scientist

Seed Technology

21

Dr. R Madhusudhana

Senior Scientist

Plant Breeding

22

Dr. AV Umakanth

Senior Scientist

Plant Breeding

23

Dr. M Elangovan

Senior Scientist

Economic Botany

24

Dr. K Hariprasanna

Senior Scientist

Plant Breeding

25

Dr. Monika Dalal

Senior Scientist

Biochemistry

26

Dr. P Rajendra Kumar

Senior Scientist

Biotechnology

27

Dr. Rajendra Chapke

Senior Scientist

Agri. Extension

28

Dr. Kalaisekar

Senior Scientist

Agri. Entomology

29

Dr. B Subbarayudu

Scientist (Sr. Scale)

Agri. Entomology

30

Dr. PK Biswas

Scientist (Sr. Scale)

Plant Breeding

31

Shri D Balakrishna

Scientist (Sr. Scale)

Biotechnology

32

Dr. PG Padmaja

Scientist (Sr. Scale)

Agri. Entomology

Shri P Mukesh

Scientist

Computer Applications

Principal Scientist

Agronomy

33

CRS, Solapur
34

Dr. MS Raut

35

Dr. Ashok V Gadewar

Principal Scientist

Plant Pathology

36

Dr. Prabhakar

Principal Scientist

Genetics & Cytogenetics

37

Dr. Chari Appaji

Principal Scientist

Agri. Extension
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Senior Technical Staff
S.No

Name

Present Grade

1

Smt. AD Vishala

DSR, Hydereabad
T (7-8)

2

Shri GB Ramulu

T-6

3

Shri D Gopala krishna

T-6

4

Dr KV Raghavendra Rao

T-6

5

Smt. A Annapurna

T-6

6

Shri OV Ramana

T-6

7

Shri S Lalaiah

T-5

8

Shri B Pochaiah

T-5

9

Shri G Ramulu

T-5

10

Shri HS Gawali

T-5

11

Shri M Venkateswarlu

T-5

12

Shri M Jangaiah

T-5

13

Shri P Subhakar Rao

T-5

14

Shri TJ Balakrishnan

T-5

1

Shri Rameshwar Dayal

T-6

2

Shri Promod Kumar

T-6

3

Shri K Ravindra Babu

T-5

CRS Solapur

Senior Administrative staff
S.No

Name

Designation

1

Shri KJ Mathai

Admn. Officer

2

Shri. WS Srinivasa Bhat

Asst. Admn.Officer

3

Shri A Venkateshwar Rao

Asst. Admn.Officer

4

Shri. NVRN Murty

AF & AO

5

Shri. K Sanath Kumar

Private Secretary

Personnel Joined DSR
S. No.

Name

Designation

Joined on

1

Dr K Hariprasanna

Senior Scientist

26 Aug, 08

2

Dr Monika Dalal

Senior Scientist

08 Sep, 08

3

Dr P Rajendra Kumar

Senior Scientist

12 Sep, 08

4

Dr Rajendra R Chapke

Senior Scientist

06 Oct, 08

5

Dr JS Mishra

Principal Scientist

19 Nov, 08

6

Dr Sujay Rakshit

Principal Scientist

29 Nov, 08

7

Dr A Kalaisekar

Senior Scientist

11 Dec, 08
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Personnel promoted during 2008-09
S.No

Name
From

To

Scientific staff
1

Dr G Shyam Prasad*

Senior Scientist

Principal Scientist

2

Dr KBRS Visarada

Senior Scientist

Principal Scientist

3

Dr VR Bhagwat

Senior Scientist

Principal Scientist

Technical staff
1

Smt Vishala AD

T6

T (7-8)

2

Shri M Anjaiah

T2

T-I-3

3

Shri K Venkata Swamy

T2

T-I-3

4

Shri M Shankaraiah

T2

T-I-3

5

Shri R Prakash

T2

T-I-3

6

Shri P Sriramulu

T2

T-I-3

* Direct Selection

Personnel Superannuated
S. No.

Name

Designation

Retired on

1

Dr. Swarnalatha Kaul

Principal Scientist

28 Feb, 09

2

Shri. K Yadava Rao

T-5

30 June, 08

3

Smt. M Pochamma

SSG II

30 June, 08

4

Smt. J Venkatamma

SSG I

30 Aug, 08

5

Smt. C Devamma

SSG I

30 Aug, 08

Shri. Sharad Pawar, Union Minister for Agriculture,
presenting certificate of registration of extant
varieties to DSR scientists
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Events 2008-09
Biometric attendance system introduced: The DSR
has installed a fingerprint-based biometric
attendance marking system for all employees to
replace the traditional attendance register from
1 May 2008. In this biometric system, the
employee finger impressions are the benchmarks to mark attendance. The new system
would replace the hard bound registers currently
maintained for the purpose and provide
valuable data for Management Information
System.

being now implemented.
Dr. PL Gautam, DDG (CS) inaugurates “Jowar
Sabhagar”: Dr. PL Gautam, Deputy Director
General (Crop Sciences), ICAR, visited DSR on 2

Forage & Sweet sorghum trials at Kanpur and
linkage programme with IGFRI: DSR established
a formal engagement with Prof. VK Suri, Vicechancellor, Dr. RP Khatiar, Director of Research,
CS AUA&T, Kanpur and Dr. AK Singh, Zonal
Coordinator (TOT). They were apprised of the
possibilities to work on forages and sweet
sorghum under AICSIP system for
accommodating the needs of UP state. Further
there is much scope to work with the National
Sugar Institute (NSI), Kanpur to work on process
of sweet sorghum.

August 08. He had a brief discussion with the
scientific fraternity and reviewed the ongoing
activities. He also inaugurated the newly
constructed meeting hall entitled “Jowar
Sabhagar” on 2 August 08. Dr. DM Hegde,
Director DOR and Dr. BC Viraktamath, Director,
DRR also graced the occasion.

Large-scale distribution of national hybrids in
Madhya Pradesh: DSR is providing 150 tonnes of
certified seed of CSH 14 and CSH 16 for largescale planting in selected eight districts of MP, as
per the order placed by that state government.
The seeds were produced in Bellary (Karnataka)
by DSR and certified by Karnataka State seed
Certification Agency.

QRT Team of NBPGR visits DSR: A four-member QRT
team of NBPGR under the Chairmanship of Dr
Vaasal, visited DSR on 6 September 2008 to
review the sorghum genetic resources activities.
The discussion focused on the registration of
material with NBPGR, import of trait-specific
material from other countries, wild species &
wide hybridization, and sharing of facilities at
DSR and NBPGR.

National conference of Ministers of agriculture and
horticulture: ICAR organized a meeting of state
ministers to discuss production of oilseeds, pulses
and millets, especially in the context of climate
change on 26 May 2008 at NAARM, Hyderabad
under the chairmanship of Shri. Sharad Pawar,
Hon’ble Union Minister of Agriculture, Food,
Consumer Affairs & Public Distribution. During
the meeting, N Seetharama, Director, DSR made
a presentation on “Technical advances for
enhancing coarse cereals production” along
with Dr. KN Rai of ICRISAT. The
recommendations of the ministerial group are

Video Coverage of DSR activities : M/s Telemedia,
Hyderabad completed the video coverage of DSR
activities on 14 October 08 as a part of their
assignment with the ICAR to shoot one
documentary entitled “Drivers of Change"
encompassing recent developments on Indian
agriculture systems. Mr. Sridhar Dharmasanam,
executive manager, Telemedia with his crew
organised the video shooting.
One more video film was also shot on the aspects
covering package of practices for improved
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sorghum cultivation in the farmers’ field located
at Gajulaguda village, Shankarpally Mandal, R.R.
District on 13 October 2008. This coverage was
organized by ITC Ltd., under NAIP project. The
team captured the demonstration of dryer,
threshing and solarization practices in farmers’
field.

social welfare hostel premises, Wanaparthy,
Mahabubnagar district on the occasion of
Children’s day on 14 November, 2008. He
distributed food products made from sorghum
to 300 school children and staff of the social
welfare hostel. He stated that, grain and food
processing technologies should aim at providing
livelihood to small-scale entrepreneur, especially
to rural women.

World Food Day celebrated: The World food day
was celebrated at the institute on 16 October, 08.
The Director in his address briefed about the
significance of sorghum as a health food and the
research activities being carried out towards the
improvement of grain quality and digestibility.

DSR Foundation Day: On the special occasion of its
Birthday DSR on 17 November 08, a
brainstorming session on “Sorghum for food,
fodder, feed, fuel and more“was organized. The
task force leaders of DSR presented the progress
made under twelve themes during the last one
year. Former Directors of DSR Drs NGP Rao, R
Vidyabhushanam and BS Rana participated in
the deliberations. Dr. DM Hegde, Director. DOR,
Dr. KS Varaprasad, O I/c, NBPGR (RS), and Dr.
Bentur, Principal Scientist (Ent) DRR also graced
the occasion.

Popularization of nutritious sorghum among the
school children : The programme on
popularizing nutritional benefits of sorghum
foods among school children was launched by

Vigilance awareness week: DSR observed
“Vigilance awareness week “from 3 - 8
November, 08. This event commenced with an
oath taking ceremony on 3 November as per
Council’s guidelines. All staff took a pledge in the
national language to eradicate corruption in all
spheres of life and also to do duties without any
fear or favour.
Commercialization of sorghum technologies: DSR is
practicing licensing and commercialization of
new hybrids, varieties and novel technologies as
per ICAR guidelines on Intellectual property (IP)
protection and commercialization.

Dr. Chinna Reddy, Hon.’ble Minster for Rural
Development, Government of AP at District
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Corporation (NRDC).

MoA between DSR and Hi-Tech Power Gens

Interaction with private sector on Sorghum
transgenics: DSR invited 20 private seed
companies familiar with Bt technology to get
their assessment and suggestions on Bt
transgenics in advanced generation developed to
control stem borer. The seed industry researchers
Dr. Girish T Nikhade (GM) from Ankur seeds, Dr.
Mohan Ahirrao from Metahelix Life Sciences Pvt
Ltd; Dr. Pavan Kumar (Sr.Scientist), Dr. M Satya
Prasad (Head Biotechnology) and Dr. P
Basavaraju (Scientist) from Nuzividu seeds, Dr. AK
Jayalekha, (Breeder) from Bayer biosciences, Dr.
GK Garg, (Director R&D) from Krishidhan seeds
visited stable transgenics at the institute.

A Memorandum of Agreement (MoA) was signed
between DSR and Hi-Tech Power Gens,
Hyderabad for testing sweet sorghum varieties
and hybrids for efficiency in biogas production
through anaerobic digestion. Director N
Seetharama and Sh. KP Rajan, Consulting
Engineer for Hi-Tech Power Gens, signed the
agreement on 24 July, 08. DSR will provide the
seed material and scientific, intellectual inputs to
enable testing of sweet stalk sorghum genotypes.
MoA with Spectrum Renewable Energy (P) Ltd
The memorandum of agreement (MoA) was
signed between DSR and Spectrum Renewable

Seminars at DSR
Genetic strategy to control nitrification: Dr GV
Subbarao, senior researcher and group leader of
Biological Nitrification Inhibition research,
JIRCAS, Japan, delivered a seminar on December
8, 2008 at the NRC for Sorghum on the topic, “Is
there a genetic strategy to control nitrification
and nitrous oxide emissions from agricultural
systems? - Role of Biological Nitrification
Inhibition". He explained that BNI compound
release from sorghum roots is a physiologically
active process and is stimulated by the presence
of NH 4+. This release of BNI compounds increases
with growth stage. Dr Subbarao and his
colleagues had identified and purified an active
constituent called methyl (3-4 hydroxyphenyl)
propionate, which is the first compound purified
from the root exudates.

energy (P) Ltd, Hyderabad a private sector
organization for promoting the use of high
energy sweet sorghums. Director, DSR and
Chairman of of Spectrum Renewable Energy,
Mr. AV Mohan Rao signed the MoA in the
presence of KP Rajan, Hi-Tech power Gen.

Marker assisted breeding: Dr Minakshi Sundaram,
Scientist from Directorate of Rice Research,
Hyderabad delivered a lecture on “Marker
assisted breeding: A case study of Rice” at DSR on
December 20, 2008. The topic dealt with possible
schemes for MAS, and pyramiding largely
drawing from the experience on rice. A lively
discussion followed on the opportunities for ICAR
scientists at Hyderabad to excel in this area.

Commercialization:
The new varieties and
hybrids namely CSH23 (grain sorghum), CSH22SS
(sweet sorghum), CSH20MF and CSH24MF (multicut forage sorghum hybrids) were licensed on
non-exclusive basis to seed enterprises. The
novel technologies based on sweet sorghum for
electricity generation and biofuel production
was licensed for commercialization as per ICAR
guidelines on IP protection and commercialization. Commercialization of the multigrain
flour (where jowar is main component) which is
suitable for automatic roti making machine and
jowar flakes is facilitated through collaboration
with National Research Development

In addition, 24 in-house seminars were also
organized, where lectures were delivered by the
scientists and research students of DSR on various
topics encompassing major disciplines and
cutting edge areas.
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Sorghum stalls organized
S.
No

Occasion

Organized at

Date

Target Group

No. of
visitors

1

Conference NAARM
of ministers Hyderabad
of
agriculture
and
horticulture

26 May, Union minister of Agriculture,
100
08
Ministers of agriculture and
horticulture from various states,
Dignitaries from the ICAR other
others.

Display of New Sorghum
cultivars, food products
and other technologies

2

COWE
trade
carnival

People’s plaza,
Necklace road,
Hyderabad

4-7 Sept, Homemakers and Women
Entrepreneurs
08.

500

Popularization of
sorghum as health and
nutritious food.

3

Rice field
day

DRR, Hyderabad

25 Oct,
08

Farmers and other scientists
from public and private sector

700

Display of New Sorghum
cultivars and popularize
importance of sorghum
as health food and
other alternate uses.

4

Meeting of NASC Complex,
the SAARC New Delhi
Agricultural
ministers

3-5
Nov,08.

Dignitaries including the
100
Hon’ble Agricultural Ministers
and delegates from SAARC
countries from Bhutan,
Maldives, Bangladesh, Sri Lanka,
Pakistan, and Afghanistan

Display of New Sorghum
cultivars, food products
and other technologies

5

ICAR-Inter- RRC Grounds,
zonal
Secunderabad
Sports meet

17-20
Nov,08.

Sports personnel

Popularization of
sorghum as health and
nutritious food.

6

Regional
agricultural
fair

ANGRAU,
Hyderabad

19-23
Dec, 08

Farmers, scientists, agriculture
1500
officers, progressive farmers,
farm-women groups from NGOs

Display of New Sorghum
cultivars, food products
and other technologies

7

Kisan-Agri
show

Pune

17-21
Dec, 08

Farmers, scientists, agriculture
3000
officers, progressive farmers,
farm-women groups from NGOs

Display of New Sorghum
cultivars, food products
and other technologies

200

Farmers showing keen interest in the newly
developed hybrids of sorghum
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