Preface

he area under grain sorghum cultivation annually in our country has stabilized around 9

million hectares while the trend in area under forage sorghum is increasing. In the recent
years, the potential of sorghum as an important feed and biofuel crop, besides as a supplier
of raw materials for other industrial uses, is becoming clear. The potential of this low-input
demanding crop for such diverse uses is anticipated to bring significant benefits to the farmers
in the years to come. NRCS is aiming at facilitating realization of that potential through
collaborative research with SAUs and other partners. NRCS organizes multi-location testing
of sorghum technologies through the nation-wide network of All-India Coordinated Sorghum
Improvement Project (AICSIP) at 16 locations and many other voluntary centres. NRCS has
strong linkages with institutions within and outside ICAR to complement the national goal of
increasing efficiency and profitability of Indian agriculture, specifically that from dryland. The
symbiotic relationship with private players for tapping the use of sorghum for industrial
production is resulting in increased opportunities for collaboration that may enhance the
prospects and popularity of this crop.

During 2006-07, we have made rapid strides in product and technology development. New
parental lines for rabi sorghum hybrid production have been developed. Newly bred dual
purpose lines are promising with increased fodder yield and digestibility. Bt transgenics with
substantial resistance to stem borer are ready for field testing, and three other transgenics
are also in the offing. A single-cut forage variety CSV 21 SF developed at the Surat Centre of
AICSIP has been identified for notification at national level. Technology for profitable production
of rabi sorghum as an organic food is being developed. Improved cultivars of sorghum have
made inroads into non-traditional areas of Jharkhand and Jammu, in our efforts of popularizing
sorghum. We have received support for our initiative on research in apomixis from the National
Fund for Basic and Strategic Research. DNA marker-assisted breeding is a reality and includes
wide participation of different disciplines and AICSIP stations. We have organized multi-locational
DUS characterization of all released cultivars of sorghum and produced a manual.

The dimension of Industry-researcher interface to garner synergy for public-private partnership
for enhanced sorghum production, utilization and industrial uses has expanded multifold. We
have organized learning workshop on sorghum for health and business for entrepreneurial
development in which private entrepreneurs actively participated. The outcomes of such
fruitful partnerships are expected in the near future in terms of greater dissemination of
technology that benefits much more farmers and consumers alike, besides adding to overall
production and demand of sorghum.

We are grateful for the constant guidance and support provided by the exemplary leadership
of Dr. Mangala Rai, Director-General, ICAR and Secretary, DARE, and to Dr. Gautam Kalloo and



Dr. SP Tiwari, erstwhile Deputy Director-Generals (Crop Science) at the ICAR headquarters. We
express our gratitude 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. We place on record our gratitude for
the continued external funding support of AP-Netherlands Biotechnology Project, DBT and
ICAR networks for six research projects. We also appreciate the cooperation received from the
universities in implementing the nation-wide sorghum research network. ICRISAT, ILRI, DFID
and other many non-governmental and private organizations have been working with us very
closely; we thank them all.

The Research Advisory Committee headed by Dr. [V Subba Rao, Ex-VC, ANGRAU, Hyderabad
and the Institute Management Committee, must be thanked for the guidance during the year.
We have also had an opportunity for introspection and thinking for future during the QRT
review by the team headed by Dr. SN Puri, VC-CAU, Imphal. We thank the project leaders,
scientists, technical and supporting staff at NRCS, and the multidisciplinary teams of sorghum
scientists at AICSIP centres, voluntary centres and private participants from all over the country.
In the coming years we look forward for the continued support from all to spearhead the
mission of rendering profitable and sustainable sorghum production for contributing to the
growth of Indian agriculture. We welcome the comments and suggestions from the readers of
this report for improvement in future.

(N Seetharama)
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Executive Summary

1. Executive Summary

Genetic Enhancement

Genetic improvement for resistance to shootfly

e The experiment on combining ability of shoot fly resistant
sources under late sowing conditions showed that all the
hybrids based on the shoot fly resistant sources are highly
susceptible to shoot fly compared to the resistant parents.
The hybrids based on SFCR 1047 are less susceptible to shoot
fly compared to other sources showing that SFCR 1047 is the
best combiner among all for the traits studied. This confirmed
the results obtained during kharif 2005.

e The RIL population, 27B x IS 2122 which was evaluated for
shoot fly tolerance and associated traits, showed normal
distribution for the traits studied, i.e. glossiness, seedling
vigour, shoot fly deadhearts at 21 DAE (Days after emergence)
and 28 DAE.

e Three BC F derivatives of the cross 27B x IS 18551 under
the line improvement project, showed better level of tolerance
to shoot fly compared to the elite parent.

e Intherestorer line improvement programme, the hybrids based
on the restorer, R 307 were found to have longer panicles,
and the hybrids based on R 317, 315 and 325 had heavy
panicles and higher grain yield.

e Qut of the 496 progeny selections (F, and F,) from various
crosses evaluated for shoot fly tolerance, 13 selections were
found to be tolerant. They were on par with the resistant check
IS18551, and were even superior to other resistant check
IS2122 (one of the parents) for deadhearts (%), indicating
transgressive segregation.

Genetics of sugar content in sorghum stalk

Six families of 2 crosses i.e. 27 B x Kellar and 27 B x BJ 204 were
evaluated for various sweet sorghum traits and subjected to
generation mean analysis. The mean performance of families
showed that the F, in both crosses for high brix and sucrose content
in stalk was tending towards P, (higher sucrose content parent)
implying these traits to be dominant for higher content. However
the mean value of F for cane and juice yield showed over

dominance for the traits. The frequency distribution studies showed
that both brix and sucrose content are polygenic in nature.
Generation mean analysis showed predominant additive gene
action for traits, sucrose and brix, in stalk juice. However, for cane
and juice yield, dominance gene action and dominance x dominance
gene interaction were of higher magnitude in both the crosses.
Since the traits important for high sugar content are having
dominance and over-dominance inheritance, hybrid breeding will
be useful. Also, one of the parents with high sucrose content will
suffice in getting good high sugar and juice yield hybrid.

Conversion programme to develop new MS lines

To advance the male sterile lines from BC 1-4 generation, 120
pairs of A & B (male sterile and maintainer lines) for grain sorghum
and 32 pairs of MS lines were grown and superior lines were
advanced. About 110 pairs of MS lines germinated and were
advanced. Three MS lines, BX 106 (SPV 544 x GJ 36) x 422 B, BX
126 (27 B x 1S 19305) and BX 246 (422 B x IS 14375) x 463 B
were agronomically superior.

Evaluation of B lines for yield traits and sweet stalk

To catalogue the kharif B lines available at NRCS, 164B lines in
various generations along with 5 respective checks were evaluated
for agronomic performance and sweet stalk. A total of 62 MS lines
were significantly and numerically superior to 296 B for grain yield
respectively. The MS lines BX 351 (126 g/plant), BX 389 (95.6 g
/ plant), BX 446 (84.44 g / plant), BX 452, BX 406 (82 g /
plant), BX 319, 424, 447 (80 g / plant), recorded significant
superiority for grain yield over the check, 296 B (57.6 g / plant).
Fourteen MS lines were significantly superior for brix. BX 310 and
BX 317 showed 20 % brix as compared to 8.9% of 296 B. Four
MS lines were significantly superior for green fodder/plant to that
of check, 296 B.

Rabi sorghum improvement for yield and quality

The rabi sorghum improvement programme is still the based on
non-heterotic Indian durra germplasm. Since, germplasm used in
kharif (zera zera, feterata, hegari) have better heterotic response
than Indian durrain parental line development; a new programme



was initiated using exotic and indigenous germplasm to create
diversity.

In order to develop new parental lines with diversity and broaden
the genetic base in rabi materials, 161 indigenous and 159 exotic
lines were used for identifying B and R gene reactions on A,
cytoplasm. The sterility and fertility reactions were scored in the
pairs made using CMS 104A. Out of 525 pairs (174 using exotic
and 351 using indigenous lines), 204 pairs showed clear sterility
(B gene) and 175 pairs exhibited fertile reaction(R gene). Thus,
new B and R lines with diverse genetic base were derived in the
study.

Besides identifying B and R gene reactions on the available CMS
lines, crosses have been made among popular landraces and also
with exotic lines to generate new breeding material with diversity
and efforts are on to incorporate the rabi adaptation traits.

Development of parental lines

B line improvement: Evaluation of 24 B lines indicated that 10 B
lines flowered earlier than M35-1. Six B lines gave significantly
superior grain yield than check. The selected lines SLB-1, 6, 9,
11, 19 and 20 gave -12.9 to 63.3% more yield than the check
1048.

R line improvement: Out of 36 R lines tested, 13 R lines flowered
earlier than M35-1. Seven R lines gave significantly superior grain
yield than check. The selected lines SLR-17, 24, 25,35,41,43 and
46 gave 8.7 to 46.9% more yield than the check RS-585.

Plant Protection

Bio-suppression of charcoal rot in sorghum

Management of charcoal rot in sorghum using host plant resistance
has its own limitations because the resistance is highly influenced
by several host factors. Direct protection of roots from infection
of pathogen by microbial inoculants has been tried and
encouraging results have been obtained under limited field
experiments. It was observed that bacterial bioagents from
sorghum rhizosphere when applied through seed treatment
established in the sorghum roots and reduced charcoal rot infection
by 40% over untreated control in high yielding charcoal rot
susceptible cultivar CSV 8R.

Variations in nitrate utilizing capabilities in Macrophomina
phaseolina causing charcoal rot in sorghum

High degrees of variations have been recorded in nitrate utilizing
capabilities in M phaseolina that causes charcoal rot in sorghum.
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More than 65% of the Indian isolates from infected sorghum stalk
were found inefficient in utilizing nitrate as sole source of carbon
and were resistant to potassium chlorate. Rests of the isolates
were efficient in nitrate utilization and were chlorate sensitive.
Charcoal rot severity varied considerably among chlorate sensitive
and resistant isolates. It was suggested that aggressiveness of
M phaseolina might have relation with its ability to utilize various
nitrogen sources in plants.

Cultivar Development

NRCS cultivars performing better in multi-locational testing
under AICSIP

SPH 1467: It is a tall (226 cm) and high yielding kharif hybrid. It
has 3024 kg of grain and 128 q/ha fodder yields in AHT in Zone
Ill. It exhibited 6.3% and 14.6% higher grain and fodder yields
over CSH 16 but is on par with CSH18 in stover yield. It has higher
tolerance to shoot fly (SFDH 51%) compared to (60% SFDH) in
(CSH 16 hybrid.

SPV 1696: This kharif variety is in the second year of advance
testing in Zone I. It yielded 3609 kg grain and 93 g/ha fodder
which were higher then the check variety CSV 15. It is medium tall
(172 cm) and 4 days early maturing (57 days) than CSV 15 variety.
The tolerance to grain mold is on par with CSV 15.

Hybrids based on new male sterile lines

To identify superior hybrid for grain yield, 23 hybrids based on
new MS lines along with two checks were evaluated for grain yield
and associated traits in RCBD. One hybrid, 219 A x R 427 (7151
kg /ha) recorded significant superiority for grain yield over the
check, CSH 21(5554 kg/ha). Other hybrids, 279 Ax R 456, 219
AxR 437,279 Ax C43 recorded 23, 20 and 16% increase over
that of the check hybrid, CSH 21. In another hybrid trial with 25
hybrids, two hybrids, 463A x R456 and 463A x R458 recorded
significantly higher yields compared to the check, CSH 21.

Breeding dual purpose sorghum

Evaluation of F.'s of drought tolerant sources/ Brown midrib lines:
(CSV 13 x B 35)-7-3 continued to be the top yielder in both F4
and F5 generations and was superior to CSV 15 by 20% for grain
yield and 61% for dry fodder yield. The next best F_ for grain and
fodder yields was (CSV 15 x SPV 1474)-5-5-1 which was superior
to CSV 15 by 19% for grain yield and 96% for dry fodder yield.
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Biotechnology and crop utilization

Resistance of Bt transgenics to stemborer : Bioassays in T,
generation plants of four transgenic events in 296B genotype
transformed with (7y75 showed that 3 plants from event BB39C
and one plant from event BB46 showed tolerance to C partellus
neonates, while the remaining transgenics were susceptible. Results
from bioassay and ELISA indicated that in T, generation of (ry7Ac
plants though Cry1Ac protein is present, is expressing in low
quantities.

Transgenics for grain quality : 74x7 gene from Aegelops speltoides
was used for transformation to produce glutenin protein in the
endosperm. Two putative transgenics were produced and were
tested by fil drying technique and PAGE and observed to have
1AX1 equivalent band protein to the extent of 8% expression ability
compared to wheat.

Molecular characterization of sorghum Bt transgenics: PCR
confirmed the inheritance of (ry7Bin T, and T, generations of
transgenics developed from genotypes 296B and (S3541.
Southern analysis in few of these plants confirmed transgener
integration into the host genome. In another study, Forty-seven
plants of the 82 T, plants with (ry78 gene indicated the presence
of transgene in southern analysis.

Seven more transgenic plants with Bt gene, (ry7Aa, were produced
in the genotype 296B. The technique of non-radioactive Southern
blotting in transgenic sorghum samples carrying Bt genes was
standardized. The integration of the transgene in 3 more events
was confirmed. Bt Cry1B protein expression in leaf tissues was
confirmed in 12 transgenic events by Western blotting.

Mapping QTL for sorghum foliar diseases: To identify genomic
regions associated with reaction to foliar diseases, 350 RILs of
296B x 151855 1were evaluated in 3 replications for foliar diseases
at Udaipur AICSIP station. Two QTL for anthracnose and 1 QTL for
leaf blight were identified.

Food safety and alternate uses of sorghum

Shelf life of unprocessed products of jowar rawa: Experimentally
it was observed that the coarse rawa can have good shelf life up
to 45 days (6 weeks). The medium and fine rawa had shelf life of
30 days when tightly packed in polythene bags. These rawa have
a shelf life of a week when kept open in polythene bags without
sealing. The hybrid SPH 1449 followed by CSV 14R and Parbhani
lyothi were good for fine rawa production.
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Mycotoxin analysis in sorghum grain samples

Fumonisin contamination: A total of 346 samples were scanned
for fumonisin through ELISA. 50.3 percent of the samples were
free from toxin and the toxin production in the remaining samples
ranged from 0.10 to 344.9 ppb. Only 3 samples showed fumonisin
above the safety limit (200 ppb fumonisin).

Aflatoxin contamination: A total of 324 samples were analyzed
for aflatoxin B1 through ELISA. 32.71% samples were found to
be completely free of toxin and toxin was present at very low
concentrations. However, only one sample recorded high aflatoxin
content (129.4ug/kg) above the safety limit (20 pg/kg as per
CODEX committee). The samples from feed units were free from
Aflatoxin B1.

Correlation between grain mould and toxin contamination: A set
of 22 field samples with varied intensity of mould incidence were
collected and evaluated for grain mould score and mycotoxin
(aflatoxin and fumonisin) content. It was found that aflatoxins were
positively correlated with mould score while fumonisins were not
correlated.

Sweet sorghum -Reduction in stalk yield and quality under
staggered planting in rabi season

Sweet sorghum adaptation, phenology, and fresh stalk yield
potential and quality of juice are studied under staggered planting
in rabi using four sweet sorghum cultivars. In general, as sowing
date increased from November to January, both days to flowering
and maturity advanced. RSSV 9 was the earliest in days to flowering
and stable across the sowing dates. Lowest mean plant height
was recorded when crop was sown on Dec. 31st than other dates.

There was 26 and 36% reduction in fresh stalk yield in Dec.14th
and Dec.31st sown crop respectively, over Nov. 25th crop. On the
other hand, the fresh stalk yield of Jan. 15th sown crop had
significantly increased by 29 % over preceding Dec. 31st crop but
it was on par with Nov. 9th and 25th sown crops. Mean cultivar
fresh stalk yields across sowing dates ranged from17.1 to 25.1 t
ha-1. SSV 84 (mean: 17.1 t ha-1) recorded significantly lowest
fresh stalk yield than rest. Cultivar SSV 84 recorded lowest fresh
stalk yield (range: 14.8-21.2 t ha-1) across sowing dates.

Crop production and marketing

Production technology for rabi sorghum-based systems

Response of rabi sorghum to Moisture Conservation Practices
and Integrated Nutrient Management (INM) : Straw mulch resulted
in highest grain yield (2185 kg per ha) of rabi sorghum



cv. M 35-1 compared to no mulch (1878 kg per ha). One additional
hoeing at 7th week was next best producing 9 percent more grain
yield (2073 kg/ha).Effect of organic manure and INM was not
significant, however, vermicompost revealed maximum grain yield
(2220 kg/ha) followed by INM of 75% RDF + FYM @ 3 t/ha (2103
kg/ha) compared to 100% RDF (60 kg N + 30 kg P205 per ha)
(2020 kg/ha).

Evaluation of promising rabi sorghum genotypes for their yield
potential in rainfed environment (Shallow soil): Promising new
genotypes viz SPV-1626, SPV-1672, SPV 1588 and SPV 1591
were compared with CSV-14R, Phule Maulee and M 35-1. SPV
1626 produced highest grain yield (2116 kg/ha) followed by SPV-
1591 (2098 kg/ha), Phule Maulee (2093 kg/ha) and SPV-1672
(1956 kg/ha) which were on par with M 35-1 (1894 kg/ha). Stover
yield was maximum with SPV 1588 (6944 kg/ha) followed by SPV-
1626 (6357 kg/ha), CSV-14R (6172), Phule Maulee (5987 kg/
ha) SPV 1591(5956 kg/ha), M 35-1 (5678 kg/ha) and SPV-1672
(5061 kg/ha).

Rabi sorghum based cropping system- intercropping with Safflower
and Chickpea: Rabi sorghum (CSV 14R) was intercropped with
Safflower and Chickpea in 2:1, 6:3 and 12:3 rows proportions.
Among sole crops, the safflower produced maximum seed yield
(1239 kg/ha) followed by sorghum (690 kg/ha) and chick pea
(909 kg/ha). Yields of sorghum decreased by 29-91percent in
intercropping with safflower and 7-33.5 percent in intercropping
with chickpea compared to sole sorghum (1239 kg/ha). Yields of
intercropped safflower and chick pea were lower by 36.4 and 47.5
percent, respectively compared to their sole crops (1823 and
690 kg/ha). The maximum LER was recorded with Sorghum +
Chickpea in 6:3 ratio (1.486) followed by Sorghum + Chickpea in
12:3 ratio (1.320).

Studies on effect of tillage and organic manure on rabi sorghum:
Yields and growth of rabi sorghum is M35-1 were not influenced
significantly due to tillage treatments. However Deep ploughing
increased grain yield by 9.8 percent and stover yield by 5.1 percent
compared to Shallow tillage. Effect of various organic manures
viz. green manuring of Sunhemp and Dhaincha and Glyricidia on
plant height, grain and stover yields was not significant compared
to no organic manure (Fallow - rabi sorghum). However,
incorporation of glyricidia @ 3t/ha resulted in maximum grain
yield (1817 kg/ha) followed by green manuring of Dhaincha (1724
kg/ha) and Fallow - rabi sorghum (1703 kg/ha). Green manuring
of Dhaincha revealed maximum stover yield (4325 kg/ha. Green
manuring of Sunhemp however registered lower grain yield (1658
kg/ha) and stover yield (3782 kg/ha).
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Efforts in popularizing sorghum

Iharkhand: The Centre had organized demonstrations in the Central
and northern parts of Jharkhand state during the year 2005-06
in association with Ramkrishna Mission Ashram, Krishi Vigyan
Kendra, Ranchi and Birsa Agricultural University, Ranchi to
demonstrate the production potential of the improved cultivars
of sorghum.

Jammu: Sorghum is cultivated in the plains region of Jammu,
covering the districts of Jammu, Khateoa, Rajori, Udampur and
Poonch, The total cropped area in these 5 distircts about 5.42
lakh ha of which sorghum occupies an area of over 0.4 lakh ha.
The demonstration for introducing the dual purpose variety SPV
1616 were organized in 4 villages Viz. Badgal, Katal batal,
Mahargpur and Ramloo of block Akhnoor, Jammu and Sambha
blocks of Jammu district involving 6 farmers during the kharif
season 2006.

Introduction of new dual purpose sorghum cultivar in Andhra
Pradesh: New cultivar SPV 1616, was introduced to farmers in
Rangareddy, Mahoobnagar, and Khammam districts covering an
area of 15 ha. The improved cultivar has shown an increase of
108% grain yield over local in Rangareddy District. Data revelaed
that improved cultivar SPV 1616 may lead to an increase of grain
yield to an extent of 56% in case of Rangareddy district, 38% in
Mahaboobnagar district and about 70% in case of Khammam
district.

Front Line demonstrations

Total area covered under the demonstrations during Rabi 2005-
06 was 195.1ha. During the rabi season the all India average
grain and fodder yields recorded with the improved varieties was
959 kg/ha grain and that of the fodder yields was 29.69 g/ha.
The local cultivars recorded the average grain and fodder yields
of 582.17 kg and 24.44 g/ha fodder respectively. The percentage
increase of grain and fodder yields if the improved cultivars are
adopted by the farmers would be 39.3% grain and 17% fodder
respectively.

An over all increase of 47 % in the grain yield was possible to be
obtained were the improved cultivars are cultivated in the
Marathawada region. While in Western Maharashtra there will be
an overall increase of 33% in grain yield and 11% increase in the
fodder yields. In Andhra Pradesh there was an overall increase of
36% in grain yield and about 24% in fodder yield respectively if
this cultivar is adopted by the farmers on large scale.



Introduction

2. Introduction

The National Research Centre for Sorghum (NRCS) was established
in 1987 to strengthen the basic and strategic research activities
related to sorghum productivity enhancement, sustainability of
production, product utilization, and profitability in India. NRCS is
situated over an area of 70 acres juxtaposed to the Acharya N.G.
Ranga Agricultural University, Rajendranagar, Hyderabad. A
regional rabi sorghum research centre of NRCS 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.

NRCS is the lead centre on sorghum research with a national
perspective. The history of this centre is filled with highly significant
and research accomplishments. (For more details see our web
site www.nrcjowar.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 evaluating their technologies. The NRCS-AICSIP system serves
as the national advisory agency on all aspects of sorghum
research, production, and utilization of sorghum.

Mandate of NRCS and AICSIP: NRCS 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 consultancy 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.
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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 NRCS are
genetic enhancement, cultivar development, biotechnology, crop
utilization and basic studies, crop production and marketing,
besides strategic services, commercialization and knowledge
management. AICSIP is currently involved in development and
identification of superior production technologies through multi-
locational testing; developing improved grain, forage, and sweet
sorghum cultivars with enhanced productivity and response to
biotic and abiotic stresses and formulating crop production
technologies as well as sorghum-based cropping systems for
efficiency and cost-effectiveness.

Revenue generation: Total revenue generated during 2006-07
was Rs. 10,80,219. The revenue earned from contact research
and services was Rs. 2,45,438. The revenue was earned mainly
by developing and selling certified seed of released hybrids,
trainings and proximate analysis of the biological samples.

Staff position of NRCS (as on 31.3.2007)

Cadres Sanctioned Filled Vacant
Scientists 48 32 16
Technical 46 42
Administrative 19 18 1
Supporting 29 27 2
Total 142 119 23

Financial status for 2006-07 (Rs. in lakhs)

Scheme Plan Non-plan
Sanction Expenditure  Sanction  Expenditure
NRCS  65.00 64.77 433.50 432.76
AICSIP 254.00 254.00 - -
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3. Research Achievements

Sorghum Genetic Resources
Conservation

NRCS genetic resources unit has the mandate to collect,
characterize and conserve (medium and short term) sorghum
germplasm and make them available for national agricultural
researchers. The summary of the sorghum germplasm available
as on 31st March, 2007 are given in Table 1.

Preliminary evaluation of new sorghum germplasm during
rabi 2005-06

A total of 167 accessions collected from Tamil Nadu and supplied
by NBPGR regional station, Hyderabad were evaluated at
Hyderabad. Sorghum descriptor of ICRISAT/NRCS has been followed

to collect quantitative (13) and qualitative characters (16). The
stem fresh weights stem dry weight, time to 50% flowering, leaf
length and grain yield were the most variable characters (Table
2). The germplasm supplied by the NBPGR are mostly
photosensitive lines. The grain yield range was 10-73 g/plant.
The high brix percentage (>20%) was noticed in six accessions.

The qualitative characters showed that the maximum frequency
was observed in good seedling vigour (107 accessions.), dark
green leaf colour (130) drooping leaf sheath orientation (105),
white leaf midrib colour (69), semi compact earheads (57) and
straw glume colour (77). Absence of awns (97) medium seed
size (78) pearly white grain (71) stay green plants (154), durra
race (50), non-lustrous seed (106) and elongate seed shape
(48) were also observed in higher frequency.

Table 1: Status of sorghum genetic resources at NRCS
(As on 31st March 2007)

SL.No. Genetic Resources Bulk Voucher Grand Total
1 A-line 16 16
2 A/B line 287 287
3 B - line 50 50
4 Breeders lines 77 77
5 Exotic Collection 162 332 494
6 Germplasm 3394 48 3442
7 Hybrid 142 142
8 Kharif core collection 498 498
9 Local germplasm 1343 2217 3560
10 Others 393 393
11 R - line 5 160 165
12 Repatriation 11113 11113
13 Variety 573 2 575

Grand Total 6653 14159 20812
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Table 2: Descriptive statistics on quantitative characters of new sorghum germplasm

Characters Minimum
Time to 50% flowering (days) 67
Number of leaves 6
Leaf length (cm) 50
Leaf width (cm) 3
Earhead length (cm) 8
Earhead width (cm) 3
Plant height (cm) 78
Stem thickness (mm) 1
Brix (%) 5
Stem fresh weight (gm/plant) 128
Stem dry weight (gm/plant) 65
Grain yield (g/plant) 10
100-Seed weight (g) 1

Genetic Diversification

Evaluation of test crosses involving iso-nuclear lines and
common tester

To confirm the restoration earlier observed during kharif 2005,
61 experimental hybrids produced on A, to A, cytoplasmic male
steriles using already identified restorers (which were tested for
fertility restoration). None of the restorers used were found to be
restoring across all the cytoplasms. From the restorers used, the
following were identified as stable (Table 3) only for A, and A,
cytoplasms while the restoration on A, and A, was season specific.

Table 3: Restorers on different cytoplasm
(2005-06 rabi, NRCS, Hyderabad)

Cytoplasm Restorers
A, M-8, M-1, M-9, AKRB 352, AKRB 352-1
(Kharif and Rabi)
A M-8, M-1, M-9, AKRB 352, AKRB 352-1, M-2

(Kharif and Rabi)
M-10, M-15 (Rabi)
M-4, M-8, M-10 (Kharif)

15

Maximum Mean SD
171 108.00 24.61
21 14.00 4.70
116 77.34 16.79
9 5.90 1.12
39 22.07 7.55
8 5.54 0.97
382 237.00 57.22
2 1.66 0.27
24 15.00 2.92
1503 717.00 370.25
1128 423.00 285.15
73 31.00 13.15
5 2.33 0.90

Line improvement of AKR 354 for grain size, shape and luster

AKR 354, a R line of rabi hybrid CSH 19 R is a very good combiner.
However, the grain quality of this line is not acceptable to the
consumers. AKR 354 has small grain (on average 2.47 g/100
grain), grain shape is elliptical at both dorsal and profile view and
grain is non-lustrous. AKR 354 was crossed with kharif and rabi
elite lines having bold, spherical and lustrous grain. 114 F,, 25
F,, 75BC,F, and 34BCF, of crosses AKR 354 x kharif bold lines:
AKR 354 x (43, AKR 354 x NR 486 and AKR 354 x Rabi bold lines:
AKR 354 x SPV 839, AKR 354 x NR 30 and AKR 354 x RS 585
were grown and evaluated for grain traits during rabi, 2005. About
200 derivatives showed 100 grain weight 3 to 4 g as against
2.47 of AKR 354. Out of these, 49 derivatives showed 100 grain
weight of 3.5 to 4 g. However, 35 were having lustrous grain and
30 were having grain spherical in shape at both dorsal and profile
view like rabi genotypes.

Development of new genetically diverse parental lines for
rabi cultivars by the introgression of exotic germplasm

Attempts have been made in the past to breed for long ear head
like 296B in rabi sorghum. The CMS line 104A has been already
exploited in the development of two commercial rabi hybrids CSH
15R and CSH 19R. However, this and other new CMS lines, though



have got good grain and genetic potential in rabi plant type
background, they are still weak in combining ability for yield and
also in resistance to shoot fly and charcoal rot. Also, they lack
grain luster like that of M35-1. Being a Kharif x rabi season
material, they lack insensitivity to low temperature and cannot
withstand terminal moisture stress due to longer crop duration.
The rabi programme is still based on non-heterotic Indian durra
germplasm. Since, germplasm used in kharif (zera zera, feterata
and hegar) have better heterotic response than Indian durrain
parental line development, a new programme was initiated using
exotic and indigenous germplasm to create diversity. The goal
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was to generate new genetic material with diversity for desirable
traits and develop female parents in caudatum/guineaback ground
and male in durra background to ensure diversity. It was also
envisaged to effect crosses among popular landraces and or with
exotic germplasm to bring diversity in R lines utilizing non-aurra
germplasm from African countries, incorporating grain quality and
resistance to abiotic and biotic stresses. For this purpose, 161
indigenous and 159 exotic lines were used for identifying B and R
gene reactions on A1 cytoplasm (Table 4).

The sterility and fertility reactions were scored in the pairs made
using CMS 104A. Out of 525 pairs (174 using exotic and 351

Table 4: Use of exotic and indigenous germplasm for identifying B and R genes

Exotic lines

Conty =R
Nigeria 53 63
Sudan 17 18
Ethiopia 11 12
S.Africa 15 16
Cameroon 37 38
Zimbabwe 6 7
Others 20 20
Total 159 174

Note: The CMS line used was CMS 104A

Indigenous lines

Table 5: B and R gene reactions on CMS-104A

SI.No Reactions

1 Clear Sterile
Partial sterile
Partial fertile
Sterile/Fertile
Fully fertile
Female-NG
Total

N oo o AW N

st =
Maharashtra 47 86
Karnataka 33 74
Andhra Pradesh 17 37
Madhya Pradesh 29 54
Gujarat 14 28
Others 21 72
161 351
Indigenous Exotic Total
131 73 204
10 3 13
27 12 39
31 10 41
109 66 175
43 10 53
351 174 525
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using indigenous lines), 204 pairs showed clear sterility (B gene) 5). Thus, new B and R lines with diverse genetic base incorporating
and 175 pairs exhibited fertile reaction(R gene). Rest of the pairs caudatum/guinea and durra genetic background were developed
showed partial sterility, partial fertility and a mixture of both (Table in the study.
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Table 6: Performance of selected B, R lines and varieties

. Plant height Grain yield Percent Increase 1000 Seed
Lines Days to flower (cm) (kgs/ha) Over Check Weight(q)
B lines
1.SLB-1 73 155 1551 44.5 33.4
2.5LB-2 77 163 1386 29.0 323
3.5LB-6 74 147 1279 19.1 32.3
4.5LB-9 75 153 1754 63.3 30.7
5.SLB-11 79 172 171 9.0 35.1
6.5LB-19 76 159 1147 6.8 28.4
7.SLB-20 75 161 935 -12.9 29.8
104B (Check) 79 146 1074 - 30.6
(D at 5% 123
V% 11.8
R lines
1.SLR-17 75 191 1284 14.6 29.6
2.5LR-24 78 167 1237 10.4 27.2
3.5LR-25 76 177 1218 8.7 32.5
4.SLR-35 81 184 1635 45.9 34.1
5.SLR-41 83 192 1460 30.8 35.2
6.SLR-43 77 179 1438 28.3 36.1
7.SLR-46 82 183 1646 46.9 33.3
RS-585 (Check) 79 175 1120 - 289
(D at 5% 149
V% 20.4
Varieties
1.SLV-3 68 169 1413 14.9 29.4
2.SLV-7 71 176 1344 9.3 31.2
3.5LV-25 73 189 1483 20.7 31.4
4.SLV-27 78 193 1380 12.3 27.8
5.SLV-29 77 182 1522 23.8 31.2
6.5LV-35 81 171 1411 14.8 32.8
Mauli (Check) 74 165 1229 - 28.3
M35-1 (Check) 78 174 1108 -9.9 29.8
(D at 5% 172
V% 15.9
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Some of the new B and R lines with diverse genetic base were
derived identified are as follows :

B lines : 1S-18068B, PEC-2B, 1S-15870B, PEC-21B, 1S-18452B,
EP-106B, 15-22461B, 1S-4540-1B,IS-33855B, 15-33733B,
1S-6368B, EC-8-2B, PU-25B, SLK-3-1B, PEC-1B, IS-18362-1B

R lines: IS-5256R, 15-4413R, IS-18061R, PEC-32R, IS-15058-2R,
EC-8R, 1S-33832R, EP-53R, 1S-1553R, EP-55R, IS-15689R,
EP-109R, 15-4411R, PEC-26R, 15-40243R, PEC-35R

Besides identifying B and R gene reactions on the available CMS
lines, crosses have been made among popular landraces and also
with exotic lines to generate new breeding material with diversity
and efforts are on to incorporate the rabi adaptation traits.

Improvement of parental lines

a) B line improvement: Evaluation of 24 B lines indicated that 10
B lines flowered earlier than M35-1.5ix B lines gave significantly
superior grain yield than check (Table 6). The selected lines
SLB-1, 6,9, 11, 19 and 20 gave -12.9 to 63.3% more yield than
the check 104B.

b) R line improvement: Out of 36 R lines tested, 13 R lines flowered
earlier than M35-1.Seven R lines gave significantly superior grain
yield than check. The selected lines SLR-17, 24, 25,35,41,43 and
46 gave 8.7 to 46.9% more yield than the check RS-585.

c) Evaluation of experimental hybrids: Out of 26 experimental
hybrids tested, partial sterility was noticed in 4 hybrids and the
rest were fully fertile. The selected hybrids (104A x SLR-1, 104A x
SLR-24, 104A x SLV-31 and 104A x SLV-34 gave 6.9 to 47.0%
more grain yield than CSH-15R.

Identification of stemborer-tolerant parental lines of forage
sorghum

Ten parental lines of forage sorghum were planted along with
resistant (IS 2205) and susceptible (DJ 6514) checks in
randomized block design with three replications. Each genotype
was planted in paired row. The shoot fly infestation was avoided by
early planting. At 20 days after emergence, one row was infested
with neonates of borer larvae (5-7/plant) by bazooka, and the
other row is left for natural infestation. The deadheart formation
three weeks after infestation was recorded. At harvest the data on
stem and peduncle tunneling were recorded. The deadheart
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formation data under natural condition indicated that the forage
sorghum parental lines were generally susceptible to stem borer.
The variety NSF-2 was significantly least susceptible recording
29.7 % dead hearts and it was on par with resistant check IS
2205. The lines NSF-3, NSF-1 and NSF-4 were moderately
resistant with 36.82, 38.32 and 40.67 % dead hearts. The mean
dead heart formation in the test entries was 48 %.

Screening of sorghum cultivars for resistance to two species
of stemborers Chilo partellus and Sesamia inferens

In an field experiment consisting 11 cultivars, whole plants were
cut open vertically to find caterpillars of stem borers.
Species-wise data on larval incidence revealed a clearer trend
(Table 7). It can be stated that rabi varieties are more susceptible
Chilo partellus than Sesamia inferens. Reverse was true in rest of
the test cultivars which were mostly kharif varieties. M35-1 a rabi
variety (Check) was equally tolerant to both. As the resistance to
both species of stem borers appears to be a mutually exclusive
character, this aspect needs to be investigated further.

Evaluation of selected breeding lines for resistance to
charcoal rot and lodging

A total of 50 lines were evaluated with checks for charcoal rot
incidence during rabi 2005-06. Charcoal rot (CR) incidence was
moderate to high with resistant (E36-1) and susceptible (CSV8R)
check showing 25 and 53 per cent incidence. Out of 50 promising
lines re-evaluated, 18 recorded charcoal rot resistance at par
with E36-1, irrespective of sink size of the lines. SLB7, 8 and 21,
SLR17 and 35 and SLV3, 7, 20, 26, 30, 31 and 35 recorded less
than 30% CR. Five checked could be grouped into three sink group
viz., =50 g (represented by Maulee; gain yield 38 g/ plant),
51-70 g (M35-1; grain yield 54 g/ plant) and =70 g (CSH19R;
grain yield 79g/ plant). Comparisons of lines for CR within the
related sink groups showed that SLB17, SLR24, and SLV3, 7, 15,
20, and 26 were at par with Maulee. In M35-1 sink group 4 lines
SLB7, SLR17 and 25 and SLV31 were superior than M35-1 (Table
8). Whereas other 8 lines SLB1, 8, 18, 20 and 21, SLR8 and
SLV30 and 35 were at par with M35-1.

The extend of stalk rotting measured was, however, less severe
because of prevalence of relatively cooler weather during grain
maturity period. Some of the lines (SLB7, 8, 17, SLV20, 30 and
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Table 7: Response of different sorghum cultivars to stem borers' damage

No. of Chilol 25 No. of Sesamial

Ratio( Chilo:
Sesamia)

Remarks

Kharif cultivars

1:3 Susceptible to Sesamia, Tolerant to (hilo
1:5 Susceptible to Sesamia
1:3.2 Susceptible to Sesamia
0:21 Susceptible to Sesamia, Tolerant to Chilo
1:4.3 Susceptible to Sesamia
1:2.4 Susceptible to Sesamia
1:2 Susceptible to Sesamia, Tolerant to Chilo

Rabi cultivars

ety plants* 25 plants
(CSV-15 2 6
MAULEE 3 15
AKSSV-15-1 5 16
SPV - 147-1 0 21
(SH-23 3 13
C0S - 28 9 22
SPV - 1616 2 4
CSV-14 R 8 4
(SH-15R 9 0
(SV-216R 3 2
M35-1(Check) 2 2

2:1 Susceptible to Chilo
9:0 Susceptible to (hilo, Tolerant to  Sesamia
1: 0.6 Susceptible to (hilo, Tolerant to  Sesamia

1:1 Tolerant to both

Table 8 : Charcoal rot resistance in breeding lines in relation to different sink groups

Sink Grain yield in  ¢poccoal ot Charcoal rot
group check (%) <19%
(g/plant) (g/plant) (superior)

<50 38 (Maulee) 30 None
(R <26%
(superior)
51-70 54 (M35-1) 36 SLB7, SLR17,
SLR35 and
SLV31
>70 79 (CSH19R) 54 No line in this
sink group
CD 15.5 11.2

35) highly restricted the lesion spread inside the stalk (mean lesion
length =10 cm). These lines were late in senescence and
maintained 2-4 green leaves per plant at physiological maturity
(110 days after sowing) (Fig. 1)

Evaluation of yellow sorghum for reaction to foliar diseases

Twenty yellow sorghum genotypes were evaluated for their reaction
to diseases and adoption at NRCS, new area farm during Kharif
2006 in randomized block design with three replications. Severe
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Charcoal rot 20-42%(at par)

SLB17, SLR24, SLV3, SLV7, SLV15, SLV20 and SLV26
(R 26-47% (at par)

SLB1, SLBS8, SLB18, SLB20, SLB21, SLR8, SLV30, and SLV35

No line in this sink group

incidence of leaf blight (mean incidence score of 3.7), zonate
leaf spot (2.8) and anthracnose (3.7) were observed. The
incidence of rust was not significant. Since there was no filling up
of panicles, mold incidence could not be observed in the test entries
as all of them were of long duration in nature which took more
than 80-90 days for flowering and all were of very tall growing in
nature. Four entries recorded the lowest average foliar disease
index of <2 compared to other entries and showed multiple foliar
disease resistance (Table 9).
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Entry

EC-1
EC-100
EC-14
EC-16
EC-31
EC32
EC-4
EC-5
EC-8
PEC-26
SEVS-11
SEVS-12
SEVS-14
SEVS-16
SEVS-2
SEVS-29
SEVS-4
SEVS-5
SEVS-6
SEVS-9

IS-14332
IS-14338
CSV-15
(SH-16
CSH-17
Mean
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Green Leaves/ Plant

——SLB8
—=—S|LB18
SLR8
—>*—SLR17
—*—SLR24
—e—SLV7
—+—SLV15
—=—M35-1

——— CSV8R

80DAS

95DAS

110DAS

Fig.1: Rate of leaf senescence during GS3 in promising breeding lines (DAS=Days after sowing)

Table 9: Evaluation of 20 yellow sorghums for their reaction to diseases

Grain
Mold

2.1
2.0
2.6
2.8
3.0
2.5

Rust

1.0
2.0
1.0
1.5
1.0
1.0
2.5
1.5
1.0
2.5
1.0
2.0
2.0
1.5
3.0
2.0
2.0
3.0
1.0
1.5

1.0
1.0
1.0
1.0
1.0
1.6

Leaf
Blight

2.5
3.5
4.0
4.5
3.5
3.5
5.0
35
5.0
4.0
4.0
45
5.0
4.5
5.0
5.0
4.5
4.5
3.0
3.5

2.0
2.0
2.0
2.0
2.0
3.7

Anthra-

cnose

2.0
2.5
4,5
4.0
2.5
3.0
4.5
4.0
5.0
5.0
3.5
4.0
4,5
3.5
4.0
4.5
3.0
4.0
2.5
35
Checks
3.0
4.0
3.0
3.0
3.0
3.6
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Zonate Leaf Sooty Stripe
Spot

2.0
2.0
1.0
1.5
1.0
1.5
1.5
1.5
2.5
2.5
1.5
2.0
2.0
1.5
2.5
2.0
2.0
2.5
1.0
2.5

3.0
2.0
3.0
3.0
3.0
2.0

Downy
Mildew
2.0 2.0
1.5 2.0
1.5 2.0
1.0 1.5
1.0 3.0
1.0 2.0
1.5 2.0
1.0 2.0
2.0 2.0
2.0 3.0
1.0 1.5
1.5 2.5
2.0 1.5
2.0 2.0
2.0 1.5
1.5 2.0
2.0 2.5
2.0 2.0
1.0 2.0
1.5 2.0
2.0 1.0
1.0 1.0
2.0 2.0
2.0 1.0
2.0 1.0
1.6 1.9

Ergot

2.5
3.5
3.0
2.5
2.0
2.0
3.5
2.5
3.5
3.0
3.0
3.5
3.0
2.5
3.5
2.5
3.0
3.0
2.0
3.0

2.0
1.0
1.0
2.0
2.0
2.6

Mean

2.0
2.4
2.4
2.4
2.0
2.0
2.9
2.3
3.0
3.1
2.2
2.9
2.9
2.5
3.1
2.8
2.7
3.0
1.8
2.5

2.0
1.7
2.0
2.0
2.0
2.4
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Marker-assisted selection for sorghum improvement

Evaluation of mapping population of 296B x IS18551 for
senescence and other traits

350 RILs of 296B x IS18551 mapping population were evaluated
for leaf senescence and other agronomic traits. Quantitative trait
loci (QTL) for following traits were identified (Table 10).

Detection of QTL for resistance to foliar diseases

350 RILs of 296B x 1518551 were evaluated for foliar disease
incidence at Udaipur. The disease pressure was moderate for
anthracnose and leaf blight. The disease scoring was done for
these two diseases at the time of physiological maturity and QTL
were mapped using MapQTL® 5. The LOD threshold value for both
the traits was 1.8. One QTL each for anthracnose and leaf blight
were identified (Table 11; Fig. 2).

Table 10: QTL identified for various traits in 296B x 1518551 mapping population

SNo Trai Linkage group
1 % Green leaf area reduction
2 Green Leaf Area at maturity

3 % Staygreen

4 SPAD

5 Time to flower

6 Plant height

7 Panicle length

8 Panicle weight

9 Number of primary branches
10 Test weight

1
12

Grain yield per plant
Grain yield per primary branch

M T T O I O M T o m T Mmoo T T T X X T T T T T T T T g o T
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Marker interval LOD % Variance
explained
Mrco-Xtxp95 2.64 9.10
Mrco-Xtxp95 3.13 10.60
GlumeT-Xtxp145 2.08 5.90
Xtxp100-SbAGHO4 2.64 7.00
GlumeT-Xtxp145 2.96 8.10
Mrco-Xtxp95 4.32 14.40
Xtxp95-Xtxp57 3.28 9.40
Xtxp57-Xtxp17 2.81 7.70
Xtxp17-plco 4.30 13.0
GlumeT-Xtxp145 4.15 11.20
Mrco-Xtxp95 3.42 11.90
Xtxp17-plco 2.94 9.00
Xtxp335-Xtxp32 2.65 8.80
Xtxp88-Xtxp329 2.41 6.50
GlumeT-Xtxp145 5.04 13.20
Mrco-Xtxp95 6.27 18.40
Plco- 2.34 6.00
Sdre7-Xtxp92 2.61 9.20
Xtxp92-Xtxp295 3.51 12.80
GlumeT-Xtxp145 14.25 40.50
Xtxp265-mrco 11.27 30.30
GlumeT-Xtxp145 4.96 13.70
Xtxp265-mrco 3.02 8.40
Xtxp23-kaf3 2.42 7.80
Xtxp40-Xtxp159 2.01 5.80
Xtxp292-Xtxp354 2.87 8.30
Xtxp343 3.08 8.50
GlumeT-Xtxp145 5.04 13.50
GlumeT-Xtxp145 5.12 13.90
Mrco-Xtxp95 2.61 7.0
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Table 11: QTL for resistance to foliar diseases in 296B/IS18551 RIL mapping population

Anthracnose Sdre37-Xtxp95 SBI-06 2.10 -0.088
Leaf Blight Sdre37-Xtxp95 SBI-06 3 2.2 10.2 -0.040

# from left marker; * of female parent 296B

Fig. 2. QTL positions of anthracnose (A) and leaf blight (B) on chromosome SBI-06

Cultivar development

Performance of new rabi varieties in multi-locational testing over the checks M35-1 and CSV-216R, respectively (Table 12a).
during Rabi 2005-06 However, it was on par with M35-1 and Maulee in Coordinated

The entry SPV-1672 stood first in Coordinated Agronomy trial Breeding trial (AVHT) tested under shallow soils (Table 12b).

during rabi 2005-06 and it was superior by 14.6% and 5.78%

Table 12a: Performance of SPV-1672 in Agronomy AICSIP trial under receding
soil moisture conditions

1 SPV-1672 2689 14.6 over M35-1 6539

5.78 over CSV-216R
2 M35-1 2345 Vil - 6523 109
3 (SV-216R 2542 V - 7143 113

Table 12b: Performance of SPV-1672 in AVHT-Shallow soil

1 SPV-1672 1414 4467 114
2 M35-1 1769 I 4909 117
3 Maulee 1517 Il 4785 115
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Performance of new kharif cultivars in multi-locational testing
during kharif 2006

SPH 1467: It is a tall (226 cm) and high yielding kharif hybrid. It
has 3024 kg/ha of grain and 128 g/ha fodder yields in AHT in

g (s
Fig. 3: SPH 1467
Zone Il (Table 13; Fig. 3). It exhibited 6.3% and 14.6% higher
grain and fodder yields over CSH 16 but is on par with CSH18 in

stover yield. It has higher tolerance to shoot fly (SFDH 51%)
compared to (60% SFDH) in CSH 16 hybrid.

SPV 1696: The high yielding kharif variety is in second year of
advanced testing in Zone I. It yielded 3609 kg grain and 93 g/ha
fodder and the check variety CSV 15 has 3559 kg and 93 g/ha
grain and fodder yields (Table 14; Fig. 4). It is medium tall (172cm)

Fig. 4: SPV 1696

and 4 days early flowering than CSV 15 variety. The tolerance to
grain mold was on par with CSV 15.

Table 13: Performance of SPH 1467 kharif hybrid in AHT

Hybrid Grain yield Fodder yield Days to 50% flowering Plant height
Y (Kg/ha) (q/ha) (cm)
SPH 1467 3024 128 64 226
CSH 16 (Check) 2846 12 68 188
(D at 5% 983 2032 4 14
CV (%) 22.84 17.87 2.96 6.34
Table 14: Performance of SPV 1696 kharif variety in AVT
Vari Grain yield Fodder yield Days to 50% Plant height Grain mold

sl (kg/ha) (g/ha) flowering (cm) score
SPV 1696 3609 93 57 172 3.9
CSV 15 (Check) 3559 93 61 179 4.0
(D at 5% 1091 1247 6 25 1.0
vV (%) 18.39 8.1 5.0 6.91 9.84

Development of transgenics

Molecular analysis of transgenics with Cry7B gene

PCR analysis of T (20 [plants), T, (20 plants) and T, (20) plants
were completed (Table 15a). Southern analysis was done by non-

23

radioactive methods in 10 plants (Table 15b and Fig.5). Non
radioactive detection system for southern was standardized using
plasmid (positive control) samples.

Southern analysis was carried out with the PCR positive plants
generated by Agrobacterium mediated transformation carrying
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Table 15a: PCR analysis of (ry7B transgenic plants

Generation  No of plants Result
tested
To 14 3 plants were positive
T, 56 4 events were tested for advancement
of generation; T1 progeny of transgenic event
14 showed 3:1 segregation
T 23 All the progeny plants from event 23 were positive.

Remarks

3 new events were confirmed in genotypes

10 seeds from PCR positive plants were sown for
advancement of generation.

These seeds can be used for small
scale field trials

Table 15b: Details of Southern analysis of (ry7B transgenic plants

No of plants tested

5 All'5 plants (5 events) in 296B were positive

17

Bt gene ((ry7B) to study the integration pattern of (ry7Bgenein
the sorghum host genome. Transgenic plants were digested with
Hind IIl restriction enzyme and probed the blots with (ry75 gene.
Forty-seven plants of the 82 T  plants with (7y75 gene indicated
the presence of transgene.

L Molecular weight ladder, NT Non transformed plant,1,2 and 3 confirmed
transgenic plants in T, genaration

Fig. 5: Southern hybridization of Cry1B transgenics

Result

4 plants in genotype CS 3541 and 6 plants in genotype 296B were confirmed.

Bioassay of T, transgenic plants with Cry7B genes for
resistance to stemborer

Three week old transgenic (C(ry7Bin 296B) and non-transgenic
plants grown in glasshouse were artificially infested with neonates
of Chilo partellus under controlled laboratory conditions. T,
progeny (a total of 250 plants) of four transgenic lines (BB31B,
BB 39C, BB 46 and BB 48) of 296B transformed with (ry 75
gene were evaluated along with non-transformed control. From
each event 50 plants were tested. The highest larval mortality of
80% with minimum leaf damage of 33% was obtained in BB 39C
transgenic event. Transgenic plants 4, 15 and 28 of BB 39C and
10 of BB 46 showed larval mortality of 73 - 80% and significant
reduction in larval weights when compared to control (Table 16).

Bioassays with the above four transgenic events showed that 3
plants (nos. 4, 15, 28) from event BB39C and one plant (no. 10)

Table 16. Percentage of larval mortality and leaf area damage in leaf disc bioassay

SNo Transformed Transgenic Leaf damage

e event Plant (no.) (%)
1 BB 39C 4 40
15 37

28 33

2 BB 46 10 37

3 BB 48 80

4 BB 31B 81

5 Control 85

24

Larval (r;ortality Corre_cted g:,ilfcvtv'fr}%] )
(%) mortality(%) after 5 days
76.7 7411 82.35
76.7 7411 88.23
80.0 77.77 73.53
73.3 70.33 76.47
0.0 - 17.64
0.0 -8.82
10.0
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from event BB46 showed tolerance to C partellus neonates
(Fig. 6), while the remaining transgenics were susceptible.

Insect bioassay in transgenics carrying Cry7 Ac gene

Forty transgenic plants (T,) carrying (7y7Ac gene survived and
showed more resistance in terms of less leaf feeding, no deadheart
in insect bioassay studies (Fig.7). Event BB39C Event BB46

Transgenics for grain quality

Using 7Ax7 gene from Aegelops speltoides for producing glutenin
protein with native promoter to express the elasticity inducing
protein in the endosperm, two putative transgenics were produced
by bombardment method of the shoot meristem derived callus.
They were tested by fil drying technique and PAGE and observed

to have 8% expression of 1Ax1 protein as compared to wheat
(Fig. 8). Fig. 6: Young leaf discs of transgenics less damaged by stemborer
larvae in biossay

Event BB31B Control

A - Leaf feeding on non transgenic plant, B - Leaf feeding on transgenic plant, C-Larval mortality
observed on transgenic plant leaf surface

Fig. 7: Evaluation of sorghum transgenic plants resistant to stem borer

T, of Event No. 45 has shown difference in dough quality and
presence of a band in seed protein (PAGE and Film technique)
corresponding to 1Ax1. After testing with controls and parental
genotype (CRR 106) using NIR (NIRFlex # 2050 with software of
NIRCal V4.21.389), segregation was observed for expression of
glutenin. Two events are promising with about 60% and 47%
compared to 88.5% in wheat and nil in sorghum. These events
showed good dough binding capacity. They have round starch
grain compared to irregular grain structure in sorghum (Fig. 9).
C306, GM358, PBWS73, Raj and HD2877 are wheat varities; 42, Some of the events showed mixed results. All the events were

45 and 94 are sorghum test lines selfed and seed obtained for further large scale testing of the
Fig.8: 1Ax1 band in seed proteins of sorghum and wheat dough.

C306 GM358 PBW373 Raj HD2877 42 45 94 CRR106
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A: Perfectly globular grains in wheat with NIR values
of 82 % glutenin

B: Globular grains in the sorghum transformation Event No. 45-5
with NIR values of 60% glutenin

C: Sorghum (control CRR 106) with NIR values of 0% glutenin. Al
800X phase contrast

Fig. 9: Starch grains of wheat and sorghum test line

Production of sorghum transgenic plants with salinity tolerance
gene (PcSER)

NaCl sensitivity curve : The level of selection pressure is established
by generating a kil curve for the NaCl tolerance using /7 vitro
culture medium. This study examined the response of non-
transformed explants to NaCl as a selection agent, to select for
NaCl tolerance in transformed sorghum shoot tips. Embryogenic

A: Nontransformed shoot buds in 300 mM NaCl; B: Resistant shoot buds in 300 mM NaCl;
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shoot buds derived from shoot meristem portion of shoot tip were
placed on medium containing different concentrations of selection
agent NaCl (0 mM - 500 mM) and incubated for 2 weeks under
light at 25 + 20C. Then, the percentages of the mortality were
recorded. The explants continued to grow upto 250mM NaCl. 300
mM and above this concentration till 500 mM, all the explants
failed to grow and got bleached and recorded100% mortality
(Fig.10).

; / — . .
; [
Y /)

- 1/

F //

g . // / N / ~+-3days

s . /// / =5 days
» //// ~0=7 days
" / =10 days

Py
20 300 350 40 450 500

Concentration of NaCl (mM)

Fig.10 : Generation of kill curve with NaCl

Transformation of sorghum with PcSER gene: Shoot apices of
sorghum M35-1 and SPV 462 genotype were bombarded with
PcSER gene for salinity tolerance. A total of 2250 shoot apices
were bombarded, were subjected to first stage of selection at
shoot bud induction with 300 mM NaCl for 2 weeks and later
transferred the explants with healthy shoot bud clumps to multiple
shoot induction media with 300 mM NaCl for 2 weeks. Those
survived shoot bud clumps with multiple shoots were transferred
to regeneration media with the same concentration of NaCl (300
mM) for 2 weeks. A total of 170 NaCl resistant plants were
regenerated out of 110 NaCl resistant shoot bud clumps, only
146 plants developed well established root system were
transferred to green house for further growth (Fig.11).

C: Regeneration of resistant shoot buds in 300 mM NaCl selection

Fig. 11: Selection and regeneration of bombarded shoot tips
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Sorghum entomology

Bio-intensive approaches for disease and nutrient
management in sorghum

Study on the efficacy of harpin as inducer of resistance in two
contrasting sorghum genotypes against shoot fly and stem borer

a) Shoot fly: Two genotypes D) 6514 (Susceptible) and IS 2312
(Resistant) were sown in field on 4th August, 2006 with two rows
(45 cm apart) of 4 m length. The treatments were replicated four

times. The harpin was procured from University of Hyderabad
and applied @ 20ng/ml at 7 DAE (Days after emergence) Fishmeal
was placed uniformly in the experimental field at 10 DAE to build
up uniform shoot fly pressure. The observations were recorded
at 14, 21 and 28 DAE on dead hearts plants that affected by
shoot fly.

There were significant differences in percent dead hearts among
the treatments particularly in susceptible (DJ 6514) and resistance
(IS 2312) genotypes at 14, 21 and 28 DAE (Table.17). The

Table 17: Effect of harpin on shootfly in field conditions on two genotypes of sorghum

Treatment Shoot fly dead hearts (%)

at 14 DAE
Harpin on D 6514 40.54
DJ 6514 (Control) 42.35
Harpin on IS 2312 28.19
IS 2312 (Control) 28.77
Mean 34.96
CV. 12.98
C.D. 5% 7.26

application of harpin did not show significant differences in dead
hearts percentage over control when compared with the same
genotypes. Least dead hearts were recorded in IS 2312, where
harpin was applied and highest dead heart percent was observed
in untreated D) 6514.

b) Stem borer: Two genotypes, IS 2205 (Resistant) and DJ 6514
(susceptible) were planted in glass house in plastic pots (size:30cm
dia) on 31st July, 2006. The harpin was applied @ 20ng/ml on

Shoot fly dead hearts (%) Shoot fly dead hearts (%)

at 21 DAE at 28 DAE
50.32 80.55
52.56 81.75
34.11 37.17
34.99 38.79
43.00 59.57
14.27 11.15
9.81 10.62

9th August, 2006. Each plant was infested with five stem borer
larvae (one day old) procured from stem borer mass culture
laboratory, NRCS on 21st August, 2006. The observations on leaf
damage (scale 1= low, 9= severe) were recorded at 7 and 14
days after infestation of larvae. At harvest, the infested tunnel
length (cm) was measured.

There were significant differences in leaf damage at 7 and 14
days after infestation (DAl) and tunnel length among the treatments

Table 18: Effect of harpin on stem borer in glass house on two genotypes of sorghum

Leaf damage (1-9)

Leaf damage (1-9)

Treatments ot 7 DAI at 14 DA Tunnel length (cm) Larvae found(No)

Harpin on D) 6514 6.67 7.99 11.65 0.78

DJ 6514 (Control) 6.94 8.31 11.90 0.89
Harpin on IS 2205 5.26 5.41 9.62 0.55

IS 2205 (Control) 5.78 6.33 9.94 0.67

Mean 6.16 7.01 10.78 0.72

CV. 4.91 12.17 12.61 41.35

S.E. 0.18 0.49 0.78 0.17

C.D. 5% 0.61 1.71
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particularly in susceptible (DJ 6514) and resistance (IS 2205)
genotypes (Table 18). The application of harpin did not show
significant differences in stem borer infestation grading over control
when compared with in the same genotypes. Least leaf damage
rating was recorded in harpin treated IS 2205 (5.26 and 5.41 at
7 and 14 DAl respectively) and highest leaf damage was noticed
in untreated DJ 6514 (6.67 and 7.99 at 7 and 14 DAI).

Sorghum pathology
Epidemiological studies on foliar diseases of sorghum

In this study, the rate of development of three important foliar
diseases viz., zonate, anthracnose and sooty stripe was worked
out (Table 19). The incidence of these diseases on selected plants
were recorded @ 25 observations over a period of 15 days and
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the rate of development of disease was worked out using formula
x=xoe rt, where x= final disease intensity, xo= initial disease
level, t= time required for development of the disease.

Testing efficacy of native biocontrol agents for stalk rot
resistance

Three selected native rhizobacteria bioagents Rb213-1, Rb8-1
and Rb8-1v (antibiotic resistant variant of Rb8-1) along with
salicylic acid were tested for their efficacy to impart induced
resistance against stalk rot under pot experiments. The experiment
was conducted in two sets -one in Macrophomina sick soil and the
other one in normal soil. Flowering time in the bio-agent Rb213-1
treated plants advanced by 4 days over the untreated control,
while this advancement was 3 and 2 days for Rb8-1v and SA
treatments in normal soil (Table 20). Rb213-1 treated plants

Table 19: Rate of development of foliar diseases in sorghum

Disease

Rate of development of disease 0.055

Zonate Leaf Spot

Anthracnose

0.016

Sooty stripe
0.0845

Table 20: Plant growth enhancement and induction of charcoal rot resistance by rhizobacteria in sorghum

Normal soil Macrophomina sick soil
Soil

drenching No of Primar Length of . No of Primar Length of .
treatment Days to 50% open branchy/ stalkgrotting Reduction of Days to 50% open branchy/ stalkgrotting Reduction of

anthesis leaf  panicle (No)  (cm)  'otting (%)  anthesis leat  panicle (No)  (cm)  TOtting (%)
Rb213-1 87 7.2 37 10.7 69 89 6.3 28 6.5 31
Rb8-1 90 6.9 37 8.4 76 89 6.5 30 5.0 46
Rb8-1v 88 6.9 34 13.2 62 90 6.6 33 6.5 31
SA 89 6.8 35 11.6 66 89 5.6 31 5.7 39
Control 91 6.7 35 34.5 - 90 5.9 25 9.3 -

opened more number of leaves at 60 day's plant and increased
number of primary branches in panicle than the untreated control
plants. Stalk rotting was 62 to 76% less in treated plants than the
controlled plants. However effect of plant growth promotion and
induction of disease resistance were less pronounced in
Macrophomina sick soil than normal soil. In vitro tests showed
that application of salicylic acid in soil had no adverse effect on
vegetative growth of Macrophomina. Plant growth in sick soil was
adversely affected because of heavy dose of added inoculum of
pathogen in the pot (10g/pot) and effect of bio-agent was reduced.
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Induction of resistance to grain molds using chemicals

An experiment was taken up to study the induction of resistance
to grain mold using salicylic acid and Divy amrut (an organic
formulation) each at two concentrations in a field trial. The
chemicals were sprayed twice on the whole plant system including
leaves and panicles when the crop (CSH 16) was flowering.
Observations on incidence of mold was recorded. The data
indicated that Salycilic acid and Divy amrit sprays on sorghum did
not induce resistance and reduce the incidence of grain mold as



Research Achievements

there was no significant difference between any treatments. The
mean incidence of mold was found to be 4.80, which is sufficiently
high.

Study for bacteria mediated induction of systemic resistance
against major pathogens

(A) Induced systemic resistance against anthracnose pathogen
Colletotrichum sublineolum

Living bacterial cells (bioagents Rb213-1 and Rb8-1 developed
at NRCS), heat-killed bacterial cells (HKB1 and HKB2 supplied by
CRIDA, Hyderabad) and Harpins (supplied by University of
Hyderabad) were tested against the foliar pathogens Coletotrichum
sublineolum (anthracnose) for induction of systemic resistance.
Anthracnose susceptible sorghum line HB112 (1518442) was used
in the experiment under glasshouse conditions. The experimental
plants were treated with various resistance inducing agents as
described in Table 21. After 7 days of induction the plants were
challenged with pathogen inoculum (virulent anthracnose pathogen
was grown on sorghum grain and 2-3 pathogen infested grains
were placed inside the whorl of 28 days old plant) and kept under
high humid conditions for disease development. Anthracnose
severity (on 1-9 scale) was recorded at 45 and 60 DAE.

Anthracnose severity was low to moderate ranging from 4.5 -6.5
(on 1-9 scale, where 1= no infection and 5= more than 75%

leaf area damaged) in unchallenged controls. For none of the
treatments induction of resistance was sufficient to reduce
anthracnose severity significantly (Fig. 12). Plants treated with
Rb213-1, Rb8-1 and Harpins scored 5.0 as compared to 5.6 in
control. The plants treated with heat-killed bacterial suspension
scored an average of 5.1 and 5.3. Whatever little effects observed
might be changed under conditions favoring high disease (disease
severity in present experiment was moderate). From the results
of this preliminary study it is clear that host was induced to resist
aqainst Colletotrichum sublineolum, but level of induction was not
enough to control disease sufficiently in susceptible cultivar.
Cultivars with moderate resistance may give better results.

(B) Induced systemic resistance against grain mold pathogen

Harpins are glycine-rich, heat-stable, acidic proteins produced by
Gram-negative plant pathogenic bacteria. Application of harpins
to plants generally induces resistance to pathogens. Harpin
obtained from University of Hyderabad was tested on sorghum
panicle to know whether it can reduce infection of mold fungi.
Grain mold susceptible (296B) and tolerant (DSV6) cultivars were
used for testing efficacy of harpins. Aqueous suspension of Harpins
was sprayed (@ 20 ng/ml) on 5 heads at 5-6 days before start
of anthesis. Sterile distilled water was sprayed as control. Following
induction treatment, the plants were allowed to grow in open
conditions for flowering and mold infection from air-borne

Table 21: Treatment details for induction of systemic resistance against foliar pathogen

Rb213-1
1 x 108 cfu/ml

Rb8-1
1 x 108 cfu/ml

Treatment

Dose for spray

N

Disease severity (1-9)

_— N W B W

Rb213-1

Rb8-1 IM-3  ALP-18  Harpin

Treatments

Control

Fig. 12: Effects of various biotic agents on induction of resistance
against anthracnose in sorghum

IM-3
1 x 108 cells/ml
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ALP-18
1 x 108 cells/ml

Harpins Control

20 ng/ml Sterile grains
inoculums (generally mold fungi do not infect before anthesis).
Immature grains from each head were harvested at 20 days after
anthesis and fungal load estimated. Per cent grain infection by
Fusarium varied from 24-32% and Curvularia from 8-10%. There
was no significant difference in fungal load among the treatments
either on susceptible (296B) or tolerant cultivar (DSV6).

Studies on Fusarium and Aspergillus spp responsible for
mycotoxin production in sorghum

a) Characterization of Aspergillus isolates

Mycotoxin producing ability of 18 isolates of Aspergilus flavus
isolated from sorghum grain samples from different locations in



India were studied under laboratory conditions. Two different
methods were used for detection and estimation of aflatoxins
production by A. flavus. Sabouraud dextrose supplemented with
0.3% B-cyclodextrin was used for the visual detection of aflatoxin
production. Presence of fluorescence surrounding fungal colonies
under UV light (365 nm) after 3 days of incubation at 28°Cindicated
positive for aflatoxin production. The plates were then stored at
28°C for 20 days to facilitate saturation in aflatoxin production.
The substrate was used for toxin extraction following standard
protocol and Aflatoxin B1 (AfB1) was estimation using enzyme
linked immunosorbent assay (ELISA).

Colony color of most of the isolates was in different shades of
green that varied from light to dark green. The isolates greatly
varied in mycotoxin production ability that ranged from 0-8000
Hg/ kg of substrate. Fifty per cent of the isolates produced AfB1
higher than the safety limits (20 pg/ kg) and were considered
highly toxigenic strains (Table 22). The strain A112 produced 8003
ppb AfB1 and was the most toxic among the isolates (Fig. 14A).
Aspergillus isolated from market and brewery samples produced
more aflatoxin as compared to field sample isolates. This assumes
more significance as most of the Aspergillus infection in sorghum
is observed in stored sample (market sample) and infection
frequency is very low at field level (Fig. 13). This variation in level
of toxin production is purely due to variation among fungal strains
as the experiment was conducted in controlled condition using
synthetic medium. Studies to find out aflatoxin producing ability of
these strains in sorghum grain are in progress. The two methods
used for aflatoxin estimation (Fluorescence method vs ELISA)
showed strong correlations [r=0.505 (p=0.05)] suggesting that
the fluorescence method can be used for rapid screening of
aflatoxin producing isolates in a cost effective way.

Field sample

Market sample

A. flavus F. moniliformis

Fig. 13. Extent of Aspergillus and Fusarium contamination in field and
market samples of sorghum
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b) Characterization of Fusarium isolates

Mycotoxin producing ability of 70 isolates of Fusarium sp isolated
from sorghum grain samples from different locations were studied
under laboratory conditions. Pure culture of each Fusarium isolate
obtained by single spore isolation (Fig. 14B) was inoculated to
fungus free seeds of rabi cultivar M35-1 (rabi cultivar was used
to ensure Fusarium free healthy seed) and incubated at 28 oC for
3 days to establish grain infection (Fig 14C). Seed germination
was recorded to assess the effect of fungus on germination in
comparison to the control. The fungus infected seeds were stored
in paper bag at room temperature for 4 months and used for
mycotoxin estimation. The infested grains were used for toxin
extraction and estimation of fumonisin B1 (FB1), following standard
protocol.

Fumonisin B1 producing ability was highly variable among 70
Fusarium isolates. Toxin level varied from O - 87 ppm (Table 23).
Toxin production by majority of the isolates (94%) was within safety
limit (200 ppb). Thirty-two per cent (22 isolates) of the isolates

Fig. 14: (A) Pure culture of highly toxic Aspergillus flavus strain A112
(in set: Aspergills contamination in sorghum grain collected from market),
(B) Purification of Fusarium by single spore isolation and (C) Inoculation
and growth of pure culture of Fusarium on sorghum grain (right) and
control (left) for study of fumonisin producing ability of Fusarium isolates
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Name of

Table 22. Aflatoxins production by isolates of Aspergillus sp from sorghum

Mo Agetgs S Loton o colecion S cloron - nenslty of vy (11
1 A30 Market Guntur Dark green 3.0 (1.4)° 1371
2 A31 Market Guntur Yellowish green 2.0 (0.0) 59
3 A81 Market Mehaboob Nagar Dark green 3.0 (1.4) -1
4 A112 Market Mehaboob Nagar Dark green 3.5(0.7) 8003
5 A151 Market Lingampally, Hyd Yellowish green 3.0 (0.0) -4
6 A103 Market Samshabad, Hyd Olive green 3.0 (0.7) -1
7 A104 Market Samshabad, Hyd Olive green 4.5 (0.7) 5152
8 A60 Market Malakpet, Hyd Yellowish green 3.0 (1.4) 655
9 A64 Market Malakpet, Hyd Yellowish green 4.0 (0.0) 1900
10 A125 Market Erragadda, Hyd Dark green 3.5(0.7) 2275
11 A133 Market Erragadda, Hyd Olive green 3.5 (2.1) -1
12 A256 Market Indore Yellowish green 3.5(0.7) 0
13 A41 Brewery Mumbai Dark green 3.0 (0.0) 1
14 A42 Brewery Mumbai Dark green 4.0 (0.0) 6766
15 A74 Brewery Indore Yellowish green 4.5 (0.7) 2865
16 A254 Field Indore Dark green 4.0 (1.4) -2
17 A250 Field Nalgonda Yellowish green 3.5(0.7) 8
18 A252 Field Rajendranagar Yellowish green 2.0 (0.0) 2
19 Control - - - - -1

3Saboured dextrose amended with 0.3% beta-cyclodextrin °Figures in the parenthesis are standard deviations 20 ppb is the safety limit of aflatoxin
as per the CODEX committee; Hyd-Hyderabad

Table 23. Fumonisin production by isolates of Fusarium sp from sorghum

Name of Colony characters®
SNo.  Fusarium Location of collection ~ Source of ] b
Isolate sample  Diameter  qeyqyre Edge Color (Hg/ k)
(mm)
1 F18 Osmanganj, Hyderbad Market 67 Cottony Entire Light Pink 39894.1
2 F19 Osmanganj, Hyderbad Market 62 Cottony Entire Light Pink 44677.6
3 F35 Guntur Market 58 Cottony Entire Light Orange 86665.5
4 F36 Guntur Market 46 Cottony Feathery Light Pink 452.5
5 F55 Rajendranagar, Hyderabad  Field 55 Powdery Feathery Dark Pink 164.1
6 F76 Mehboobnagar Market 55 Powdery Feathery Light Orange 143.7
7 F83 Mehboobnagar Market 40 Cottony Entire Light Pink 71.4
8 F85 Mehboobnagar Market 45 Powdery Feathery Dark Pink 47.6
9 F86 Mehboobnagar Market 40 Powdery Feathery Light Orange 53.8
Correlation (r) with FB1 production +0.130  +0.334* -0.181 +0.030 1.000

30n 1/4th strength potato dextrose medium incubated at 28 °C for 7 days °On sorghum grain inoculated with pure culture of Fusarium sp
* Significant at 1% level of significance
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were non-toxic and could not produce any FB1. However, there
were 4 isolates which were highly toxigenic and produced FB1
(452 - 86667 ppb) much above safety limit. Interestingly all the
toxic isolates were isolated from grain samples from various
markets and none of the isolates from field (7 isolates) and brewery
(6 isolates) were toxigenic. The strain F35 produced 87 ppm AfB1
and was the most toxic among the isolates. This variation in level
of toxin production is purely due to variation among fungal strains
as the substrate and growing environments were same for all the
isolates. Correlation studies of colony characters of 70 isolates
with its fumonisin producing ability revealed that colony texture
had some relations with fumonisin productions (r= 0.334, p=
0.01) (Table 23). Many isolates with cottony or powdery growth
and pink color colony on PDA generally produced fumonisin,
whereas densely growing (compact growth) with yellow, purple or
dark red color colony were non-producer of FB1. Studies on more
number of isolates will give better indications about the phenotype
of toxigenic Fusarium. Morphological and toxin studies on another
240 isolates are in progress. Morphological and toxicological
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studies will be followed by molecular characterization of the isolate
to facilitate identification of toxigenic Fusarium in sorghum.

Sweet sorghum research

Genetics of sugar content in sorghum stalk

To understand the genetics of sugar content in sorghum stalk, 6
families of 2 crosses i.e. 27 B x Kellar and 27 B x BJ 204 were
evaluated for days to flower, plant height, cane yield, brix, Juice
extraction, non reducing sugars and grain yield, and analyzed for
generation mean analysis.

The mean performance of families showed that the F, in both
crosses for high brix and sucrose content in stalk was tending
towards P, (higher sucrose content parent) implying these traits
to be dominant for higher content. However the mean value of F,
for cane and juice yield showed over dominance for the traits
(Table 24). The frequency distribution studies showed that both
brix and sucrose content are polygenic in nature (Figure 15).
Generation mean analysis showed predominant additive gene

Table 24: Means of the families for brix, sucrose, cane yield
and juice content in sorghum

Family Brix % Sucrose % C(Zl}gllﬁl)d ]u(iﬁfl /;?:;f)nt
27 B x Kellar
P1 12.47 7.68 132.25 18.83
P2 19.20 16.47 325.00 88.83
F1 17.86 14.32 415.83 106.81
F2 17.15 13.24 299.56 75.8
BC 1 13.50 9.07 323.70 84.63
BC2 18.51 15.37 368.7 108.14
SE 0.68 0.84 22.44 7.98
27 B x Bl 204
P1 12.47 7.68 132.25 18.83
P2 21.83 18.07 412.67 100.50
F1 20.53 16.78 495.83 169.86
F2 19.41 14.99 312.94 95.15
BC 1 16.61 12.38 323.30 109.54
BC2 20.68 17.32 452.59 161.11
SE 0.47 0.52 20.15 9.03
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Table 25. Estimates of gene effects for brix, sucrose content,
cane yield and juice content in sorghum

Gene effects Brix Sucrose Cane Yield Juice Yield
27 B x Kellar
M 15.6 11.55 52.82
D -3.54 -4.93 -93.46 -33.78
H 2.21 2.69 54.56
| 229.9
J
L -387.54
27 B x B) 204
M 17.5 12.91 -82.29
D -3.73 -5.12 -135.81 -41.1
H 2.71 415 757.52 457.64
| 270.7 142.19
J
L -261.69 -205.48

100 1

80 1

60 1

40 4

No. of plants

20 4

0 T T T T T T —v

9to 10 11to12  13to14  15to16 17to18 19to20 21t022 23to24

Brix %

No. of plants

2.1-40 41-6.0 6.1-8.0 8.1-10.0 10.1-12 12.1-14 14.1-16 16.1-18 18.1-20 20.1-22

% Sucrose

Figure 15. Frequency distributions of F, for brix and non-reducing sugars in cross I: 27 B x Kellar

action for traits, sucrose and brix, in stalk juice (Table 25). However,
for cane and juice yield, dominance gene action and dominance x
dominance gene interaction were of higher magnitude in both the
crosses. Since the traits important for high sugar content are
having dominance and over-dominance inheritance, utilization of
hybrid vigour by developing sweet sorghum hybrids is an attractive
option. Also, one of the parents with high sucrose content will
suffice in getting good hybrid with high sugar and juice yield.
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Sweet sorghum stalk yield and quality reduction under staggered
planting in rabi season

Sweet sorghum is an important dryland crop produced mainly for
biofuel (bioethanol and electricity)-cum-grain purposes in India
and around the world. Much of the past research had focused on
sweet sorghum grown in rainy or kharif season only. The fresh
stalk yields obtained under kharif long day and high temperature
conditions are generally around 35-40 t ha-1. The occurrence of



intermittent and well-distributed rains during rainy season
combining high temperatures during kharif season normally results
in higher yields.

In general, sorghum during rabi season (rabi sorghum) is planted
in the contiguous areas of mid-west Maharastra, northern
Karnataka and north-west Andhra Pradesh with stored soil
moisture mainly for grain and stover purposes. In view of growing
importance of sweet sorghum as an alternate feedstock for
bioethanol production, several sugar mills and distilleries are
evincing keen interest in growing this crop during all seasons viz.,
kharif, rabi and summer in order to use their off season crushing
period of sugarcane for sweet sorghum processing for ethanol
production. Information on sweet sorghum adaptation, phenology,
and fresh stalk yield potential and quality of juice are inadequately
available under staggered planting of rabi situation (October-
December).

The objective of the current experiment was to study the effect of
different planting dates on phenology, fresh stalk yield and its
quality, grain and biomass production. The study also has aimed
at identifying correct planting window for sweet sorghum, besides,
recommending suitable cultivars for sugar and alcohol
agroprocessing industries.

Four sweet sorghum cultivars i.e. NSSH 104, RSSV 9, PAC 52093
and SSV 84 were planted in 16.8 m? plots with 7 rows of 4 m
length each from 9th November 2004 to 15th January 2005 at
fortnightly intervals. The spacing adopted was 60 x 15 cm. The
experiment was laid out in a split-plot design using five sowing
dates (9th Nov, 25th Nov, 14th Dec, 31st Dec 2004 and 15th Jan.
2005) as main plots and four cultivators as sub-plots. The sowing
was done on clay loam soil (1.0 m deep) having field capacity
38.6% and wilting point of 18.5%. Fertilizer dose of 100:50:0 N:
P: K kg ha-1, respectively was applied. Half of 'N' and entire P
was applied as basal, while remaining half of 'N' was side-dressed
at about 35-40 DAS i.e. panicle initiation stage. The crops were
raised under limited irrigated conditions and maintained always
around field capacity. Thus, the crops received about 3-5 irrigations
depending upon soil moisture availability the ET demand.

Phenolgy : Variation in days to flowering and maturity was
significant across the sowing dates and among the cultivars (Table
26). In general, as sowing date increased from November to
January the days to flowering and maturity advanced. The average
flowering delay was 5, 13,21 and 21 days respectively for 25th
Nov, 14th Dec, 31st Dec 04 and 15th Jan. 05 over 9th Nov. There
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was no difference in flowering observed when the crops sown on
31st Dec. and 15th Jan. Similar trend was also observed in case
of days to maturity across the sowing dates. RSSV 9 was the earliest
in days to flowering and stable across the sowing dates. The
flowering range observed among the cultivars of Nov. sown crops
was 83-96 days, while the corresponding values for December
sowings was 68-79 days. Interestingly, the flowering of all cultivars
was almost similar (68-72 days) when crops sown on 31st Dec.
and 15th Jan. because of shorter day length and low temperatures
prevailing during that period. The total leaves produced differed
significantly across sowing dates and among the cultivars.

Fresh stalk yields : Fresh stalk yields at physiological maturity varied
significantly across sowing dates and among the cultivars. Mean
fresh stalk yield of crops sown on Nov. 9th, Nov. 25th, Dec. 14th,
Dec. 31st and Jan. 15th 2005 was 23.6, 26.4, 19.6, 16.9 and
23.8 t/ha respectively (Figure 16). There was 26 and 36%
reduction in fresh stalk yield observed in Dec.14th and Dec.31st
sown crop respectively, over Nov. 25th crop. The differences in
fresh stalk yield were statistically significant. Similarly, the fresh
stalk yield reduced by 14 % in Dec. 31st sown crop over Dec.
14th sown crop but the difference was not statistically significant.
On the other hand, the fresh stalk yield of Jan. 15th sown crop
had significantly increased by 29 % over preceding Dec. 31st
crop but it was on par with Nov. 9th and 25th sown crops.

Mean cultivar fresh stalk yields across sowing dates ranged
from17.1 to 25.1 t ha-1. SSV 84 (mean: 17.1 t ha-1) recorded
significantly lowest fresh stalk yield than rest of the cultivars.
PAC52093 (mean: 25.1 t ha-1) recorded 10 % more fresh stalk
yield than NSSH 104 (mean: 22.5 t ha-1) but its yields are on par
with RSSV 9 (23.5 t ha-1). Interaction effects between sowing
dates and cultivars were not significant.

l- NSSH 104 m RSSV9 B SSV84 m PAC 52093 -SM‘
85
30
= 25
<
=2
k-3 -
e 20
=
x
s 15 +
»
10 1
5 —
0 —
9th Nov 25th Nov 14th Dec 31st Dec 15th Jan
Sowing dates

Fig.16: Sweet sorghum fresh stalk yield as influenced by fortnightly
staggered planting in rabi season
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Table 26. Phenology,leaf number and plant height variation
due to staggered planting of sweet sorghum in rabi

Time to panicle initiation(days)
Cultivar / Sowing

(EI st 2 3 s4 S5
NSSH 104 54.7 52.0 50.0 42.7 42.0
RSSV 9 47.0 47.0 44.0 40.3 39.3
SSV 84 58.0 55.3 54.3 48.0 43.3
PAC 52093 54.3 54.3 53.3 483 443
SM 53.5 52.2 50.4 44.8 423

S Em (D V(%)
+ (0.05)
Sowing date 0.47 1.08 1.6
Cultivar 0.29 0.59
Cultivar at same date of sowing 0.64 1.31
Sowing date with same or different 0.87 1.88
cultivar

Time to 50% Flowering( days)

(0 S1 S2 S3 S4 S5 M

48.3 90.3 85.7 77.7 68.3 69.7 78.3
43.5 80.7 82.7 743 68.0 65.3 74.2
51.8 95.7 86.3 78.3 70.7 69.7 80.1
50.9 94.7 87.3 78.7 68.7 723 80.3
48.6 90.3 85.5 773 68.9 69.3 78.3

SEm M V(%)
+  (0.05)
026 060 12
034 069
075 153

059  1.22

Main treatments: Sowing dates (S) : S1= 9 November, 2004: S2= 25 November, 2004, S3= 14 December, 2004,

S4= 31 December, 2004, S5= 15 January, 2005
Sub treatments: NSSH 104, RSSV 9, SSV 84 and PAC 52093
SM: Sowing mean; CM : Cultivar mean

In Nov.9th and Nov 25th sowings, PAC 52093 gave 18 and 8.3 %
more fresh stalk yield than RSSV 9. In subsequent sowing dates
viz., Dec.14th, Dec.31st 2004 and Jan.15th 2005, the fresh stalk
yields of PAC 52093 were on par with RSSV 9 and both the cultivars
have shown stability in fresh stalk yields across the sowing dates.
The fresh stalk yield ranged across sowing dates was 19.7-29.2 t
ha-1and 19.6-26.6 t ha-1 for PAC 52093 and RSSV 9, respectively.
Cultivar SSV 84 recorded lowest fresh stalk yield (range: 14.8-
21.2 t ha-1) across sowing dates.

Juice extraction : Juice extraction at physiological maturity varied
significantly among sowing dates and cultivars (Table 27). The
difference in extraction from Nov. 9th sowing to Dec. 31st sowing
was marginal. It was 14 % higher for Jan. 15th sown crop over
preceding dates. The extraction was across sowing dates was
ranged from 36.7 to 42.5 %. Among the cultivars, PAC 52093
recorded highest mean extraction of 43.3 % followed by NSSH
104 (40.4%). Furthermore, PAC 52093 had recorded about 9 to
10 % more juice extraction over SSV84 and NSSH 104. On the
other hand, RSSV 9 recorded lowest extraction of 31.9 % across
sowing dates. The interaction effects between sowing dates and
cultivars were non significant.

Juice yield (KL ha'") : Juice yield differed significantly among sowing
dates and cultivars. It ranged from 5.3 (Dec. 31st) to 8.5kL ha”
(Nov. 25th) (Table 27). luice yield reduced from November to
December sowings with an increase again in January sowing. The
trend in juice yield was similar to that of fresh stalk yield across
sowing dates. Interestingly, the reduction in juice yield in
Dec. 14th, Dec. 31st and Jan. 15th sowings was 29, 38 and 20%,
respectively, over November sowings. Among the cultivars, mean
juice yield varied from 5.2 (SSV 84) to 8.9 KL ha™' (PAC 52093).
PAC 52093 followed by NSSH 104 recorded highest juice yields. In
general, the juice yield was highest in November sowings than
December and January sowings. Cv PAC 52093 has recorded 16,
27 and 42% higher juice yield over NSSH 104, RSSV 9 and
SSV 89, respectively. Interaction effects between sowing dates
and cultivars were significant.

Evaluation of sweet sorghum A and B lines of for stalk and
sugar traits

Twenty two entries comprising 11 pairs of A and B were evaluated
during kharif 2006 to identify superior one for brix, coupled with
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Table 27: Juice yield and extraction variation due to staggered
planting of sweet sorghum in rabi

Cultivar / Sowing luice yield ( KL ha-1) at phy. maturity

Juice extraction (%) at phy. maturity

date
S1 S2 S3 S4 S5 ™ S1 S2 S3 S4 S5 ™
NSSH 104 8.0 10.3 6.8 5.4 6.7 7.5 39.4 441 40.1 39.2 39.4 40.4
RSSV 9 6.6 6.6 5.6 6.3 7.3 6.5 30.0 30.7 29.2 31.8 37.8 31.9
SSV 84 6.3 6.9 4.1 3.5 5.1 5.2 35.5 37.9 35.0 42.5 46.0 39.4
PAC 52093 12.6 10.4 7.6 6.0 8.1 8.9 421 443 43.2 40.2 46.8 433
SM 8.4 8.5 6.0 5.3 6.8 7.0 36.7 39.3 36.9 38.4 42.5 38.8
S Em (D CV(%) S Em M V%)
+ (0.05) + (0.05)
Sowing date 0.4 0.9 17.3 1.7 3.8 10.1
Cultivar 0.4 0.9 1.4 2.9
Cultivar at same date of sowing 1.0 2.0 3.2 NS
Sowing date with same 0.9 1.8 3.3 NS
or different cultivar
Main treatments: Sowing dates (S) : S1= 9 November, 2004: S2= 25 November, 2004, S3= 14 December, 2004,
S4= 31 December, 2004, S5= 15 January, 2005
SM: Sowing mean; CM : Cultivar mean
high stalk yields. The days flowering ranged among the entries
were 62-74 days. Significant differences were observed for stalk 25
yields and its components (Fig. 17). Stalk yield, plant height ranged : WSk Brix(%) Wstakyiedtna) :

from 8.0-22.0 t/ha, and 107-181cm ICSA 502 and ICSB 502, ICSA
474 and ICSB 474, and ICSA 264 and ICSB 264 had recorded
superior stalk yields than check ICSA 38 and ICSB 38.

Brix values ranged from 7.4 to 17.6%. ICSA 52 and ICSB 52
(16- 17% brix), ICSA 560 and ICSB 560 (15-18%) and ICSA 675
and ICSB 675 have recorded higher brix than others. ICSA 52 and
ICSB 52, ICSA 264 and ICSB 264 and ICSA 675 and ICSB 675 had
recorded a combination of both moderate to high brix (14- 17%)
and fresh stalk yields (17- 22 t/ha). On the other hand, ICSA 560
and ICSB 560 although recorded high brix (15-18%), its stalk
yield was lowest (8.0- 8.4t/ha) among the entries. Hence,
development and identification parental lines possessing high brix
combining moderate to high stalk yields are desirable in sweet
sorghum improvement.

A re-look into sweet sorghum's potential for bioethanol production
- Current Vs Future

A re-look into the current prospects of sweet sorghum stalks for
bioethanol production was made with help of a survey of sweet
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Sweet sorghum A and B lines

Fig.17: Variation in brix and stalk yield among the
A and B lines of sweet sorghum

sorghum farmers, technocrats and managers involved in
development and popularization of sweet sorghum at Sagar sugars
Ltd, Chittoor as a part of pilot scale study undertaken jointly with
NRCS, Hyderabad.

Economics of molasses (existing feedstock) based ethanol
production varied a lot vis- a-vis sweet sorghum due to lowering
of its prices compared with last year prices. A comparitive picture
of per litre ethanol has been worked out at variable molasses
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Table 28: Economics of bioethanol from molasses, March 2006

S.No. ltems Case 1 Case 2 Case 3
1 Molasses raw material base price (Rs/t) (assumed) 1000 2000 3000
2 Central excise duty+ sales tax (Rs/ t) 1100 1100 1200
3 Cost of raw material (Rs/ t) 2000 3100 4200
4 Cost of raw material in Rs / litre 8.90 13.50 18.67
5 Processing cost in Rs/ litre 5.50 5.50 5.50
6 Per litre cost of ethanol in Rs 14.40 19.00 24.17

Current fixed price of ethanol is Rs 18.50/litre; 1 tonne Molasses = 225 litre of Rs (94.7% alcohol)
7 Processing cost from molasses to RS Rs 3.00
8 Processing cost from RS to ethanol dehydration) - 99% alcohol Rs. 2.50
9 Total processing costs Rs 5.50

Source: NRCS, Hyderabad

pricing starting from a base Rs 1000/tonne (Table 28). Per litre
cost of ethanol varied from Rs 14.40- 24.17 based on different
molasses prices.

Similarily per litre cost of ethanol was worked out with variable
sweet sorghum cane cost starting from Rs 500/tonne as M/s
Sagar sugars Ltd, Chittoor have paid to contraced sweet sorghum
farmers in 2004-05 and their proposal to raise it to Rs 700/
tonne in the ensuing year which includes transportation costs.
Ethanol cost ranged from Rs 12.00- 24.29 /litre based on recovery
levels (Table 29). Output price of ethanol is Rs. 18.50/litre. So far
the recovery levels based on big mill test conducted at their factory
premises gave a recovery around 37 litres/tonne. Though it is
expected to yield higher recovery when taken up on commercial

scale and if the technlogy is of latest such as defuser type, the
recovery is expected around 45 litres. However, all the situations
may not be favorable, hence it would be better to have a clear
picture of its economics under variable recovery situations as
worked out.

It appears as expressed by distillery management that current
ethanol price is not remunerative as the cost of production of
ethanol has break -even output with both raw materials viz.,
Molasses and sweet sorghum cane and they wanted it should be
enhanced to atleast Rs 21.00/litre as they can pass on benefits of
profit to farmers in the long run. It is unlikely that the ethanol
price could be enhanced as the petrol lobby is powerful to counter
ISMA efforts in raising the ethanol price.

Table 28: Economics of bioethanol from molasses during 2004-07

ltems

Raw material cost (includes transport cost) Rs per tonne
Processing cost Rs /tonne

Total cost of production including transport Rs/tonne

Cost of production of ethanol in Rs/litre at VARIABLE RECOVERY
1. @ 35 litre/tonne

2. @ 40litre/ tonne

3. @ 45 Litre / tonne

4, @50 litre/ tonne

Source: Sagar sugars Ltd, Chittoor
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2004-05 2005-06 2006-07
500 650 700
100 100 100
600 750 850

17.14 21.42 24.29
15.00 18.75 20.00
13.34 16.67 17.78
12.00 15.00 16.00
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Table 30: Economics of bioethanol from sweet sorghum

ltems

Cultivars grown

Procurement cost in Rs/tonne
Transport cost in Rs/tonne
Cost of cultivation in Rs/ha
Cost of cultivation in Rs/tonne
Cane yield in tonnes/ha

Grain yield in g/ha

Gross returns in Rs/ha

Net returns Rs/ha

Net returns Rs/tonne

Output - input ratio

*-projected

2004-05 2005-06 2006-07
SSV-84 Praj/Urja/RSSV-9 Urja/Praj-1
400 550 600
100 100 100
17820/- 15429/- 15000/-*
356 281 240
50 55 55
20 16 20
34000/- 37450/- 42000/-
16180/- 22021/- 27000/-
323 400 491
0.91 1.43 1.8

Source: data analysis based on farm survey of seet sorghum cultivation in Chittoor, 2006 , NRCS, Hyderabad

Cost of cultivation: About 30 contracted farmers have been
interviewed in 2006 to enquire the profitabilty of sweet sorghum
in their farms. During 2005-06 factory paid Rs 550 excluding
transport per tonne to sweet sorghum farmers, now this year
they have enhanced it to Rs 600/tonne. The economics of cost of
cultivation of sweet sorghum has been so far remunerative, with
varieties such as SSV 84 is taken by hybrids and resulting in a
positive output-input ratio of 1.43 during 2005-06 and projected
to be around 1.8 in event of anticipated increase in per tonne
procurement price by the distillery in 2006-07 (Rs 600 / tonne
(excluding transport)) and the output attained is of atleast 55
tonne/ha. Farmers are in general willing to grow sweet sorghum
again as its economics are though not so high but sufficient to be
attractive.

Currently Urja variety stands out to be the most promising with
high brix over all the existing cultivars and higher purity. it has
additional desirable characters such as self detrashing and window
period is higher than Praj 1 or SSV 84. Though it yields 10-20%
lesser than Praj 1. Sagar sugars Ltd, Chittoor are planning for
300 acres of sweet sorghum cultivation for one month trial
commercial run of their distillery during Sept-Oct months in 2006.
Industry is keen to take up sweet sorghum if harvesting machine
and detrashing machinery is developed; the entire economics will
dramatically favor the sweet sorghum cultivation as currently Rs
2000-3000/acre are being paid for detrashing and harvesting
(comprising 35-50% of total cost of cultivation) alone. To conclude,
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Fig. 18: Interviewing sweet sorghum farmers
in Chittoor district

sweet sorghum has a good potential for bioethanol production,
however, it is away from commercial exploitation.

Food safety issues in utilization of sorghum

Shelf life studies of unprocessed food products of jowar

Three products coarse rawa, medium rawa and fine rawa were
prepared apart from fine flour required for bakery products. The
rawa is of very fine quality when it is prepared from pearled
sorghum. If the sorghum is not pearled after the grinding, the
rawa should be winnowed manually. The rawa of different kinds
has been separated by manual sieving using different standard
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sieves. Grinding was performed in laboratory grinding mill. Recovery
of the different grades of rawa was studied along with shelf life.
Significant variation was observed among the genotypes for the
recovery of the different products.

S.No. Genotype Coarse rawa(%)
1 C-43 26.0
2 CSV 14R 30.0
3 Parbhani Jyothi 28.0
4 SPH 1449 31.0

week when kept open in polythene bags without sealing. A
systematic study on shelf life is desirable along with a suitable
genotype for making these products. The hybrid SPH 1449 followed
by CSV 14R and Parbhani lyothi for fine rawa production.

Mycotoxin analysis in sorghum grain samples

In the year 2005-06, a total of 552 sorghum samples were
collected for the evaluation of aflatoxins and fumonisins as well as
isolating the Aspergillus and Fusarium fungi. The samples included
collection from farmer fields, research farms, farmer storage
structures, market, poultry/cattle feed units, brewery and distillery
units. The samples were collected from the major sorghum growing
States such as Maharashtra, Gujarat, Andhra Pradesh, Karnataka,
Rajasthan and Madhya Pradesh. The toxins were analyzed through
ELISA for aflatoxin B1 and Fumonisin B1 contamination.

Fumonisin contamination in sorghum: A total of 552 samples of
grain were extracted and 346 samples were estimated for fumonisin
(FB1) through ELISA. Out of 346 samples, 50.3 percent of the
samples were free from toxin (Fig.19). The toxin production in the
remaining samples ranged from 0.10 to 344.9 ppb. The highest
toxin level was recorded from the grain sample collected from
Akola and Udaipur locations. Only 3 samples (one each at
Hyderabad (221.156), Akola (344.873) and Udaipur(344.87))
have recorded the toxin, fumonisin above the safety limit (200
ppb fumonisin as per CODEX committee). However, toxin was far
below the safety level in these samples. The two samples from
feed units did not record toxin, FB1.

Aflatoxin contamination in sorghum: A total of 324 samples were
analyzed for aflatoxin B1 through ELISA. A wide range of variation
for aflatoxin content was observed. 32.71% samples were found
to be completely free of toxin and toxin was present at very low
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With regard to shelf life of these products the coarse rawa is
having good shelf life up to 45 days (6 weeks). The medium and
fine rawa are having shelf life for a period of 30 days when tightly
packed in polythene bags. These rawas have a shelf life for a

Medium rawa(%) Fine rawa(%) Flour(%)
44.0 11.4 18.7
40.2 14.4 14.2
42.0 14.0 16.0
40.0 18.0 11.0

H

100 4

M toxic

H non toxic

Field Market Feed units

Farmers

Fig. 19: Distribution of Fumonisin B1 in different
sorghum samples

concentrations (Fig. 20). However, only one sample collected from
Chitradurga, Karnataka state recorded high aflatoxin content
(129.4ug/kg) above the safety limit (20 pg/kg as per CODEX
committee). The samples from feed units were free from Aflatoxin
B1.

Study on the relation of grain mould and mycotoxin
production

A set of 22 field samples with varied intensity of mould incidence
were collected and evaluated for grain mould score and mycotoxin
(aflatoxin and fumonisin) content. The samples varied in grain
mould score from 2.1 to 5.0. The aflatoxin content varied from
0.107 to 2.963g/kg. The fumonisins ranged from 0 to 221.16pg/
kg. It was found that aflatoxins were positively correlated (0.356)
with mould score while fumonisins were not correlated.

Determination of toxigenicity in Aspergillus and Fusarium
isolates

Aflatoxin was analyzed by indirect competitive ELISA using
antiserum purchased from ICRISAT. (antibodies raised against AFB1
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Fig. 20: Distribution of Aflatoxin B1 in different
sorghum samples

BSA). Out of the 20 isolates of Aspergillus isolated from sorghum
grain samples 3 isolates were found to be non toxigenic. From the
rest of the 16 isolates aflatoxin was detected. The toxin produced
from these isolates varied significantly. Aflatoxin ranged from
0.031t0 9.06 Pg/Kg.The toxin content may vary when these isolates
infect sorghum grain.

Sorghum production and marketing

Production technology for rabi sorghum-based systems

1. Response of rabi sorghum to Moisture Conservation Practices
and Integrated Nutrient Management (INM).

Straw mulch resulted in highest grain yield (2185 kg per ha) of
rabi sorghum cv. M 35-1 compared to no mulch (1878 kg per ha)
(Table 31). One additional hoeing at 7th week was next best
producing 9 percent more grain yield (2073 kg/ha).Effect of
organic manure and INM was not significant, however,
vermicompost revealed maximum grain yield (2220 kg/ha) followed
by INM of 75% RDF + FYM @ 3 t/ha (2103 kg/ha) compared to
100% RDF (60 kg N + 30 kg P205 per ha) (2020 kg/ha).The
Vermicompost and INM of 75% RDF + 3t/ha FYM increased grain
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yield by 12.5 and 6.6 percent, respectively over farmers practice
(10 kg N+ FYM @ 3 t/ha) (1972 kg/ha) (Table 32).

2. Contingent plans for management of drought situation

The contingent plans comprised of plant stand manipulations
during drought. Skipping alternate rows resulted in highest grain
yield (1235 kg/ha) followed by paired planting of 45:90:45
(1213 kg/ha) compared to normal sowing (985 kg/ha) (Table
33). The increase in grain yield by skipping alternate rows was
25.4 percent over normal sowing. Thinning an alternate row at 55
DAS, revealed 11.7 t/ha of green fodder along with stover yield
4195 kg per ha and seed yield of 725 kg per ha and thus recorded
maximum gross monetary returns (Rs 13024 per ha) compared
to normal sowing (Rs 10195 per ha). Phule Maulee (RSLG 262)
gave highest grain yield (1156 kg/ha) followed by CRS-4 (1070
kg/ha), M 35-1(1037 kg/ha) were on and significantly superior to
(SV 18R (737 kg/ha).CSV-18R (SPV-1595) produced the highest
stover yield (8254 kg/ha) followed by M35-1 (5089 kg/ha), Phule
Maulee (4798 kg/ha) and CRS-4 (3916 kg/ha) (Table 34).

3. Evaluation of promising rabi sorghum genotypes for their yield
potential and fertility response in a rainfed environment (Shallow
soil) [7R (B)].

Promising new genotypes viz SPV-1626, SPV-1672, SPV 1588
and SPV 1591 were compared with CSV-14R, Phule Maulee and M
35-1 at three fertility levels of control, 50% RDF and 100% RDF
(40 kg N + 20 kg P205 per ha) (Table 35). SPV 1626 produced
highest grain yield (2116 kg/ha) followed by SPV-1591 (2098
kg/ha), Phule Maulee (2093 kg/ha) and SPV-1672 (1956 kg/ha)
which were on par with M 35-1 (1894 kg/ha). CSV-14R produced
the lowest grain yield (1203 kg/ha). Stover yield was maximum
with SPV 1588 (6944 kg/ha) followed by SPV-1626 (6357
kg/ha), CSV-14R (6172), Phule Maulee (5987 kg/ha) SPV

Table 31: Effect of Mulch on rabi sorghum yield

Treatments Grain Yield Stover Yield (kg/ Plant height (cm)  Grain wt. per Harvest Plant population
(kg/ha) ha) ear head (g) Index % (lakh /ha)
No mulch 1878 6661 209 37.4 19.4 1.053
Straw mulch 2185 6867 208 38.2 21.2 1.047
Soil mulch (2 hoeings) 2073 7227 212 35.8 20.0 1.131
SEm =+ 120.3 250 2.79 2.46 0.026
(D (0.05) NS NS NS NS -- NS
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Table 32: Effect of Integrated Nutrient Management (INM) on rabi sorghum yield

Treatments Gr(iig;/iﬂxe)ld Stover']YSId (kg/  Plant

Farmers Practice 1972 7150

75% RDF + 3t/ha FYM 2103 7252

75% RDF + 1.5t/ha 1955 6481
Vermicompost

100% RDF 2020 7098

FYM 6 t/ha 2010 7201
Vermicompost 3t/ha 2220 6327

SEm £ 106.0 250.0

(D (0.05) NS 731.0

1591(5956 kg/ha), M 35-1 (5678 kg/ha) and SPV-1672 (5061
kg/ha). 50% RDF and 100% RDF resulted in almost similar grain
yield (1930 and 1945 kg/ha, respectively) and produced 7.4 and
8.2 percent higher grain yield compared to control
(1796 kg/ha).

height (cm)  Grain wt. per Harvest Plant population
ear head (g) Index % (lakh /ha)

208 341 19.9 1.115
212 37.1 19.7 1.069
210 36.4 20.3 1.033
218 37.8 19.3 1.071
208 39.0 19.8 1.145
204 38.4 22.4 1.031

6.5 2.38 - 0.023

NS NS - 0.0673

4. Studies on effect of tillage and organic manure on rabi sorghum

Yields and growth of rabi sorghum is M35-1 were not influenced
significantly due to tillage treatments. However deep ploughing
increased grain yield by 9.8 percent and stover yield by 5.1 percent
compared to Shallow tillage. Effect of various organic manures

Table 33: Yield and monetary returns at various contingent plans for Drought

Treatments

Normal Sowing

Skipping alternate rows

Paired planting 30:60:30

Normal sowing + Harvesting fodder 55 DAS
Paired planting 45:90:45

SEm £

(D (0.05)

Grain Yield Stover Yield Gross Monetary Return

(kg/ha) (kg/ha) (Rs/ha)
985 6596 10195
1235 4658 10974
842 6437 9108
725 4195 13024
1213 5684 11336
97.7 471.0 -

318.5 1535.7 -

Table 34: Yield and gross returns of different genotypes

Treatments Gzziglgf)ld
(RS-4 1070
CSV-18R 737
Phule Maulee 1156
M35-1 1037
SEm £ 63.0
(D (0.05) 182.2
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Stover Yield Gross Monetary
(kg/ha) Return (Rs/ha)
3916 10510
8254 10500
4798 11678
5089 8816

304 -
877 -
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Table 35: Effect of fertility levels on rabi sorghum genotypes under rain fed conditions

Treatments Gr&g‘/r:j'd St(()l\:;/rhﬁfld
Control 1796 5766
50% PDF 1930 6163
100% RDF 1945 6137
SEm + 81.5 397.7
(D (0.05) NS NS

viz. green manuring of Sunhemp and Dhaincha and Glyricidia on
plant height, grain and stover yields was not significant compared
to no organic manure (Fallow - rabi sorghum). However,
incorporation of glyricidia @ 3t/ha resulted in maximum grain
yield (1817 kg/ha) followed by green manuring of Dhaincha
(1724 kg/ha) and Fallow - rabi sorghum (1703 kg/ha). Green
manuring of Dhaincha ( Sesbenia aculeta) revealed maximum stover
yield (4325 kg/ha). Green manuring of Sunhemp (Crofolaria
Juneca) however registered lower grain yield (1658 kg/ha) and
stover yield (3782 kg/ha).

Seed viability potential of new SPV and SPH entries in AICSIP
2005 trials

50 entries of new SPV and SPH numbers in AICSIP trials 2005
were evaluated for their vigor and viability potential under ambient
conditions to identify better storers over a period of one year for
the seeds stored in cloth bags, 700 gauge polythene bags.
Tri-monthly observations on seed samples were taken to assess
vigour and viability patterns. The 75 g seed samples were packed
in cloth and polythene bags. The cloth bags were hand sewn while
the polythene bags were heat-sealed. Five units of each container,
for each variety and for seeds from each portion of the ear head
were kept in seed storage room under ambient atmosphere for
ten months. Seed samples collected at bimonthly intervals were
evaluated for seed vigor and viability.

In ten-month storage period, the initial germination percent was
91.2 per cent, which declined to 70.7 per cent at the end of the
storage period. Similarly, root length (16.5 to 16.05 per cent),
shoot length (20.1 to 19.2 per cent), vigour index (1535 to 1251),
dry weight of seedlings (127 to 122 mg), starch (67.4 to 66.7
per cent), protein content of seeds (11.2 to 10.2 per cent) and
dehydrogenase activity in seeds(0.41 to 0.22 0.D) also declined
significantly. But, electrical conductivity of seed leachate (53 p
mhos/cm to 132 p mhos/cm), sugars in seed leachate
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Plant height Grain Wt. per Plant stand
(cm) Ear head at harvest
190 36.5 88713
195 36.8 91213
191 37.7 90546

3.46 2.50 2944
NS NS NS

(179 to 429 pg) and amino acids in seed leachate
(70 to 285 Lg) increased significantly due to extensive leaching
of solutes in seed steep water.

The percent viability is an excellent index of growth potential of
surviving seeds, irrespective of the factors responsible for the
loss of viability. In the present study, decline in germination was
noticed in all the varieties, but the rate of decline varied with
different harvest treatments and containers. It has been said that
seed lots of the same kind, variety, chronological age and
germination, however, do not store well equally under same
conditions. Species differ with respect to loss of viability during
storage and with in species, varieties also differ. Decrease in
germination accompanied by root length, shoot length and dry
weight of seedlings was evident with advancing storage period.
However, the rate of decrease was rather gradual in moisture
impervious container; whereas it was faster in the moisture
pervious container. Therefore, it can be concluded that seed
deterioration in storage may be either due to negative relationship
between moisture content and germiability or the phenomenon of
ageing associated with irreversible physical, physiological and
biochemical changes occurring in them.
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Fig. 21 : Effect of containers on seed viability of new entries
in AICSIP 2005
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Seeds stored in polyethylene bag (C2) recorded higher values
than seeds stored in cloth bag (C1) for germination (C2: 84.9 and
(C1: 83.05 per cent) (Fig 21), root (C2: 16.53 and C1: 16.28 cm)
and shoot length (C2: 19.63 and C1: 19.53 cm), dry weight of
seedlings (C2: 129.78 and C1: 129.5 mq), vigour index (C2: 1427
and C1: 1392.6), starch (C2: 68.25 and C1: 68.15 per cent) and
protein content of seeds (C2: 10.72 and C1: 10.68 per cent) and
dehydrogenase activity (C2: 0.32 and C1: 0.31 0.D) with lower
values for electrical conductivity (C2: 77.27 and C1: 77.73
U mhos/cm), sugars (C2: 297 and C1: 299.66 g) and amino
acids in seed leachate (C2: 137.6 and C1: 140.33 |ig) indicating
the superiority of moisture vapour proof container in preserving
seed quality. This is expected because the seed packed in cloth
bag is influenced by prevailing temperature and relative humidity,
whereas those in polythene bag by temperature alone.

Seed treatment with fungicide and insecticide (Captan, and
Malathion) improved seed germination, vigour and viability of seeds
in storage (Fig. 22). Treated seeds (T2) recorded higher values
than untreated seeds (T1) for seed germination (T2: 87.3 and
T1: 82.76 per cent) , root length (T2: 16.9 and T1: 16.52 cm),
shoot length (T2: 19.77 and T1: 19.36 cm), dry weight of seedlings
(T2:129.28 and T1: 127.16 gm), vigour index (T2: 1322 and T1:
1274), starch (T2: 68.45 and T1: 67.93 per cent) protein contents
of seeds (T2: 10.93 and T1: 10.56 per cent) and dehydrogenase
activity (T2: 0.33 and T1: 0.30 0.D); in addition to decreased
electrical conductivity of seed leachate (T2: 75.13 and T1: 79.88
U mhos/cm), and sugars (T2: 294.5 and T1: 306.17 pg) and
amino acids (T2: 132.33 and T1: 145.3 jg) in seed leachate.

Investigations on the influence of mold severity and
agro-ecology in relation to seed vigor and viability

To study effect of mold severity and environment on seed quality
through the identification of mold tolerant genotypes and traits
that may aid in mold tolerance and better seed quality, the seed
material from 52 entries has received following treatments in the
field screening done during 2003.

Tr?]fr';‘:"t Treatments/ Environments experienced by seeds

NC Crop grown under natural conditions

SP Crop shelter protected (no rain) throughout (control)

MF-PM Seeds exposed to mist from flowering to
physiological maturity

MPM-PPM  Seeds exposed to mist from physiological maturity

to post-physiological maturity
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Fig. 22: Effect of seed treatment on seed viability of
new entries in AICSIP 2005

Grain hardness and rate of water absorption

The grain hardness was lowest in the treatment MPM-PPM (5.02
kg/cm2) followed by NC (6.53 kg/cm2), MF-PM (6.65 kg/cm2)
and SP (6.91 kg/cm2). Among the genotypes SWARNA (4.27 kg/
cm2) recorded lowest grain hardness followed by BULKY (4.84
kg/cm2). The genotype 1525017 (7.69 kg/cm?2) recorded highest
grain hardness followed by RS29 (7.49 kg/cm2) and 1523599
(7.28 kg/cm2).

The water absorption was lowest in treatment MPM-PPM (0.17%)
followed by NC (0.21%), MF-PM (0.219) and SP (0.23%). Among
the genotypes the genotype ICSV 89102 recorded lowest water
absorption (0.11%) followed by ICSV 96101 (White) (0.12%).
The genotype 153443 recorded highest water absorption (0.40%)
followed by 1518756 (E35-1)(0.36%).

Seed germination in cold test and Electrical conductivity of seed
leachate

The seed germination in cold test was lowest in the treatment
MPM-PPM (40.7%) followed by NC (40.9%); MF-PM (43.33%)
and SP (47.12%). Among the genotypes 296B recorded lowest
germination (17%) followed by IS 3443 (17.9%). The genotype
ICSV88002 recorded highest germination (77.8%) followed by
SPV386/ICSV108 (64.6%) ICSV91008 (61.7%) and IS 18552
(SC108-3) (61.0%).

The electrical conductivity was lowest in the treatment MPM-PM
(143.81 mhos/cm) followed by NC (148.95 mhos/cm), MF-PM
(150.30) and SP (152.67 mhos/cm). Among the genotypes
IS14332 (83.50 mhos/cm) recorded the lowest Electrical
conductivity followed by IS 14384 (93 mhos/cm). The genotype
IS23599 (220.50 mhos/cm) recorded the highest Electrical



conductivity followed by RS29 (217.25 mhos/cm) and 296 B
(215.25 mhos/cm).

Mold severity and endosperm character

Over all grain mold scores as influenced by environment in which
they were grown indicated that the mold score, irrespective of
genotypes, was maximum in MPM-PPM followed by NC, MF-PM
and mold severity was lowest in SP. The genotype BULK-Y recorded
highest grain mold score across treatments among all the
genotypes. The mold score was lowest in SP (2.6) followed by MF-
PM (4.7); NC (6.1) MPM-PPM (6.1). Among the genotypes CSV
15 and RS29 recorded the lowest mold score (2.0) followed by
IS14332 and 1S18758(E35-1)(2.1). The genotype BULK-Y
recorded the highest mold score (7.7) followed by 1518467
(GPR148) (7.2).

The floury endosperm percentage was highest in the treatment
MPM-PPM(72%) followed by NC (73%), MF-PM (74%) and SP
(74%). Among the genotypes, the genotypes 1S14384 recorded
lowest floury endosperm percentage (51%) followed by SPV 386/
ICSV108 (53%). The genotype CSV4 (CS3541) recoded highest
floury endosperm percentage (93%) followed by PMS7B (90%).

The corneous endosperm percentage was recorded lowest in the
treatments MF-PM and MPM-PPM (26%) followed by NC (27%),
SP (28%). Among the genotypes, the genotype CSV4(CS3541)
recorded lowest corny endosperm percentage (8%) followed by
PMS7B (10%). The genotype ICSV 88002 recorded highest corny
endosperm percentage (56%) followed by IS18758 (E35-1)
(55%).

Dehydrogenase activity in seeds

The dehydrogenase activity was lowest in the treatment MPM-
PPM (0.37) followed by NC (0.42), MF-PM (0.425) and SP (0.88).
Among the genotypes ICSV88002 and ICSVY91008 recorded lowest
dehydrogenase activity (0.30) followed by 153443 (0.31) the
genotype 296B recorded highest dehydrogenase activity (1.19)
followed by C43 (1.1).

In conclusion, it is evident that the seed undergo deterioration
under natural conditions (NC) and ai elevated relative humidity
(MF-MPM and MPM-PPM) experiencing the vagaries of climate
and the impact of incidental rain at harvest to induce seed with
mold infection and the resultant loss in seed quality. In shelter
protection (SP) the seeds at flowering and harvest are protected
from grain mold and the seed quality will have better germinability,
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vigour and viability. With higher relative humidities at flowering,
physiological maturity and post physiological maturity the seed
germinability, filed emergence, germination loss, rate of
germination indices and biochemical traits in seeds get deteriorated
due to fungal infection and such seeds will not have acceptable
seed quality and marketability. Hence seed systems should avoid
such areas for seed production or must standardize suitable
planting windows so that harvested seeds will have better innate
seed quality components for profitable seed production.

Studies on seed quality management in relation to grain molds

The experiment was conducted with grain mold susceptible (296B),
tolerant (CSH16) and resistant (SVD9601) sorghum genotypes.
The panicles caught in frequent rains were sprayed with the
treatments |. Tilt 0.25% (fungicidal), Il. Garlic extracts IIl.
Commercial Pseudomonas (bio-agent), IV. Native Pseudomonas
(bio-agent), Vi Native Bacillus (bio-agent) and VI. Water (control)
at three stages with 15days intervals after 50% flowering. The
treated panicles were harvested on 3rd November 2005. The seed
quality and fungal evaluations were done subsequently. Grain mold
score was quite high this year because of heavy rainfall and
prevalence of high relative humidity during development period.
In general, the germination values were very low and below the
standards of seed certification unlike the quality of 'seed produce'
during post-rainy season. Among the three genotypes, 296B
recorded significantly low values of seed germination (20%),
seedling vigor (287) and Alpha-amylase activity (8.29 mg maltose
/ 1g /5 min) compared to the other two sorghum genotypes CSH

|- Seedling vigor index —e— Alpha-amylase activity (mg maltose / 19 / 5min) |
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Fig. 23: Seedling vigour and alpha - amylase activity of sorghum
genotypes
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16 and SVD 9601 (Fig. 23). Mean threshed grade mold score
(TGMR) on susceptible (296B), tolerant (CSH16) and resistant
(SVD9601) genotypes were 5.0, 4.6 and 4.1 on a scale of 1-5.
The hybrid CSH 16 showed significantly highest seedling vigor index
of 537 before ageing and 150 after ageing of seeds. The present
results indicated that the sprays Tilt & Commercial Pseudomonas
(T3) proved better followed by Garlic (T2) and Native Pseudomonas
(T4) sprays in retaining the initial quality of seeds harvested from
the panicles caught in frequent rains during kharif seed
multiplication (Fig 24 & 25). As the seed viability concerned the
results with aged seeds indicated that the spray of Garlic (T2)
and Commercial Pseudomonas (T3) were better for maintaining
the seed viability traits followed by Native Bacillus (T5) spray on
panicles (Fig. 25). Thus, as the initial seed germination, seedling
vigor and seed viability traits concerned, the treatments with

|- Seedling vigor index —e— Alpha-amylase activity (mg maltose / 1g / 5min) |

700 12
3 60T +10 3
2 B
£ 500 T L.
o 7]
k=
'S 400 T . %
> i
£ B ?
< 300 ) 2
T =3
& 200 T =
100 + T2
o Wt ic o1 AN Ve 1)
B Ga“‘ omm e -t s @ of (00“
om®" ?se"dom 8o o
el
¥ Treatments

Fig. 24: Seedling vigour and alpha - amylase activity as influenced by
different sprays on panicles

The volume of fodder trade in general is neither properly
understood nor well documented in a systematic manner from
time to time. Thus, a rapid appraisal on sorghum fodder trade
was taken up during kharif 2005 in 5 sample fodder markets whose
average per day transaction amount to not less than 2 tonnes.
This rapid appraisal would be followed by another survey to follow
closely by NRCS in a formal collaboration with ILRI/ICRISAT in
December 2005. Interviewing personally the traders involved in
the business, end-users and middlemen. The fodder markets
located in Amberpet, Asifnagar, Purana-Haveli and Azampura were
taken as sample markets.
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Commercial Pseudomonas (T3) and garlic (T2) proved better to
retain minimum seed quality for seed multiplication of sorghum
during rainy season.

Sorghum fodder trading pattern in Hyderabad city

Sorghum is traditionally known to be grown for its grain for human
consumption and fodder for livestock fodder requirements. While
its demand as a food grain has been rapidly declining, its stalk
demand as fodder source for cattle either remained constant or
increasing. Micro-level scenario at village is obvious as both the
supply and demand sources are located very much within the
village. Hence organised marketing is absent. However, the urban
sector's fodder demand for thousands of commercial dairy cattle
necessitated evolution of organised markets.

I Germination (%) - fresh seeds

W Germination (%) - aged seeds
Seedling vigor Index - fresh seeds i
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Fig. 25: Germination and seedling vigour of fresh and aged seeds as
influenced by different sprays on panicles

Different types of sorghum fodder traded in Hyderabad and its

supply pattern/price is mainly as follows:

1. The sorghum fodder is supplied to retail markets by the
middlemen, traders or commission agents or brokers.

2. Two market channels are existing for the transaction of
sorghum fodder trade; usually it varies upon the form of the
end- produce to be delivered at retailers market i.e. either as
stalks directly or chopped into pieces.

3. Fodder from 200-400 km distance will be brought in as a
chopped form to economise the transport cost where the
market chain is longer with more players operating it.

NN



4. Raichur type followed by Andhra seeds are mostly preferred
due to their superior quality traits as desired by end-users
such as filled-in stems rather than hollow, and low moisture
content.

5. The prime criterion is the price/q of fodder. The price of freshly
harvested fodder is less due to high moisture content; when it
gets dried its price will go up. The price is ranged from Rs.1.5-
4.00/kg across the year and types. The prices variation across
various markets ranges up-to 10-20%.

6. Producer/Farmer gets 40-50% share of the price paid by
consumer rupee, while middlemen takes major share of the
rest as he arranges for gathering sorghum fodder from
different farmers and takes risk on behalf of farmer by
arranging the transport costs (25-30%).

Distribution of Share of Consumer Rupee paid for sorghum fodder
in Hyderabad retail fodder markets:
Findings of this survey were,

1. Jowar fodder markets are well established to cater the livestock
fodder requirements of urban dairies in Hyderabad. Some of
them are established even 25 years ago while many others
have entered in fray within a span of 10 years.

2. The trade volume ranges from 2-7 tonnes/day operating all
round the year.

3. There is an assured demand from local dairy farms (daily
customers).

Recommendations
1. Fodder markets are inefficient as price spread is very high.

2. Detailed assessment may be taken up on sorghum fodder trade
situation in Hyderabad and other cities.

3. Scope exists for seeking government's intervention to establish
regulated markets for fodders just as of grain, where by
sorghum farmers will get the maximum share in consumer
rupee. Thereby sorghum's competitiveness may be enhanced.

Outreach and service activities

1. Front Line demonstrations: A total of 195 ha area was covered
under the demonstrations during Rabi 2005-06. The percentage
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increase of grain and fodder yields if the improved cultivars are
adopted by the farmers would be 39.3% grain and 17% fodder
respectively. An over all increase of 47 % in the grain yield was
possible to be obtained were the improved cultivars are cultivated
in the Marathwada region. While in Western Maharashtra there
will be an overall increase of 33% in grain yield and 11% increase
in the fodder yields. In Andhra Pradesh there was an overall
increase of 36% in grain yield and about 24% in fodder yield
respectively if this cultivar is adopted by the farmers on the large
scale.

2. Popularization of sorghum in non-conventional areas: NRCS,
which has developed the technology for higher production of
sorghum (both for grain and dual purpose) has organized
demonstrations in the Central and northern parts of Jharkhand
state during the year 2005-06 in association with Ramkrishna
Mission Ashram, Krishi Vigyan Kendra, Ranchi and Birsa Agricultural
University, Ranchi to demonstrate the production potential of the
improved cultivars of sorghum.

During kharif 2006, the area increased from 0.003 lakh ha (2005-
06) to 0.02 lakh ha, an increase of 567%. (DMD, Jaipur, 2006).
This was basically due to the joint efforts of Birsa Agricultural
University, Ranchi, State department of Agriculture, Ranchi and
Ramakrishna Mission Ashram, Ranchi. Seed replacement in an
area of about 200 ha with improved recently released CSH 16,
(SV 15, and SPV 1616 cultivars has been taken up during 2005-
06 in the state. Large plot demonstration of dual purpose varieties
CSV 17 and SPV 1616 in 10 farmers fields taken up by Birsa
Agricultural University. Frontline demonstrations with SPV 1616,
in 10 ha was organized in association with Ramkrishna Mission
Ashram, Ranchi.

3. Performance of improved cultivar (SPV 1616) Vs Local (Pachha
Jonna): The data on grain and fodder yield obtained of the improved
cultivar and that of local variety indicate that the improved cultivar
SPV 1616 has yielded grain yield of 1968 kg/ha as compared to
grain yield of the local cultivar which recorded an average yield
of 943 kg/ha. The improved cultivar has shown an increase of
108% grain yield over local. Similarly the fodder yield of the
improved cultivar recorded was 24.69g/ha as compared to local
which recorded the fodder yield of 15.56q/ha. The improved
cultivar has demonstrated an increase in fodder yield by about
37% over the local. In order to find out if there is any statistical
relationship between the yields recorded by improved cultivar and
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Performance of improved cultivar SPV 1616 Vs local

Correlation values Correlation values

SPV 1616 Local % increase over local
Grain yield Fodder yield Grain yield Fodder yield Grain Fodder Grain Fodder
1968 24.70 944 1557 108 37 0.7439* 0.4399*
* significant
Performance of improved cultivar SPV 1616 Vs local
Gross return Gross return CO.St ‘.)f CQSt (?f Net returns Net returns ICBR
cultivation cultivation
(IP) (FP) (IP) (FP) (IP) (FP)
14640 7152 8441 5379 6194 1926 3.24

IP:improved practice, FP: Farmers practice; ICBR: Incremental cost benefit ratio

that of local the data was subject to correlation coefficient which
indicate positive and significant relationship between the grain
and fodder yields.

The cost of cultivation of the improved technology was Rs 8441,
while that of traditional practice was Rs. 5379. The net returns
obtainable through following recommended practices is Rs 6194,
while that of farmers practice is Rs 1926. The gross returns that
the farmer would be getting is Rs 14640 by following the
recommended package of practices along with improved cultivar,
while with farmers practice the gross income to the farmer would
be Rs 7152. The ICBR indicates that with every one rupee invested
in the cultivation following the improved practice, the farmer will
be benefited by Rs.3.24 over the traditional practice.

4. Adoption of Improved Sweet Sorghum Cultivation Practices by
Farmers of Ranga Reddy district: Data collection from sweet
sorghum farmers in Ranga Reddy district of AP completed and
main observations are given below:

Constraints:

e Moderate level of awareness about technology (39% of
farmers)

e lack of availability of time due to diversion of attention to
other crops (39% of farmers have faced)

e Expensive fertilizers and pesticides (31% of farmers)
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e Grain becomes chaffy and blackened before harvesting hence
no grain yield (100% of farmers)

e Thinning and gap filling were not practiced hence uniform crop
stand not maintained (8% of farmers)

e The general attitude of farmers towards sweet sorghum
cultivation was taken same as local Jowar led to less adoption
of improved practices(100% of farmers)

e Manures and Fertilizers were not applied because they thought
their lands are fertile (8% of farmers)

Net returns:

e Out of 13 farmers interviewed the average gross cane yields
were 20.3 tonnes per hectare

e The average total cost of cultivation was Rs. 11,108/- per
hectare, the average gross returns was Rs.9,518/- per hectare
and the average cost per tonne of sweet sorghum green cane
was Rs. 458/-.

e Four farmers have got an average of positive net returns of
Rs.6,500/- per hectare and the average net returns of all
the farmers was of Rs.-1590/- per hectare

Reasons for propagating:

e Sweet sorghum cane is palatable for their cattle and the milk
yields were enhanced by 0.5 liter per animal (54% of farmers)
led to positive net returns



e Timely technical help has been rendered by MV foundation
(46% of farmers)

e Motivated by MV foundation for adoption of improved practices
(31% of farmers)

Reasons for not propagating:

@ Less profitability because of failure of buyback of cane from
farmers by Rushni distilleries due to insufficient quantities of
cane yield for crushing (100% of farmers)

e Lack of initiative on part of MV foundation to mobilize the
farmers groups for supplying green cane to Muscat dairy
farm(100% of farmers)

e Occurrence of heavy rain fall and loss to farmers (46% of
farmers)
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Suggestion for improving the sweet sorghum cultivation:

e Linkages should be arranged well in advance before going for
large scale cultivation in the farmer's fields.

e Suitable varieties like white grain and multi cut forage types
are needed

Village level small cane crushers needed to be installed for
easy transport of juice to distilleries

Selection of suitable farmers needed to be done before
distribution of seed

e Time to time visit of field level officials along with farmers has
to be undertaken to research institute for solving the field
problems

Early sowing of sweet sorghum should be done to get high
yields.

Sorghum versicolor Sorghum matankense

Sorghum australiense

The parasorghum relatives viz., Sorghum matankense and
S. versicolor S. australiense which have more genomic
relatedness, possess acceptable forage qualities and are
good sources of resistance for shoot/leaf pests. Some of
the parasorghum hold exciting opportunities for gene
transfer which gives near immunity to some shoot pests.
These will be used in combination with modern tools of
inter-specific gene transfer.

S. versicolor; also called black sorghum with circular nodal
hairs is protected from crawling insect larvae. S. matankense
has highest crossability with sorghum. It is also highly
resistant to shoot pests. S australiense have long awns
and thick oily glumes which gives protection from birds.

At present we are attempting crosses among F, crosses
between S. bicolor and the S. versicolor, 5. matarankense
and S. australiense. It may be relevant that all these exotic
germplasm material is immune to shoot pests and any
breakthrough will have significant genetic enhancement in
providing pre-breeding material for sorghum crop
improvement.
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4. Education and training

Trainings Conducted at NRCS - 2006-07

. No. of
SI.No. Particulars Venue Dates Participants
1 Training on thin client usage and its application NRCS, Hyderabad 3-6 June, 06 35
2 International learning program on sorghum hybrids ICRISAT & NRCS, 6-17 Feb, 07 18
parents and hybrids research and development Hyderabad
3 Training cum learning programme on "Sorghum for health NRCS, Hyderabad 7- 9 Mar, 07 25
and business: Value-addition of sorghum
and sweet sorghum"
Trainings attended by NRCS Staff - 2006-07
A. International Trainings
S.No.  Name of the Official Training programme Venue Dates
1 M Elangovan "Conservation, Management and use of Plant Genetic Wageningen, 8 May - 16
Resources in agriculture” Netherlands June, 06
2 PGPadmaja "Integrated pest management and food safety". Wageningen, 29 May - 23
Netherlands June, 06
3 Ashok Gadewar, "International learning program on sorghum hybrids parents ICRISAT & NRCS, 6-17 Feb, 07
M Elangovan, and hybrids research and development" Hyderabad
KV Raghavendra Rao,
A Annapurna &
GB Ramulu
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B. National Trainings

S.No.

1

Name of the Official

NK Durga

T Sridharan &
D Rambabu
S Indira

K] Mathai

K Ravindra Babu
V Ravikumar

CV Ratnavathi

S Ravi Kumar

N Seetharama

G Ambujam

KBRS Visarada

B Venkatesh Bhat
B Venkatesh Bhat

A Annapurna

Mahesh Kumar

V Anjaneyulu &
VSG Parvathi

P Mukesh,
0V Ramana & K Revati

Trainings attended by NRCS Staff - 2006-07

Training programme

"Effective Office Administration", organized by NIMMA,
New Delhi.

"Information Technology for Finance Officers / Officials
of ICAR institutes under NAIP"

"All India Official Language Training Management"

Foundation training course for "Direct recruit combined
cadre Administrative Officers / Finance & Accounts
Officers of ICAR"

"National Agricultural Research Database" (NARD)
"PERMIS net and launching intelligent reporting system"
"Contract management and arbitration of scientists' week"
"General management"

*Vigilance administration and management"

"Purchase procedures"

" How to draft specification and prosecute Indian patent
application" Organized by NRDC

Bioinformatic resources for siRNA and miRNA
"Cartagena Protocol on Biosafety: Decisions to Diagnostics"

"Microbial diversity analysis of extremophiles"

Hindi Translation course

"Financial matters in Government Organizations"
conducted by Sankalp

Fast track training on "SQL Server "

50

Venue

Goa

NAARM, Hyderabad

Hyderabad

NAARM, Hyderabad

DIPA, ICAR, New Delhi
NASC, ICAR, New Delhi
ASCl, Hyderabad
ASCl, Hyderabad
NAARM, Hyderabad
ISTM, New Delhi

Hyderabad

IMTECH, Chandigarh
NBPGR, New Delhi.

NBAIM,
Mau Nath Bhanjan

CRIDA, Hyderabad

MANAGE, Hyderabad

ORBIT Software training
Institute. Hyderabad
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Dates

24 -28, May, 06

5-9, June 06

27-29, June 06
19 luly, to 30
Aug, 06

24-27, July 06
21 -22, July 06
21- 26 Aug, 06
4-15 Sept, 06
18-20 Sept, 06
20-23 Sept, 06

27 Oct, 06

14-17 Nov, 06
23-30 Nov, 06

26-30 Nov 06

20 -24 Nov, 06

11-14, Dec, 06

20 Dec 06 to
6 Jan, 07
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S.No.

Name of scholar

Paramesh H

Chandra Sekara
Reddy D

Ravi Kumar V

Srinivas R

Nagaraja Reddy R

Murali Mohan S

Sai Kishore N

Pashupathinath E

Satish K

Srinivas G

Arun Kumar Pandey

Ajay Kumar Mall

W Komala

BS Vijay Kumar

Ph. D. students at the Centre during the year 2006-07

Research topic

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

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

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

Agrobacterium mediated genetic transformation of sorghum
(Sorghum bicolor L Moench)

Identification of genomic regions responsible for terminal
drought tolerance and biomass production in sorghum
Mapping QTLs for foliar disease resistance in sorghum

Genetic transformation of sorghum for resistance against
stemborer.

Production and evaluation of transgenic sorghum
resistance to stemborer

Use of DNA marker technology to improve sorghum for
resistance to shoot fly
QTL mapping for terminal drought tolerance in sorghum

Developing low HCN producing forage sorghum using
antisense approach

Genetics of sugar content in sweet sorghum

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

Morphological and molecular characterization of toxigenic

Fusarium sps of sorghum ( Sorghum bicolor L. Moench)
in India
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Name of
the supervisor

Dr N Seetharama/
Mr D Balakrishna

Dr Audilakshmi/
Dr N Seetharama

Dr S Ravi kumar/
Dr Mareddy Anjireddy

Dr Maheswari/
Dr SV Rao

Dr N Seetharama

Dr V Rattan Kumar/
Dr N Seetharama

Dr KBRS Visarada

Dr N Seetharama

Dr N Seetharama

Dr N Seetharama

Dr B Venkatesh Bhat

Dr Audilakshmi/
Dr N Seetharama

Dr CV Ratnavathi/
Dr R Madhusudhana

Dr CV Ratnavathi/
Dr IK Das

University

IN Technological
University,
Hyderabad

IN Technological
University,
Hyderabad

IN Technological
University,
Hyderabad

IN Technological
University,
Hyderabad

Osmania University,
Hyderabad

Andhra University,
Visakhapatnam

IN Technological
University,
Hyderabad

IN Technological
University,
Hydrabad

Osmania University
Hydrabad

Osmania University,
Hyderabad

IN Technological
University,
Hyderabad

Osmania University,
Hyderabad

Osmania University,
Hyderabad

Osmania University,
Hyderabad
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5. Awards & Recognitions

Netherlands Govt. awards fellowship for NRCS scientists

Drs. M. Elangovan and PG Padmaja,
scientists from NRC sorghum have been
awarded a NFP/TP fellowship by the
Netherlands Government. Dr. M
Elangovan participated in the training
programme entitled "Conservation,
management and use of plant genetic
Y resources in agricufture”, held during 8
May - 16 June 06. Dr. PG Padmaja
underwent training on "/nfegrated pest
management and food safety ", held
during 29 May - 23 June, 2006 at
Wageningen, Netherlands.

Recogpnition for Dr. Audilakshmi

Dr. S Audilakshmi, Principal Scientist was
a reviewer for an article for the journal
"Australian Journal of Agricultural
Research".

Dr. Ratnavathi honoured

Dr. CV Ratnavathi, Sr. Biochemist at NRC
Sorghum awarded one year
complementary membership of the
Society of Chemical Industry (SCl),
London, UK, for the year 2005-2006. Dr.
Ratnavathi was the referee for two papers
on aflatoxins in the Journal of the Science

of Food & Agriculture published by SCI.

Ph. D Awarded

Sh. Mahesh Kumar, Hindi translator (T3)
at NRC sorghum was awarded Ph D in
Hindi for his thesis entitled " Charitrik
Manovisleshan aur Sashjprabha Shastri
ke Upanyas" by Uchcha Siksha aur
Shodh Sansthan, a deemed university
of Dakshin Bharat Hindi Prachar Sabha,
Chennai. He received the award during
the 70th convocation of the university
on 24 September 06.

Dr. G. Kalloo, DDG (Crop Science), ICAR discussing use
of molecular markers in sorghum improvement
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6. Linkages and Collaborations

Externally funded projects at the Centre

S.No. Project PI / CCPI From To Funding Agency (Iaf(:]alnl\:R)

1 “Enhancing tolerance of sorghum to abiotic Dr. SV Rao 2002 2007  AP-Netherlands 10.00
stresses through genetic manipulation" Biotechnology Program

2 "Mapping QTLs associated with traits determining  Dr. N Seetharama 2005 2008  Dept. of Biotechnology 41.51
terminal drought tolerance in rabi sorghum"

3 "Development of transgenic sorghum for improved ~ Mr. D. Balakrishna 2005 2008  Dept. of Biotechnology 20.07
salinity tolerance"

4 "Prevention and management of mycotoxins in Dr C Ratnavathi 2005 2008  ICAR 35.45

commercially important agricultural commodities"

5 "Development of low HCN producing transgenic Dr. B. Venkatesh Bhat 2005 2008  Dept. of Biotechnology 17.66
forage sorghum using antisense approach"
"Development of transgenic Bt sorghum" Dr. KBRS Visarada 2005 2008  ICAR 79.94
"Mapping QTLs associated with traits determining ~ Dr. R Madhusudhana 2005 2008  ICAR 8.15

tolerance to root and stalk rot, and terminal
drought in rabi sorghum"

8 Induction of Apomixis in Sorghum by Down- Dr. B. Venkatesh Bhat 2007 2012 NFBSRA 87.67
Regulation of Somatic Embryogenesis Receptor
Kinase (SERK1) Gene in the Ovules"

Institute Biosafety Committee Meeting in progress
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7. Highlights of All India Coordinated Sorghum
Improvement Project (AICSIP, 2006-07)

The 36th Annual sorghum group meeting of the all India
coordinated sorghum improvement project [AICSIP] was conducted
at Marathwada Agricultural University (MAU), Parbhani during May
11-13, 2006 under the patronage of MAU and the ICAR. Dr. NGP
Rao, former Vice-chancellor of MAU and Ex-chairman of ASRB
was the Chief Guest. About 250 delegates including the scientists
from AICSIP centres, and those from NRCS, AR, IGFRI, ICRISAT,
SAUs, private seed industries and non-government organizations,
enthusiastically participated. The dignitaries including Drs. SN
Puri {Vice-chancellor, Central Agricultural University, Imphal and
QRT Chairman-NRCS) and Dr. SS Kadam (Vice-chancellor, MAU},
SN Shukla (ADG (FFC), ICAR) ST Borikar {Director of Research.,
MAU), N Seetharama (Director, NRCS and Project Coordinator
(AICSIP), and heads of Divisions at MAU and local farmer-
representatives actively participated with delegates both from
AICSIP Centres, private companies and Foundations. The progress
on sorghum R&D during the last 5 years was also reviewed with
special reference to implementation of the past AICSIP
recommendations and future R&D strategies. On this important
occasion, five books from NRCS and four books from MAU were
released by the dignitaries. The following achievements were
highlighted:

New technologies: Significant progress is made at NRCS and SAU
centres to promote marker-assisted selection for complex traits.
NRCS is promoting technology on sorghum roti making machine.

Cultivars: Good numbers of varieties and hybrids were released
through AICSIP program. NRCS has released two cultivars, SPV
1616, a dual-purpose variety and identified for release in zone 1
and 11. It shows distinct superiority in stove and grain yield over
check CSV 15. SPH 1467 also identified as dual kharif hybrid. It
is superior in grain yield in zone 1 and superior in fodder yield in
zone lland Ill. CSH 24 developed by JK seeds, identified for release
at national level. The single cut variety Hl 513 has been identified
by Hisar center for release in northern parts.

SPV 1626 a variety developed by Rahuri center performed well in
breeding trials during Rabi in coordinated breeding trial and has
been identified for release in Zone Il. The entries which performed
well in state multiplication trials were RSV 744, in deep, SPV 1546
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in medium, and RSV 458 in shallow soil when tested at Rahuri
center. Three varieties, PKSH 501, Parbhani Moti and CSV 18
were released from Parbhani for rainfed areas. Performance in
yield of new hybrids DMA 2 x SPV 570 (DSH 6) was major
achievement from Dharwad.

SRF 286 selected as single cut forage sorghum variety exhibited
higher green fodder. NSSH 104 was identified as superior sweet
sorghum genotype. Release of CSH 20MF sorghum hybrid was
the major achievement from Pantnagar.

Advanced materials: The entries that performed well in IVT and
IHT were advanced for further testing. SPV 1644 from Palem,
TNS 599 from Coimbatore has been promoted from IVT.

Resistance sources: Rahuri has identified new promising lines,
RSV 504 for shootfly tolerance, RSSLG 43 for hurda and RPPSV 3
for popped variety. Dharwad mentioned good performance of
new hybrid DMA 2 x SPV 570 (DSH 6) in Rabi season. PKSH 501
from Parbhani exhibited aphid tolerant.

Crop production technologies: On the basis of collaborative efforts
made by the AICSIP centres, some of the new crop production
technologies have been developed by the centres and
recommended:

1. Deep sowing coupled with deep placement of fertilizers for
good yield.

2. Intercropping of sorghum : soybeanin 3: 6 or 2 : 4 ratio for
better returns.

Trials and nursery management: A total of 27 trials (kharif: 18 +
rabi: 9) were conducted during 2005-06. During last agm05, a
calendar of AICSIP activities was developed and circulated to all
centres for implementation. Some of the centres did not stick to
the schedule. The chairman advised the main AICSIP centres to
follow strictly the activity calendar 2006-07, and if there is an
avoidable reason, it should intimated to the Director of Research
with a copy to Project Coordinator (AICSIP). The calendar 2006-
07 was finalized with the consultation of AICSIP participants. It
includes the submission of entries, seed dispatch, data submission
with specific instructions.
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Administrative issues: It was observed and concerned that the
activities of AICSIP centers suffers due to frequent transfers and
retirements of AICSIP scientists at the research station. All
concerned authorities are requested to expedite the procedure
of appointing substitute and make sure that the appointed scientist
should not be moved at least for 3 to 5 years.

Performance of centres: During the group meeting, the
performances of different centres were evaluated by a designated
committee on the basis of their oral presentations, slides, time
adherence and discussions. As per the scores accorded by the
committee, first three positions were secured by Udaipur,
Coimbatore and Akola, respectively. The scientists from Udaipur,
Bijapur, Hisar and Indore were adjudged as best scientists for
AICSIP activities. The chairman appreciated all AICSIP centres
especially Udaipur, Akola, Parbhani, Dharwad, Indore and Bijapur
for their best efforts towards research and development. He
advised all scientists to work hard and dedicate adequate time
and efforts towards research and development. The chairman
and PC felt that some of the centres are not functioning
satisfactorily and do not have sufficient scientific strength. For
effective coordination, they proposed new AICSIP centres Nandiyal
(AP) and Bidar (Karnataka). It was also proposed Ludhiana
(Punjab) as a new AICSIP centres for forage testing.

Compliance matters: It was noticed that some of the centres do
not follow the activity calendar of AICSIP. The chairman advised to
all centres for adhering strictly to the activity schedule.

Budget related issues: There is concern from Finance Unit of
NRCS that Audit Utilization Certificate (AUC) are not reaching in
time, hence in such cases it is very difficult to release funds to the
respective centres. The Director (NRCS) has urged to all centres
to send AUC promptly for smooth functioning the center's activity.

AICSIP organizations: The AICSIP has been established in 1969
with an aim to coordinate and conduct multiplication programs at
national level for developing superior qualitative high yielding
grains, fodder and feed. Over last three decades, the efforts of
AICSIP have made significant impacts on improving varieties /
hybrids that changed overall scenario of sorghum production.
Although AICSIP has developed high yielding genetic potential,
their levels of resistance to abiotic and biotic stress are inadequate.
There is need to develop these areas in collaboration with potential
research centres.

Popularization of technologies: New initiatives on popularization
of conventional uses of sorghum as health food and possible
alternate uses like starch, and its derivatives, malt brewing adjunct
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and spawn for mushroom, sweet sorghum for ethanol and syrup
production were highlighted. It was advised to go for composite
flour blended with ragi, soybean, oats and maize for high nutrition
for popularization of sorghum roti. The introduction of sorghum
in public distribution system and fortified flavours can help to
popularize the sorghum. The PC felt that release of technologies
[ varieties should be accepted by all states at national level without
insisting on further testing at state level. This will unnecessarily
delay the popularization of technologies.

Communication: The chairman and PC of AICSIP felt that there
are lapses in interactive communication between centres. Even
some of the important information is not getting at PC office in
time. It is once again reiterated that information on desired
activities should be communicated effectively through fax,
telephone or e-mail.

Basic and strategic research: ICAR is making efforts to develop
projects on basic and strategic research under NAIP. The chairman
requested to all AICSIP centres to submit new proposals for the
purpose. Some of the issues to formulate the project are:

1. Marker assisted improvement of elite sorghum genotypes for
shoot fly, stay green and drought tolerance;

2. Bio-incentive approaches for disease and nutrient
management,

3. Screening techniques for sucking pests in rabi, and
4. Developing genotypes for industrial uses.

Criterion for advancing entries in trials: The group felt that there
is recurring problem on selection criteria for advancing entries in
trials. The chairman suggested that the criteria of selection should
be considered on the basis of confirmed advantage in quality,
considerable resistance to biotic and abiotic stress and yield equal
or more than check. Similarly the entries having resistance to
pests and diseases should be reported separately. Distinctly
superior entries for yield should also be reported so that it will not
get lost. The details on selection criteria for entries will be placed
on NRCS website.

Sharing responsibilities and materials / germplasm use and sharing:
The PC felt that more emphasis on inter-disciplinary research is
required. Sharing of experimental material should be emphasized.
He also advised that very germplasm transfer or exchanges should
be documented and further any new variety / hybrid need to be
identified for release by VIC.

Review of five years work of AICSIP: The research and
development on sorghum during last five years have been
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presented and discussed. The suggestions given by the house
were:

1.

Selection criteria for advancing entries should be on shoot fly
resistance followed by economic benefit;

Implementation of agronomic recommendations should be
used strictly while adapting new varieties;

Collaborative studies on relationship on charcoal rot and sugary
disease and identification of respective sources of resistance
should be taken up;

Cost benefit analysis of the recommended technology should
be done;

5.
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More collaboration with private sectors in developing cultivars.

New ideas to work on: Popularization of sorghum as health food
and commercial viable technology for industrial use.

1.

ok W

Instant food mixes and breakfast foods like sorghum flakes;
Introduction of sorghum under mid-day meal scheme;
Organic faming for sorghum production;

Breeding of coloured sorghum grains;

Using transgenic methods for sorghum improvement and
incorporating resistance.

ﬂll
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Inaguration of 36" Annual Group Meeting of AICSIP at MAU, Parbhani
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Journal Papers
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H.G., Gaikwad, P, Ganesh Murthy, K., Jayaraj, K., Ratnavathi,
C.V, Kannababu, N., Indira, S. and Seetharama, N. 2007.
Approaches to grain quality improvement in rainy season
sorghum in India. Crop Protection 26: 630-641.
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and chlorate sensitivity of some Indian isolates of
Macrophomina phaseolina from sorghum and their
relationships with pathogenicity. Microbiological Research
(Accepted).

Dayakar, B and Rajvir Singh 2005. Comparative economics of milk
production in different cattle in Guntur district of AP.
Agricultural Situation in India LXII . 459-461.

Dayakar, B and Thirumal Vallavan 2005. Trend in arrivals and
prices of sorghum in the requlated markets of Maharashtra.
Agricultural Situation in India LXIl = 5 99-604.

Dayakar, B and Shahid Parwez 2005. Dynamics of cropping pattern.
Indlian Journal of Agricultural Economics. 60 : 644-659.

Basavaraja, H., Hugar, A. Y, Mahajanshetti, S. B., Angadi,V.V. and
Dayakar Rao, B. 2006. Kharif sorghum in Karnataka: An
Economic analysis. Agricultural Economics Research Review
18 : 223-240.

Elangovan, M., Prabhakar and Chandrasekhara Reddy, D. 2006.
Variability in post rainy (rabi) collections of sorghum (Sorghum
bicolorL. (Moench)) from India. Journal of Research ANGRAU
34: 85-90.

Elangovan, M. 2006. Characterization and evaluation of exotic
sorghum germplasm collections. /nfernational Journal of
Agricultural Science 2: 231-234.

Elangovan, M. Prabhakar and Chandrasekara Reddy, D. 2006.
Characterization and evaluation of sorghum (Sorghum bicolor
(L.) Moench) germplasm. PV Res. /. 30: 1-5.

Indira, S., Muthusubramanian, V., Tonapi, ViA., Varanavasiappan,
S and Seetharama, N. 2006. Utility of biocontrol agents in
the suppression of seed borne pathogenic mycoflora and
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their effect on seed quality in sorghum (Sorghum bicolor (L.)
Moench). Archives of Phytopathology and Plant Protection :
1-9.
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Ravinder Redy, Ch., Navi, S.5. and Seetharama,N. 2006.
Studies on seed coloring in Castor, Sunflower and Safflower.
Journal of Oif seeds Research. 23 : 72-80.

Vilas A Tonapi, Harinath Babu,, Ansari, N.A., Varanavasiappan, S.,
Ravinder Redy, Ch., Navi, S.S. and Seetharama, N. 2006.
Studies on development of seed coloring standards in Paddy
and Maize. Aarnataka Journal of Agricultural Sciences. 19 :
278-286.

Vilas A Tonapi, Varanavasiappan, S. Navi, S.S., Ravinder Reddy,
Ch., and Karivatharaju, T.V. 2006. Seed coloring standards
for major Cereals, Pulses and Oil seeds. Plant Archives 6:
477-486.

Vilas A Tonapi, Varanavasiappan, S. Navi, S.S., Ravinder Reddy,
Ch., and Karivatharaju, T.V. 2006. Effect of environmental
factors during seed development and maturation on seed
quality in Sorghum bicolor (L.) Moench. Plant Archives. 6 :
515-519.
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Books

Biradar, B.D., Balikai, R.A., Tonapi,V.A., Prabhakar, Elangovan, M.
and Seetharama, N. 2006. Jo/a: Bharatadalli samshodhane
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Strategies for Millets Development and Utilization: Inaugural
souvenir of Society for Millets Research (Editors:
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(Sorghum bicolorL..). 59th Annual meeting of IPS and National
symposium on plant pathogens; exploitation and management
held at Rani Durgawati Universtiy, Jabalpur, MP from 16-18
Jan 2007.

Roothaert, R.L., Olufajo, 0.0., Bezkorowajnyj, PG., Reddy, R., Vilas
ATonapi, and Seetharama, N., 2006. Seed innovation systems
of food feed crops: New perspectives for the small holder
farmers in the tropics. Page No. 311. Proceedings of
International Conference on Livestock Services. 17-19 April,
2006, Beijing, China. Organized by Chinese Academy of
Engineering (CAE), Ministry of Agriculture (MOA), Peoples
Republic of China, and Chinese Academy of Agricultural
Sciences (CASS).

Shoba Rani, V., Visarada, KBRS., Pashupathinath, E., Padmaja, PG.
Saikishore, N. and Seetharama, N. 2006. Utilization of Basta
spray tests in transgenic sorghum technology. In: International
Symposium on Frontiers in Genetics and Biotechnology —
Retrospect and Prospect held at Osmania University,
Hyderabad from 8 - 10 January, 2006. pp 118.

Seetharama, N., Dayakar Rao, B., Elangovan, M., Vilas A Tonapi
and Ratnavathi, C.V. 2007. Changing scenario of millets
cultivation in India. In: Souvenir, Farm Fest- 2007, 23-25 Feb.
at Uppalam, Puducheri.

Seetharama, N. and Dayakar Rao, B 2007. Sweet-stalk sorghum
as a bioenergy crop. Biofuels: An Indo-Canadian perspective
opportunities for collaboration, 3 Feb 2007, TERI, New Delhi.

Srinivas, R, Varalakshmi, Y, Rao, SV, Pardhasaradhi, P. and
Maheswari, M. 2006. Development of transgenic sorghum
with mt/D gene through Agrobacterium mediated
transformation. In: International Symposium on Frontiers in
Genetics and Biotechnology — Retrospect and Prospect held
at Osmania University, Hyderabad from 8-10 January, 2006.

pp 111.

Reports

Visarada, KBRS. and Sai Kishore, N. 2007. Improvement of
sorghum through transgenic technology. ISB News Report.
March 2007 —pp 1-3

Popular articles

Dayakar Rao, B. Ratnavathi, C.V. and Seetharama. N. 2006.
Reorientation of investment in R&D of Millets for food security
— the case of Sorghum in India. Journal of Indian Farming.
Special annual issue on World Food day, November 2006.



Research Projects

9. Research programmes and projects

S. Code

1 JOWAR GE 1
JOWAR GE 2
JOWAR GE 3

JOWAR GE 4

2 JOWARCD 1
JOWAR CD 2

JOWAR CD 3
JOWAR CD 4
JOWAR (D 5

JOWAR (D 6

3 JOWAR B&CU 1
JOWAR B&CU 2

JOWAR B&CU 3
JOWAR B&CU 4

JOWAR B&CU 5

JOWAR B&CU 6

Project Title Project Leader

Research Area I Genetic Enhancement (GE)

Genetic resources and utilization in sorghum Dr. M Elangovan
Pre-breeding for insect resistance Dr. C Aruna
Epidemiology and host plant resistance to grain Dr. TG Nageshwar Rao

moulds, foliar diseases and their management

Breeding dual-purpose sorghums for drought Dr. AV Umakanth
tolerance and improved quality

Research Area ll: Cultivar Development (CD)
Rabi sorghum improvement for yield and quality Dr. Prabhakar

Genetic improvement for restoration on different Dr. Swarnlata Kaul
cytoplasms and parental line development
in kharif sorghum

Breeding for high yielding kharif cultivars Dr. S Audilakshmi
Line improvement of sorghums Dr. Swarnlata Kaul
Developing Improved Cultivars of Multi-cut Dr. B. Venkatesh Bhat

Forage Sorghum

Sorghum seed science, DUS characterization and Dr. N Kanna Babu
breeder seed systems

Research Area lll: Biotech & Crop Utilization (B&CU)
Transgenics for grain quality Dr. SV Rao

Transgenic sorghum with Bt genes for resistance Dr. KBRS Visarada
against stem borer

Marker -assisted selection in Sorghum Dr. R Madhusudhana
Food Safety and Alternate Uses of Sorghum Dr. CV Ratnavathi
Mechanisms of tolerance to aboitic stresses in Rabi Dr. SS Rao

sorghum and evaluation of sweet sorghum for

desirable stalk characteristics & high

biological yields

Use of sorghum associated microorganisms for the DrS. Indira
improvement of stalk rot resistance
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Associates

Drs. Vilas Tonapi, Prabhakar,
PG Padmaja, D Balakrishna & SV Rao

Drs. PG Padmaja, B Subbarayudu &
Prabhakar

Dr. Swarnlata Kaul, AV Umakanth &
M Elangovan

Drs. SS Rao, R Madhusudhana
& Sh. A Ashok Reddy

Drs. B Subbarayudu, VK Chaturvedi,
R Madhusudhana, IK Das,
AV Umakanth, SS Rao, & Swarnlata Kaul

Drs. TG Nageshwar Rao, AV Umakanth
& Vilas Tonapi

Drs. IK Das, S. Indira & C Aruna
Drs. S Audilakshmi & C Aruna

Drs. AV Umakanth, G Shyamprasad
& IK Das

Drs. S Audilakshmi, | K Das &
Breeders (concerned with breeder seed)

Dr. KBRS Visarada

Dr. PG Padmaja, Mr. D Balakrishna &
Dr. SV Rao

Mr. D Balakrishna, Drs. IK Das,
N Kannababu , PG Padmaja & SS Rao

Drs. B Dayakar Rao &
C Shashidhar Reddy

Drs. N Kanna Babu, R Madhusudhana,
Prabhakar, & IK Das

Dr | K Das



Code

JOWAR B&CU 7

JOWAR P&M 1

JOWAR P&M 2

JOWAR P&M 3

JOWAR P&M 4

JOWAR P&M 5

JOWAR P&M 6

JOWAR
SSC&KM 2
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Project Title Project Leader Associates

Sorghum food, feed and other related food uses Dr C.V. Ratnavathi Drs. B Dayakar Rao, &
C Shashidhar Reddy

Research Area IV: Crop production and marketing (P&M)
Production technology for rabi sorghum-based systems ~ Dr. MS Raut Drs. B Subbarayudu & S Ravi Kumar

Off-station trials to verify location specific technologies ~ Dr. S Ravi Kumar Drs. B Subbarayudu & Mr. P Mukesh
and map potential rabi sorghum grain
growing environments

Transfer of sorghum production technology and Dr. Chari Appaji Drs. S. Ravi Kumar, B Subbarayudu,
impact analysis B Dayakar Rao, & A Ashok Reddy.

Trends in sorghum production and marketing in India Dr. B Dayakar Rao Drs. N Kannababu, CV Ratnavathi,
SS Rao, & C. Shashidhar Reddy

Strategic issues in sorghum seed industry Dr. Vilas Tonapi Drs. Das, N Kannababu, M Elangovan
& B Dayakar Rao
Studies on prevalence, spread and management Dr. Vilas Tonapi Drs. IK Das, & TG Nageshwar Rao

of sorghum ergot
Research Area V: Strategic services, commercialization and knowledge management (5SC & kM)

Popularisation of sweet sorghum cultivation and its uses Dr. Ch Shashidhar Drs. SS Rao, CV Ratnavathi, & MS Raut
including seed production in the farmers' fields Reddy

= w N NN
Dr. S.N. Shukla, ADG (FFC), ICAR reviewed
Biotechnology Research Programmes
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RAC meetings

10. RAC meetings and significant decisions

The seventh Research Advisory Committee met on March 25-26,
2007 and reviewed the progress in research at NRCS. Main topics
for discussion were on achievements during X Plan period and
work planned for Xl Plan period. The major recommendations are
as follows:

A. General recommendations

1.

Chairman appreciated the progress made, and efforts to
implement the recommendations made earlier.

RAC advised the synthesis of recommendations of earlier three
RAC meetings. Important issues may be listed for the perusal
of next committee meeting during which progress on
implementation may be clearly specified.

Inter-institutional linkages need to be strengthened further

Public organization should have very strong and dedicated
extension wing as in the private companies with sharply
focused goals and measures for evaluation.

Post-harvest technology should be strengthened for use of
sorghum as a commodity

The RAC Members, especially the farmers’ representative,
was concerned with the delay in strengthening Solapur sub-
station and rab/ sorghum research. Considering that rab/
sorghum area is far important than that under 4hari and
Maharashtra grows about half of the sorghum in the country,
more investments are needed.

. Research

Possibility, feasibility and adaptability of any recommendation
arising from the experiment should be assessed and reflected
in the programme per se.

The committee identified four critical areas for application of
biotechnological tools, and suggested focused research on
each by a dedicated group of scientists in a specific time
frame of five years.
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Any project which started during a Plan period should consider
the level of progress made earlier in that area, and should
start working from that point. Material generated earlier should
be incorporated in to the project, and above all must be fully
documented.

Tillering types may be used while making crosses with sweet
sorghum for evolving forage types.

It was felt by the members that in spite of the brain storming
session conducted to improve research work in agronomy
earlier under the chairmanship of Dr IV Subba Rao, there
was no improvement in the work in Research Area IV
(agronomy, extension etc.).

Since sorghum is one of the important candidate crops for
biofuels, rigorous efforts should be made to produce sorghum
with high biomass and high brix. Hybrid parents need to be
developed with high brix, and appropriate resistance and
quality traits.

With respect to the work on inter-generic hybridization between
sorghum x sugarcane, the group at NRCS may explore the
possibilities of utilizing the material available at Indian Institute
of Sugarcane Research, Lucknow.

The Research Advisory Committee meeting in progress

C. AICSIP Sub-projects

The Chairman and Members of RAC appreciated the efforts
and suggested that the technical programme should be very



precise, and should clearly mention the role and
responsibilities of each individual in the project. Appropriate
yearly monitorable targets should be fixed.

2. Pl should interact with all the participating centres and
scientists and should formulate a strong technical programme
with clear-cut milestones and measurable progress.

Review by Quinquennial Review Team (QRT)

The Quinquennial Review Team (QRT) for NRCS and AICSIP for the
period 2000-2006 met at NRCS on 2-3 of May 2006 under the

64

NRC Sorghum - Annual Report 2006-07

chairmanship of Dr. SN Puri, Honorable VC, Central Agricultural
University, Manipur and Chairman, QRT of NRCS. The other
distinguished members of the QRT were Dr. Rameshwar Singh Ex.
Joint Director (Research), GBPUAT-Pantnagar, Dr. A Seetharam,
Former PC (AICSMIP), Dr. NP Saxena, Former Sr. Physiologist
(ICRISAT), Dr. HS Shetty, Prof. Agri. Botany & Biotechnology,
University of Mysore, and Dr. SS Rao, Sr. Scientist (NRCS) and
Member-Secretary. The Team reviewed the progress and prospects
of NRCS and AICSIP and submitted its report to ICAR. Based on
their recommendations, action has been initiated by the
Headquarters.

Dr. SN Puri, Chairman, QRT, observing transgenic sorghum plants



Participation in symposia

11. Participation of scientists in conference,
symposia, seminars and meetings

Name of the official

N Seetharama,
Chari Appaji &
D Gopala Krishna
N Seetharama

AV Umakanth,
M Elangovan,
OV Ramana &
V Ravi Kumar

N Seetharama
N Seetharama

N Seetharama

S Ravikumar
W Srinivasa Bhat

KV Raghavendra Rao

N Seetharama &
N Kannababu

KBRS Visarada &
N Seetharama

N Kannababu
SS Rao

S Ravikumar
KBRS Visarada

N Seetharama

S Indira &
K] Mathai

Participated in

National Seminar on “Millets as food, fodder
and feed energy’ organized by Society of millet
research and AICPMIP.

One-day group meeting on Pearl millet.

Meeting on “/nternational sorghum
Information system” (1SIS) under
DBT project

Annual group meetings on rice organized by DRR.

1 day SRC meeting on Plant Breeding at DOR

Workshop on “Measures of /mpact of services
and technology in India, Agriculture & Rural
Development’ organized by Swaminathan's
Foundation.

Workshop on ” Right fo Information Act”

Technical workshop on “Purchase policy &
procedure in Government departments”.

Workshop on” Aight to Information Act”

Meeting on “Frotection of Plant Varieties &
Farmer’s Rights Authority’ with ICAR & SAUs.

National seminar on “Gene constructs’

M1 annual scientist meeting of National

Seed Project (crops).

Brainstorming meeting on “ £nergy management
in agriculture’

Regional workshop on “Strategy for improving
the farming systems in rainfed areas”

Submission of progress report at

“Net work transgenic meet”

Participated in the 2-day meeting of

“Mega seed project’

One-day Hindi work shop and meeting of Town
Official Language Implementation Committee
(TOLIC) organized by SC Railway.
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Type

S

=

W/M

Venue

Junagadh Agri. Univ.
Junagadh

Udaipur
UAS, Bangalore.

ANGRAU, Hyderabad
DOR, Hyderabad

Teachers home,
ANGRAU, Bhoiguda,
Hyderabad

NAARM, Hyderabad
CTSR, New Delhi

NAARM, Hyderabad
NASC, New Delhi

[HR, Bangalore

INKVV, Jabalpur

VPKAS, Aimora

MANAGE, Hyderabad

NRC-PB, New Delhi

NAAS, New Delhi

Rail Nilayam,
Secunderabad

Date

10 Apr 06

11 Apr, 06
11-12 Apr, 06

17 April 06.
18 April, 06
19 April, 06

18-19 April, 06
19-21 April, 06.

25-26 April, 06
4 -5 May, 06

17-18 May, 06

20 -22 May, 06

28-30, May 2006

14- 15, June 06

23-24 June 06

27-28 June 06

4 July 06



i
1C

sl
AR

20

21

22

23

24

25

26

27

28

29
30

31
32

33

Name of the official

CV Ratnavathi &
IK Das

N Seetharama

Vilas A Tonapi

S Indira

TGN Rao

N Seetharama,
VR Bhagwat,
HS Talwar,

S Ravi Kumar &
IK Das

Vilas A Tonapi,
KBRS Visarada,
N Kannababu &
M Elangovan

N Seetharama
Chari Appaji,
AV Umakanth &
HS Gheywan

Mahesh Kumar

D Balakrishna &
B Venkatesh Bhat

S Indira

N Seetharama &
B Venkatesh Bhat

B Dayakar Rao
N Seetharama

KBRS Visarada

Participated in

Six-monthly review meeting of the Network Project
“Prevention and management of mycotoxins
contamination in commercially important
agricultural commodities”

As chairman in the panel discussion at the
workshop on  “/P Protection and strategic
Issues for Public Private Partnership’

Delivered lecture on Indian seed industry in
world scenario and seed legislation at the
workshop on “IP Protection and strategic
Issues for Public Private Partnershjp’

21 two-day national functional workshop on "
Official Languages”

National Seminar on “ Changing Agricultural
Scenario- Status of Indian Farmer’

Rabi sorghum planning meeting

One-day workshop on PVPFR and Seed sector

Review meeting of forage biotechnology projects.

25th Regional coordination committee meeting of
Regional station for forage production and
demonstration, Pahadisharif, Hyderabad

40" meeting of Town Official Language
Implementation Committee (TOLIC)

One-day workshop on “/MAS."

IMC Meeting

DBT review meeting on “Biotechnology
network projects of forage crops”
Agricultural Marketing Summit 2006

To attend the meeting called by the DDG
(CS) at NBPGR, New Delhi ; To discuss
on post-harvest Technologies (CIPMET,
Ludhiana) and starch technology

(GND University, Amritsar)

National Seminar on “Pafenting in
biotechnology’ Organized by NRDC & DBT
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Type

Sm
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Venue

RARS, Tirupati

NAARM, Hyderabad

NAARM, Hyderabad

NIPE, Bangalore

Osmania University,
Hyderabad

(RS, Solapur

Hotel Amrita Castle,
Hyderabad

|GFRI, Jhansi,
CRIDA, Hyderabad

Rail Nilayam,
Secunderabad

|CRISAT, Patancheru

DRR , Hyderabad
|GFRI, Jhansi

New Delhi

New Delhi Ludhiana &
Amritsar

Hyderabad

Date

7-8 July 06

17 luly 06.

22 luly 06.

28 - 29 uly, 06
31 July 06

4-5 Aug, 06

5 Aug, 06

21- 23 Aug, 06
28 Aug, 06
24 Aug, 06
5 Sept, 06

6 Sept, 06
9 Sept, 06

27 -30 Sept, 06
8 0ct,06

26 Oct, 06



Participation in symposia

34

35

36

37

38

39

40

41

42

43

44

45
46

47

48

Name of the official

N Kannababu

Chari Appaji

SV Rao &
KBRS Visarada

KBRS Visarada,
PG Padmaja &
E Pashupatinath

S Ravikumar

Chari Appaji,

( Sashidhar Reddy,
HS Talwar,

M Elangovan,

P Mukesh &

V/ Ravi Kumar

N Seetharama

N Seetharama &
B Dayakar Rao

N Seetharama &
B Dayakar Rao

V Ravi Kumar

KBRS Visarada,
R Srinivas,

K Nagaraju,
Kanti Meena &
B Krishnarjuna

Chari Appaji
N Kannababu
N Kannababu

KBRS Visarada

Participated in

Special meeting on the project “ Preparation for
protection of plant varieties & DUS testing
through ICAR — SAU system’

National seminar on “Extension strategies for
fostering knowledge centric agricultural
growth“organized by Society of Extension
Education, TNAU, Coimbatore.

Workshop on “Biosafety aspects of GM crops”
organized by Andhra Pradesh - Netherlands
Biotechnology Programme and Tata Energy
Research Institute, New Delhi.

Review meeting on APNL research project “Fvolving
transgenic sorghum resistant to stemborer with
suitable Bt gene constructs”.

Workshop on” Deserts and desertification”
organized by AMR AP Academy of rural
development.

National symposium on “Application of space
technologies for agricultural Development
“organized by A.P. State Remote Sensing
Applications Centre (APSRAC)

and ICAR.

National Seminar on “Changing global vegetables
oil scenario: Issues and challenges before India”

International conference on “Bio- fuels’,
Organized by Winrock International India (WII).

Meeting on “/ndo-Canadian collaborative
research planning’ sponsored by DBT
and BSP meeting chaired by the DDG.

3 International Groundwater Conference
(1GC-2007)

8" Agricultural Science Congress

Workshop on “ Data warehousing and Data mining”

Meeting on “Launching of the plant

19

variety registration

Meeting of Nodal officers of “OUS festing for
12 crops’

Review meeting of “Network project on
Transgenics”
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Type
M

=

Sy

=

Venue

NBPGR, New Delhi

Pondicherry

Teachers Home,
Secunderabad

DOR, Hyderabad

NAARM, Hyderabad

Jubilee Hall, Hyderabad

DOR, Hyderabad

Hotel Le Meridian,
New Delhi

TERI, New Delhi

TNAU, Coimbatore

TNAU, Coimbatore

ASCl, Hyderabad

NASC complex,
New Delhi

PPV&FRA office,
New Delhi

New Delhi

Date

9 -11 Nov,06

2-3 Dec, 06

19 Dec, 06

22 Dec, 06

29-30 Dec, 06

19 Jan, 07

29 lan, 07

1-2 Feb, 07

3 Feb, 07

6-13 Feb, 07

15 -17 Feb, 07

19-23 Feb, 07
21, Feb 07

21, Feb 07

23 - 24 Feb, 07



49

50

51
52

53

54

55

Name of the official

N Seetharama &
BV Bhat

TGN Rao,

S Ravi Kumar,
P Mukesh &
OV Ramana

N Seetharama

N Seetharama &
M Elangovan

S Indira &
TGN Rao

N Seetharama &
KBRS Visarada

S Indira &
SL Kaul

Participated in

Review meeting on “/nter-discjplinary projects
of DBT" (NS) and to present a research
project on forage (VB)

Workshop on “Data Analysis and Data mining”

Meeting on “Mega Seed project “

Joint ICRISAT-Global Crop Diversity Trust Expert
Consultation Meeting for “Developing a Strategy
for the Global Conservation of Sorghum

Genetic Resources”

National conference on “ Organic waste
utilization and eco-friendly technologies
for crop protection’

Workshop on “Blosafety for state agricultural
universities' organized by Min. of Env. and
Forests, GOI in association with ANGRAU

and Biotech Consortium India Ltd.,

New Delhi

IMC meeting at NRC-Women in Agriculture,
Bhubaneshwar.

Type
M

=

NRC Sorghum -

Venue

New Delhi

NAARM, Hyderabad

ICAR, New Delhi
ICRISAT, Hyderabad

ANGRAU, Hyderabad

ANGRAU Hyderabad

NRCWA, Bhubaneshwar

Annual Report 2006-07

Date

26 Feb, 07

26 Feb, 07

1-2 Mar, 07
12-14 Mar, 07

15 -17 Mar, 07

26-27Mar, 07

29 Mar, 07

The scientists from AISCIP Centres being briefed by

Dr. R. Madhusudhana about RILs for shoot fly
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Field days

12. Field Days and meetings organized

Project review meetings

SI.No. Particulars Venue Dates

1 A special SRC meeting NRCS, Hyderabad 24 May, 06

2 Meeting on ICAR-ICRISAT Partnership Project NRCS, Hyderabad 23 June, 06

3 QRT meeting NRCS, Hyderabad 22 luly, 06

4 DBT Review meeting NRCS, Hyderabad 28 Aug, 06

5 A meeting on "ICAR-ICRISAT collaborative projects" NRCS, Hyderabad 15 Nov, 06

6 QRT Review meeting - Drafting NRCS, Hyderabad 7-12 Nov, 06

7 APNL Biotechnology Project NRCS, Hyderabad 22 Dec, 06

8 Quinquennial Review Team (QRT) meeting NRCS, Hyderabad 30 Jan, 07

9 Research Advisory Committee meeting NRCS, Hyderabad 20-23 Mar, 07

Special meetings
SI.No. Particulars Venue Dates

1 A planning meeting to prepare for ICAR-ICRISAT collaborative NRCS, Hyderabad 15 Apr, 2006
research review at New Delhi

2 A special Scientific Research Committee (SRC) meeting NRCS, Hyderabad 29 Apr, 2006

3 Meeting of ICAR -ICRISAT scientists on NAIP projects and NRCS, Hyderabad 17 Apr, 06
formation of a consortium

4 A special brainstorming session to plan for sorghum NRCS, Hyderabad 20 July, 06
improvement during XI plan

5 Institute Biosafety Committee (IBSC) meeting NRCS, Hyderabad 5 July, 06

6 The IV Annual Rabi sorghum research planning meeting CRS, Solapur 4 Aug, 06

7 Mega-project on Seeds: First public-public partnership meeting NRCS, Hyderabad 30 Aug, 06
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Field Day Organized

SI.No.

Particulars

1 Sorghum Seed day

Ippalapalle village

Venue Dates No. of Participants

14 Feb, 07 50

near Shadnagar, AP

Rabi Sorghum field day at Solapur

The rabi sorghum field day was organized at Machnur village by
the Centre on Rabi Sorghum (NRCS), Solapur on 3 February 2006.
More than two hundred farmers from nearby villages - Brahmapuri,
Machnur, Chenoli, Najilepimpari, Boode, and Balhan attended the
field day.

The special theme was on understanding of sorghum as health
food for all. Dr. A. N. Deshpande, Associate Director of Research
MPKYV, Solapur was the chief guest. He advised farmers to adopt
improved varieties and production technology for its profitability.
The Director, NRCS stressed the importance of sorghum in the
daily diet and narrated the scope for organic sorghum cultivation
to realize higher price. The need for promotion of industrial
products was also stressed by the Director and the local
researchers.

The dignitaries including Dr. P Kumar, Director, NRCP, Solapur and
Sh. Charanu Patil, Chairman, Damaji Sugar Factory, Mangalwedha,
Scientists from NRCS and KVK, Solapur participated in this
programme. This field day was organized under DFID Project in
Collaboration with Krishi Vignan Kendra, Solapur. The display
included all of selections made for rabi with farmers' and
consumers participation.

Scientists field day at NRCS

All Scientists of NRCS actively participated in the Field day and
demonstrations on 7 April, 2006. All breeding, germplasm and
dual-purpose sorghum experiments were visited. The director and
all scientists reviewed the progress made by each discipline, and
suggested measures to further improve data analysis and
reporting.

AICSIP Sorghum field day cum review meeting

A sorghum Field Day and review meeting of AICSIP scientists was
conducted at NRCS on 30 September 06, with a view to discuss
and plan various sub-projects and modules for operation during
the forthcoming Xl plan. A total of 50 participants from AICSIP
centres, ICRISAT, SAUs, and NRCS participated in the deliberations.
The meeting started with a field visit of NRCS experimental plots.
During the post-lunch session, the discussions were held mainly
on finalizing work plan elements for Xl plan period. Discussions
were also held on performance planning, self-evaluation of AICSIP
staff, off-season nursery requirements, status of genetic resources
management records, DUS testing, and improvement in conduct
of trials. The director reiterated need for submitting the reports
and financial statements in-time by all the individual centres.

Trainees from International learning program on sorghum hybrids parents and
hybrids research and development learning about problems in sorghum seed production
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S.No.
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13. Distinguished Visitors

Name

Sh. Sanjay Gupta

Sh. PK Bage

Sh. T Laxmi Narasaiah
Dr. BN Singh

Dr. Maharaj Singh

Dr. P Joshi

Dr. SN Shukla

Dr. K Srinivasan

Dr. SK Sharma

Dr. KE Karunathilake
Dr. RP Sharma

Dr. Ramesh K Agarwal
Dr. CT Hash

Dr. AR Reddy

Dr. RR Sinha

Dr. Sriram Reddy

Dr. Morimoto lkunori
Dr. Niladri Deb Chowdhury
Dr. Blummel

Dr. Rakesh Chopra
Dr. PLD Rao

Dr. Gautam Kalloo
Prof. SK Gupta

Mr. Vasanth Kumar
Mr. S Sriram

Mr. Sanjeev Singh

Mr. Ganesh Krishna
Mr. LK Nag

Dr. Kanta Raja

Dr. SA Patil

Dr. Sesikeran

Dr. SK Vasal

Dr. KG Anand

Dr. MA Cynthia Bantilan

Affiliation

Dy. Secretary, Admn. & Cash, ICAR

Under Secretary (Fisheries), ICAR

Manager (Leaf), Vazir Sultan Tobacco Ltd., Hyderabad

Director of Research, BIRSA Agril. University, Ranchi

Chairman, QRT-CRIDA

Retd. Director of Research-RAU, Bikaneer

Assistant Director General (FFC), ICAR

Sr. General Manager (Agri. Research), TAFE, Chennai

Director, NBPGR, New Delhi

Executive Coordinator (Agril. Development), Colombo, Sri Lanka
Sr. Scientist INSA & Former Project Director, NRC on Plant Biotechnology, IARI
Principal Scientist, CCMB, Hyderabad

Principal Scientist, ICRISAT, Hyderabad

Professor, Dept. of PI. Sciences, University of Hyderabad
Advisor, DBT, New Delhi

Sr. General Managar, IN Agritech, Kampala, Uganda

Sojitz Research Institute Ltd., Tokyo, Japan

Sojitz Research Institute Ltd.(India), New Delhi

Scientist, ILRI, Hyderabad

Biostadt MH Seeds, Aurangabad

Manager, Utility Infrastructure, Canada

Dy. Director General (H&CS), ICAR

Director, National Sugar Institute, Kanpur

Dy. General Manager, M/s. Foods, Fats and Fertilizers, Hyderabad
Head (Biofeuls), Tata Chemicals Ltd., Mumbai

Asst. Manager (Biofeuls), Tata Chemicals Ltd., Mumbai
Anantha Energy Pvt. Limited, USA

Agri. Development Officer, Raipur, Chattisgarh

Coordinator, KVK Gulbarga

Coordinator, KVK Gulbarga

Director, NIN, Hyderabad

CIMMYT / SAA, Mexico

General Manager, Venkateshwara Hatcheries Pvt., Ltd., Hyderabad
Global Theme Leader (Market, policy and impacts), ICRISAT
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Date

24 Apr, 06
24 Apr, 06
30 June, 06
30 June, 06
14 July, 06
11 July, 06
20 July, 06
19 Aug, 06
20 Aug, 06
26 Aug, 06
28 Aug, 06
28 Aug, 06
28 Aug, 06
28 Aug, 06
28 Aug, 06
2 Sept, 06
12 Sept, 06
12 Sept, 06
12 Sept, 06
13 Sept, 06
23 Sept, 06
27 Nov, 06
27 Dec, 06
8 Jan, 07
17 Feb, 07
17 Feb, 07
14 Feb, 07
21 Feb, 07
6 Mar, 07
6 Mar, 07

7 Mar, 07

8 Mar, 07
8 Mar, 07
20 Mar, 07



14. Personnel

Scientists

S.No.

0 N O Ul W N =

NN NN NN NN NN NN — — 4 2 a4 s —a
~N O O AW N = O W o000 N Ul hw N = O W

28
29
30

31

Director and Project Coordinator

Name

Hyderabad Centre
Dr. S Indira

Dr. SL Kaul

Dr. SV Rao

Dr. S Audilakshmi

Dr. TG Nageshwara Rao

Dr. S Ravi Kumar
Dr. Chari Appaji
Dr. CV Ratnavathi
Dr. SS Rao

Dr. Ch Shashidhar Reddy

Dr. Vilas A. Tonapi
Dr. KBRS Visarada
Dr. B Dayakar Rao
Dr. Aruna C Reddy
Dr. G Shyam Prasad
Dr.B Venkatesh Bhat
Dr. HS Talwar

Dr. VR Bhagwat

Dr. PK Biswas

Dr. IK Das

Dr. N KannaBabu
Dr. R Madhusudhana
Dr. AV Umakanth

Dr. M Elangovan

Sri D Balakrishna
Sri P Mukesh

Dr. PG Padmaja
CRS, Solapur

Dr. MS Raut

Dr. Ashok V Gadewar
Dr. Prabhakar

Dr. B Subbarayudu
OSN, Warangal

Sri- A. Ashok Reddy

Designation

Principal Scientist
Principal Scientist
Principal Scientist
Principal Scientist
Principal Scientist
Senior Scientist
Senior Scientist
Senior Scientist
Senior Scientist
Senior Scientist
Senior Scientist
Senior Scientist
Senior Scientist
Senior Scientist
Senior Scientist
Senior Scientist
Senior Scientist
Senior Scientist
Scientist (Sr. Scale)
Scientist (Sr. Scale)
Scientist (Sr. Scale)
Scientist (Sr. Scale)
Scientist (Sr. Scale)
Scientist (Sr. Scale)
Scientist (Sr. Scale)
Scientist
Scientist

Principal Scientist
Principal Scientist
Senior Scientist

Scientist (Sr. Scale)

Principal Scientist
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Discipline

Plant Pathology

Plant Breeding
Genetics & Cytogenetics
Plant Breeding

Plant Pathology
Agronomy

Agricultural Extension
Bio-Chemistry

Plant Physiology
Agricultural Extension
Seed Technology
Genetics & Cytogenetics
Agricultural Economics
Plant Breeding
Agricultural Entomology
Genetics & Cytogenetics
Plant Physiology
Agricultural Entomology
Plant Breeding

Plant Pathology

Seed Technology

Plant Breeding

Plant Breeding
Economic Botany
Biotechnology
Computer Applications in Agriculture
Agricultural Entomology

Agronomy

Plant Pathology
Genetics & Cytogenetics
Agricultural Entomology

Agricultural Entomology



Personnel

Senior Technical Staff Senior Administrative Staff

S.No. Name Grade S.No. Name Designation
1 Sri Rameshwar Dayal T-6 1 Sri KJ Mathai Admn.Officer
2 Sri GB Ramulu T-6 2 Sri W Sreenivasa Bhat Asst. Admn.Officer
3 Sri D Gopalakrishna T-6 3 Sri A Venkateshwara Rao Asst. Admn.Officer
4 Sri K Ravindra Babu T-6 4 Sri- NVRN Murthy AF& AO
5 Smt Vishala Devender T-6
6 Dr. KV Raghavendra Rao T-6 Personnel appointed at NRCS
7 Smt. A Annapurna T-6
8 Sri OV Ramana T-6 S.No Name Designation Joined on
9 Sri HS Gh T-5
- Sr! A .ayr\]Nan - 1 Sri. K Suresh Kumar LDC 1 March, 07
fi > taad ) 2 Sri. Ram Swaroop Meena Field Man (T1) 12 March, 07
11 Sri B Pochaiah T-5
12 Sri K Yadava Rao T-5
i Sri G Ramulu TS5 Personnel promoted
14 Sri HS Gawali T-5
i S Grade
15 Sri M Venkateswarlu T-5 ' Name
. . No From To
16 Sri M Jangaiah 1-5 '
17 Sri P Subhakar Rao 15 1 KSanath Kum.ar Personal Assistant ~ Personal Secretary
18 S/ P Prakash 5 2 Md. Inayatuddin ~ SSG Il LDC
Personnel Joined NRCS
S.No Name Designation From Joined on
1 Dr. Mahesh Kumar T-3 (Hindi Translator) NAARM, Hyderabad 9 June, 06.
2 Dr. Ashok V Gadewar Principal Scientist CPRI, Shimla 5 January, 07.
(Plant pathology)
Personnel transferred Personnel retired
S.No Name Designation Transferred to S.No Name Designation Retired on
1 Sri. T Sridharan AFAO NRC Meat, 1 Sri M Anjaiah Private Secretary 30 April, 06
Hyderabad 2 Sri K Lakshminarayana To 31 May, 06
2 5ri. SR Meena AAO CRIDA, Hyderabad 3 Sri ESuresh Kumar T3 30 June, 06
3 Dr VK Chaturvedi  Sr. Scientist ~ CPCRI, Kasaragod 4 Smt S Bakkamma SSG | 31 Aug, 06
5  Sri Md. Ismalil 75 31 Oct, 06
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15. GIT-T § NTSTHNT S ™-99-T

R ST 3F-[eT-1 URYg -1 FReIT-T H IISTHINT STIF-&-T
g T Sy of-[Hen-T ydy SoTel 9§ Sl HRY
AR, f&dl of-[ares ST ug Afed w-nakd Sar g |
3T 9 -1, 2006 ¥ I8f R SRR © | a¥ 2006-07
S GRI-T ARI-T ST ST S RI-a3-T Sfdfe™ S
GINISEECES BRI SIS

A1 | FrIfd wu 9 uds foEre 9 1o
STaf-gg-1 A S de5t ST M1 fSar s
oIl WReA-T H ol STAf-ag-T ST 9 T =g
AFeTs Hel R [ar-faqst a1 5@ |

TRT-T H 7-14 Rydar 2006 v GR1-1 &<t warg
TARE A-TRT 17 | S @i v aRI-T By o
fafe g ST mas-1 a1 sr | 14
frder 2006 s9 9HRIE © GHU-T GARIE ST
-1 5= s, o gfeaforamet & faoransi
ST v, fgdly, I den AEwiioar R R UaT-T
Ry o |

-ToR T SrIf-ag-1 |afafa 5 dost § Frafid
B A AT forar SR e a8t forw Siw e S
TR IRAT-T H (ST STA-GI-T ST TS1-1 8
e Sy ST §

o RN $Y -1 Ry Ud -RIS TR ST HReAT-T
T NS STI-9I-T 9 Gaed s/t 1 fomret I-T ¥ oM STI-99-T § Uefs iRl s1
goifer RIS & st =g faffer sf-wrsil & siraeas GIAem UGT-1 SR-TS I | WIgel SRl W fgurdt
o A WY | qeugend $-E Rurd # o w0 A feufoRll ST gas SYarn S |
HARRT SRR T A 7% | e T 3 vk SR T veRa S )
o W H UYH &$ HIERI, -TH eIl s =1-1 Haeft 3ifo S W fofd S35 uwanq ) Ivex
ST fawmt wu # IR SYarRm SEm | ST P a1 S/ qen guraegs S9eT SRS
o s JRNTT2005-06 > AR o1 RA Hapgre o 0 @ E
TAT USTI-T | gfafe-1 frees SS9 9EY g g W fEal ST
) Sufrod o1 R @l TS veg fooioR, S9o1 STy W faft #
y EGTT;TT?%W o fodt F Wi o ST & v 9T ool Al e forat
STRE T |
o TR WHMERI & WRY ST f&dl # af-Jarg o
ST |
e ‘Tcuics H-IuWe ST SRI% AR fefoe -is
URER ST &4l H of-Jarg |
o 3(3) gRT S 3If-doid 3T dTel SToTald fgumdt &y
Ao Sy g |
o B & urd wall 51 IR & # e <man 2

YT B UAER ge 89 IUTIHT YA
o g |

Dr. SN Shukla emphasizing the use of Hindi in research organizations
for better dissemination of scientific technologies to the rural farmers

74



Notes

NOTES

75



] ¢

NRC Sorghum - Annual Report 2006-07

76



