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Preface

Sorghum is an important crop of the dryland regions in our country. It
is cultivated in rabi mainly for food purposes and in kharif for food,
feed and fodder uses. In addition, it has immense potential as a high
biomass and biofuel crop. Sorghum is gaining popularity as health
food among the urban consumers and entrepreneurs involved in the
processed and ready-to-eat food business due to the proactive
initiatives of this Directorate in the development, popularization and
commercialization of diverse sorghum-based food products.
Sorghum is going to be an important crop under predicted climate
change. Being a premier institute for sorghum research in our
country, this Directorate with the major mandate to improve sorghum productivity, profitability
and sustainability under rainfed eco-system has been a frontrunner in sorghum varietal
improvement and hybrid development. DSR also coordinates multi-disciplinary multi-location
testing of sorghum production technologies through All India Coordinated Sorghum
Improvement Project (AICSIP) involving a network of testing centres across the country and
provides effective linkage with seed production and developmental agencies.

It gives me immense pleasure to bring out the Annual Report of the Directorate of Sorghum
Research for 2013-14. During the reporting period, germplasm collections from Uttarakhand,
Kutch region of Gujarat and Khammam regions of Andhra Pradesh were evaluated. Rabi
sorghum variety SPV 1829 was released and notified as CSV 26 by Central Varietal and Release
Committee for cultivation under shallow soils of rabi growing regions of Maharashtra and
Karnataka. Seven lines with better semolina recovery (> 45%) were identified. Several
promising lines for the development of grain (both kharif and rabi), forage and sweet sorghum
hybrids were identified. SSG 226, a mutagenic derivative from the popular multi-cut forage
sorghum variety, SSG 59-3 was registered with NBPGR with the number, INGR13055.
Molecular marker studies helped in the identification of QTL for fertility restoration in the male
sterile line 27A and distinguishing alternate cytoplasms as well as A and B lines through
chloroplast SSR markers. Expression of heterosis-related genes of maize and rice were
quantified in sorghum in relation to grain yield heterosis. Putative transgenic sorghum plants
possessing a megaspore mother cell (mmc) -specific promoter (FM-1) isolated from
Arabidopsis was developed through Agrobacterium-mediated transformation. Promising lines
for shoot fly, stem borer, aphid as well as grain mold resistance were identified. Crop
management studies involving tillage, INM and efficacy of plantozyme were conducted.
Promising sources of post-flowering drought tolerance, seedling cold tolerance and salinity
tolerance were also identified. Promising sorghum genotypes for antioxidant activity, starch,
amylase, protein, fat, total phenol and polyphenol contents were identified. Basic research
resulted in the identification of 2,35,009 SNPs using a reference set of 96 sorghum genotypes
and also the identification of three somatic embryogenesis receptor kinase (SERK) genes in
sorghum. Preparation of sorghum /assi and sorghum pasta (by blending soya protein
concentrate and channa flour) was standardized. The extension activities, front-line
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demonstrations, advanced training and entrepreneurship development programmes
effectively helped in the transfer of technology.

I am highly grateful to Dr. S Ayyappan, Secretary, DARE and Director General, ICAR, and Dr.
Swapan Kumar Datta, Deputy Director General (Crop Science), ICAR for their dynamic
leadership, constant support and guidance. My sincere thanks are also due to Dr. RP Dua,
Assistant Director General (Food and Fodder Crops), ICAR for the timely advice and
suggestions. | place on record our gratitude for the continued external funding from NAIP, DBT,
NFBSFARA, ACIAR, DAC and Britannia Industries Limited. | also appreciate the Principal
Investigators and the multi-disciplinary teams of sorghum scientists at AICSIP centres,
voluntary centres and private sector participants for their contribution in making the nation-
wide sorghum research network a success. | place on record my sincere thanks to the
International, other Non-Governmental and Private organizations that have been supporting us
in our endeavours.

| wish to express my gratitude to the Research Advisory Committee, Institute Management
Committee, all the Project Leaders, Scientists and other staff members of the Directorate for
their efforts, support and help. | express my appreciation to Drs. P Rajendrakumar, K
Hariprasanna and KV Raghavendra Rao for their efforts in compilation and editing this report,
Mr. K Sanath Kumar for secretarial assistance and Mr. HS Gawali for photos and art work. | also
extend my gratitude to all my colleagues who are directly or indirectly involved in bringing out
this Annual Report in time. | welcome comments and suggestions to improve the reporting
andresearchinfuture.

T L

Hyderabad
June, 2014
[JV Patil
DIRECTOR
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0 Executive Summary

Genetic Resources

Evaluation of 110 accessions collected from Uttarakhand
(30 acc.), Kutch regions of Gujarat (40 acc.) and
Khammam regions of Andhra Pradesh (40 acc.) for 30
agro-morphological indicated the presence of maximum
variability for plant height and days to 50% flowering.

Cultivar Development
Grain sorghum - Kharif

Hybrid development: The hybrids based on the male
sterile line 2911A viz., 2911A x R44, 2911A x R48 and
2911A x R50 recorded more than 20% increase over CSH
25 with bold grains and better grain quality and grain mold
tolerance as compared to CSH 25. The hybrid, R93 x
C43, besides showing significant improvement over CSH
25, recorded bold seed with 100 seed weight of 3.68g
whileitwas 2.91gin CSH 25 and 3.36gin CSH 16.

Varietal development: The advance breeding nursery line
PVT 2-13 recorded a significant improvement in grain
yield over the check, CSV 20. It had bold seed with 100
seed weight of 2.86g. Three more genotypes (PVT 4-13,
PVT 15-13 and PVT 1-13) recorded more than 20%
increase in grain yield over CSV 20. Low grain mold score
was observed in PVT 5-13 (5.33), PVT 2-13 (5.67) and PVT
4-13 (5.67), while CSV 20 recorded 6.33 grain mold score.

Among the 60 sorghum genotypes including the selected
germplasm lines the semolina recovery ranged from 19.8
to 47.8%. Seven genotypes recorded semolina recovery
of more than 45%. Semolina recovery was found to have
significant positive correlation with corneous endosperm
texture, grain hardness and grain density.

Parental line development: For the development of new
male sterile lines, out of 95 test crosses generated with
27A using promising maintainer x maintainer derivatives,
more than 25 were found to be fertile or partially sterile,
while the remaining completely sterile test crosses were
backcrossed with the respective maintainer lines for
advancement.

Three advance breeding lines derived from restorer X
restorer crosses viz., DSR 949 (5318 kg ha"), DSR 950
(5023 kg ha™) and DSR 993 (4981 kg ha™) recorded more
than 10% grain yield advantage over CSV 216R.
Comparison of mean performance over kharif 2012 and
rabi seasons of 2011-12 and 2012-13, showed that DSR
971 (CS 3541 x CB 87) was the highest yielder (3933 kg
ha), which is being tested under AICSIP. In another set,
six entries (DSR 1118, DSR 1175, DSR 1121, DSR 1145,
DSR 1128 and DSR 1144) had significantly higher grain
yield (25-33%) over the check.

Evaluation of 46 superior derivatives isolated from 22
maintainer X maintainer crosses identified 13 entries
exhibiting significantly higher grain yield (3689-5355 kg
ha") compared to 27B (2889 kg ha") with an advantage of
28-87%.

(ii) Grain sorghum - Rabi

Varietal improvement: Rabi sorghum variety SPV 1829 was
released and notified as CSV 26 by Central Varietal
Release Committee for cultivation under shallow soils of
rabi growing regions of Maharashtra and Karnataka. In
grain vyield, the variety SPV 1829 (1209 kg ha') was
superior to checks Phule Maulee and M 35-1 by 22.5%
and 27.4%, respectively. For fodder yield, it (4244 kg ha)
gave 12.9% and 31.2% more yield than the checks Phule
Maulee and M 35-1, respectively.

Evaluation of improved breeding lines in shallow-medium
and deep soils separately, indicated that 30 promising
varieties (14 in shallow-medium and 16 in deep soil) were
significantly superior to checks M 35-1/ Phule Maulee and
CSV 22R for grain and fodder yields and grain quality with
resistance to insect-pests and diseases.

Hybrid development: The hybrid SPH 1721 (2717 kg ha")
gave 6.4% more grain yield than the varietal check CSV
22R (2554 kg ha) in AVHT-Shallow soil. Over two years,
the hybrid SPH 1721 was superior by 4.0% for grain yield
than the check CSH 15R. In IVHT, the hybrids SPH 1741
and SPH 1742 were significantly superior to CSH 15R by
18.0% and 14.9%, respectively. SPH 1741 gave more than
5% fodder yield over the check.

Parental line development: Maintainer line improvement
led to selection of 23 B-lines out of 62 lines with rabi traits.
Fifteen new CMS lines better than 104A in respect of grain
quality with resistance to insect-pests and diseases have
been stabilized and are ready for commercial exploitation.
Restorer line improvement resulted in selection of 32
R- lines out of 83 lines with rabi traits.

Combining ability studies: Among eight parents, CRS 7
showed significant GCA effects for grain yield and related
traits in desirable direction and hence considered as the
best combiner. The best parental combinations for yield
were Sangola Hondi x SLR 24 and Phule Anuradha x
SLR 24, and for earliness were Phule Anuradha X
Sangola Hondi and Phule Anuradha x CRS 7. Based on
per se performance and combining ability studies, the
best parents were CRS 7 and Phule Anuradha followed
by SLR 24, which could be used in future breeding
programme for yield improvement.

(iii) Forage sorghum

Advance single-cut forage lines: Among the 13 advance
lines (F,) derived from cross involving (SPV 1616 x PC 5)
X (SPV 1616 x PVK 809), three lines viz., DSR-SC-40-2
(498.2 q ha"), DSR-SC-40-8 (470.8 g ha"), DSR-SC-40-7
(449.17 g ha') were more than 20% and 15% superior for
green fodder yield compared to CSV 21F and HC 308,
respectively.

Registration of forage sorghum line: SSG 226, a
mutagenic derivative from the popular multi-cut forage
sorghum variety, SSG 59-3 was registered with NBPGR
with the number, INGR13055. It had low level of HCN (66.6
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ppm vs 82.9 ppm in SSG 59-3) among all the lines tested
with high IVDMD values compared to SSG 59-3. lts leaf-
stem ratio was more compared to SSG 59-3.

Sweet sorghum

Varietal development: The variety DSRV 17 exhibited
significant superior performance for ethanol yield, TSS,
TSland brix (%) over the check, CSV 19SS.

Hybrid development: DSRH 1, DSRH 2, DSRH 5, DSRH 7
and DSRH 10 yielded significantly higher juice and
ethanol yields over the check and a standard heterosis of
more than 40%. The hybrid DSRH 5 had a standard
heterosis of 93.1% for ethanol yield and 45.2% for juice
yield.

Sweet sorghum as single cut forage: The entries ICSA 675

x ICSV 93046 and PMS 71A x GP 97 yielded 758.67
(g ha™) green fodder followed by NSS 1008A x SSV 84
(743.67 g ha'). Highest brix (20.53%) was observed in
(CSV 15 x 1S 21891)-1-1-1) x (HC 260 x B 35)-2-1-1-1
followed by NSS 1008A x SSV 84 (20.4%).

Biotechnology
Marker-assisted breeding and Genomics

Mapping of fertility restoration gene: Genetics of fertility
restoration on CMS 27A studied using F, population of
cross 27A x M 35-1 indicated the operation of single
dominant gene controlling fertility restoration. The SSR
markers SB2387 and SB2388 from chromosome 4
showed co-segregation for fertility restoration.
Interestingly, a PPR gene (Sb04g000550) was found to
co-exist very near to the SB2387 locus.

DNA markers to distinguish alternate cytoplasms: The
chloroplast genome-based SSR marker Cp24 could
clearly distinguish most of the cytoplasms. This marker
was further found to differentiate all the A and B lines, and
therefore could be useful in testing genetic purity of
hybrids and parents.

Expression of heterosis-related genes: Quantification of
gene expression through real-time PCR analysis revealed
that eight maize genes (ZmHG2, ZmHG7, ZmHG10,
ZmHG11, ZmHG13, ZmHG14, ZmHG16 and ZmHG19)
and tworice genes (OsHG1 and OsHG12) exhibited more
than 3-fold expression in high heterotic hybrid (27A x RS
673) as compared to their parental lines, whereas the
same genes exhibited reduced expression in the low
heterotic hybrid (7A x CB 26) as compared to its parental
lines.

Transgenics

Heterologus ovule-specific promoter expression in
sorghum: A megaspore mother cell (mmc)-specific
promoter “FM-1” was isolated from Arabidopsis by PCR,
confirmed by sequencing and cloned into pCAMBIA
1305.2. This vector was used for transforming sorghum
deploying shoot tip as explants, via somatic
embryogenesis pathway through Agrobacterium-
mediated transformation. A total of five plants showed the

(i)

(ii)
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presence of the transgene and these putative transgenic
plants showed GUS expression exclusively in the ovule
and stigma in the early stages of flowering indicating site
and stage-specific activity of FM-1 promoter.

Seed Science

Genetic variability, heritability and genetic advance:
Estimates for 11 traits among the 36 parental lines
indicated high variation for panicle length, no. of
seed/panicle and seed yield. High broad sense heritability
values were noted for days to 50% flowering, panicle
length and no. of primaries panicle’. Panicle length,
panicle weight, no. of primaries panicle”, no. of seeds
panicle” and seed yield plant’ showed high values of
genetic advance over mean (GAM).

Crop Health
Pest management

Shoot fly resistance: Thirty-three lines in the shoot fly
nursery, three B and R-lines, four AICSIP local checks,
eight elite dual purpose lines, six F-F, lines and five forage
lines recorded shoot fly resistance on a par with the
check, IS 2312. In addition, 19 parental lines in advance
generation, three lines from PDRN-SF and seven lines
from ISPRN (ICRISAT) were also identified as promising
for shoot fly resistance.

Aphid resistance: Four lines (SLB 78, SLB 80, KR 191 and

KR 196) showed aphid resistance on a par with the check,
TAM 428. In addition, six elite lines from ICRISAT (ICSV
12004, RSV 11, RSV 1211, RSV 1338, IS 40615 and IS
40617) were also promising for aphid resistance.

Shoot bug tolerance: The entries IS 8742, 1S 11189, Phule
Chitra, Phule Revati, DSV 4, DSV 5, CSV 216R, IS 23528,
IS 28792, CSV 22, EP 42, EP 57, EP 64, EP 105, AKMS
14B, C 43, 27B, M 35-1 x DSV 5 were identified as
promising for shoot bug tolerance.

IPM module: The module comprising of seed treatment
with imidacloprid @ 14 ml kg™ of seed, spraying of neem
oil @ 5% at 10 days after germination, carbofuran 3G @
15 kg ha" at one month after germination and spraying of
methyl demeton @ 0.07% at two months after
germination was found to be effective against shoot fly,
stem borer and shoot bug.

Disease management

Relationship of plant and panicle characters with seed rot:
Fusarium induced seed rot had strong negative
relationship with glume color (p<0.01) and positive
relationship with panicle compactness (p<0.01). Seven
RILs (RIL 004, RIL 166, RIL 092, RIL 118, RIL 161, RIL 172
and RIL 030) had seed rot resistance on a par with
B58586 but with less coverage of grain with glume and
high panicle compactness.

Conidial germination rates of grain mold fungi: Out of the
grain mold fungi (Fusarium, Curvularia, Alternaria and
Bipolaris) that are commonly found in India, which start
infection in sorghum floret at the time of anthesis,
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Bipolaris spp. was the fastest to initiate germination within
6h and took 15h for 50% spore germination. Fusarium
spp. was the slowest and took almost 14.8h for initiation of
germ tube and 18.5h for 50% germination. However,
Fusarium took least time (9.3h) to reach 100%
germination from germ tube initiation. Alternaria spp. took
thelongesttime (>26h) to reach 100% germination.

Germplasm lines resistant to anthracnose: Out of 100
germplasm accessions evaluated, 20 accessions
recorded resistance reaction with an incidence of less
than 3 on a 1-9 scale, while 33 accessions were
moderately resistant and all others were highly
susceptible with anincidence of more than 5. With respect
tothe incidence of leaf blight, only four entries viz., E1, EG
11, ERS 16 and GGUB 25 were found to be highly
resistant with a reaction of less than 3 on 1-9 scale, while
all other entries were highly susceptible with a reaction of
above7.

Crop Production
Crop Management

Efficacy of plantozyme and planto granule in rabi sorghum:

Foliar spraying of plantozyme @ 2ml I water at 35 and 60
days after sowing significantly increased the grain yield
(1570 kg ha") of rabi sorghum compared to RDF alone
(1178kgha’).

Tillage and INM in grain sorghum: Conventional tillage
(2504 kg ha") produced the highest grain yield, but was
on a par with reduced tillage (2239 kg ha™). Zero tillage
produced significantly lowest grain yield (1183 kg ha™).
Application of 75% RDF (60:30:30) (75% through
inorganic + 25%N through vermicompost) + PSB +
Azospirillum (3634 kg ha") produced the grain yield (2014
kg ha') on a par to RDF (2232 kg ha™), indicating the
possibility of reducing 25% dose of inorganic fertilizer and
tillage operation.

Impact of rainy season legumes on N and water economy:
Grain yield of rabi sorghum was significantly improved by
kharif legumes. Among legumes, incorporation of
Dhaincha as green manuring (4163 kg ha') was
significantly superior to cowpea (3750 kg ha') and
greengram (3792 kg ha™). In rabi sorghum, maximum
increase in yield was obtained with two irrigations.
Increasing N levels up to 90 kg ha' gave significant
increase in grain yield. Incorporation of Dhaincha with no
N application (3139 kg ha") yielded higher than that of
kharif fallow with 30 kg ha N (2988 kg ha") and ridge and
furrow (3007 kg ha") indicating the saving of N due to
Dhaincha.

(ii) Abiotic stress management

Drought tolerance: Four genotypes, viz., IS 19153, IS
23514, IS 29392 and RS 585 showed consistent better
post-flowering drought response over two years. Of
these, IS 23514, a red sorghum line was found to be
promising as it recorded lowest Drought Susceptibility
Index (DSI).

Thic

The evaluation of key adaptive traits for post-flowering
drought tolerance revealed that water extraction in pre-
anthesis period was negatively correlated to the water
extracted in the post-anthesis period. In addition, a two-
fold variation in transpiration efficiency indicated that
there is a large scope for improving the water-use
efficiency of rabi sorghum.

The genotype IC 392124 recorded the highest drought
tolerance efficiency (DTE) of 92.8 and 90.5% under water
deficit and rainfed conditions, respectively. Based on DSI
and DTE values, the genotypes IC 392124, IC 392147, IC
343584 and IC 343573 were found to be drought tolerant.

Productive genotypes identified for grain yield under
drought stress include SPH 1644 (hybrids), and C 43 and
CSV 20 (inbreds/variety). As regards to DSI, the
genotypes CSH 16 (0.102), 27B (0.217), SPH 1644
(0.364), SPH 1655 (0.386), and 463B (0.486) were stable
and tolerant to mid-season (pre-flowering) drought
stress.

Seedling cold tolerance: The genotypes IS 21425, IS
23574, 1S 23494, IS 12195, and IS 18368 among the
germplasm lines; AKR 354, CRS 1 and RS 585 among the
R-lines; PMS 20B, 104B and M 31-2B among the B-lines;
CSH 15R, AKRMS 66-2A x 960 and BJMS 2A x 960
among the hybrids; and Phule Revati, Phule Anuradha
and DSV 5 among the varieties were tolerant to seedling
cold stress.

Salinity tolerance: The reduction in the biomass was less
than 50% at 15 dS m” in the genotypes Gwalior Il, Gwalior
I, IS 6750, SSV 74, ICSSH 28, CSH 24MF, Sel-B-pop and
Gwalior |, indicating their tolerance to salinity.

Biochemistry

Nutritional quality: Promising sorghum genotypes for
antioxidant activity, starch, amylase, protein, fat, total
phenol and polyphenol contents were identified.

Basic Research

SNPs: A reference set of 96 sorghum genotypes for
drought studies subjected to Double Digestion
Restriction site Associated DNA sequencing (ddRAD-
seq) resulted in the identification of a total of 235,009
unfiltered SNPs, distributed across 10 chromosomes. Of
these SNPs, 2075 represented 32 reported QTLs, of
which, SNPs on chromosome 2, 3, 5 and 8 were mostly
associated with drought related QTLs.

Conversion of SNPs into CAPS/dCAPS markers: Sequence
alignment of coding (CDS) and promoter regions of 10
candidate genes, viz., AP37, DREB1, LEA, NAC, NF, PYL5,
STZ, VP14, AREB and AHK1 from six sorghum genotypes
led to identification of 172 SNPs and 68 in-del mutations in
the coding regions, while in promoter regions 159 SNPs
and 77 in-dels were identified. Forty-two identified SNPs
were converted to CAPs/dCAPs markers.

Somatic embryogenesis receptor kinase (SERK) genes:
Three SERK genes were identified in sorghum based on
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the nucleotide homology in cereal genomes, using
degenerate primers in relation to the SERK gene
sequences of maize, rice and Arabidopsis. The phylogeny
analysis based on protein sequence similarity indicated
that SbSERK1 was more close to maize SERK1 while
SbSERK2 was closer to SERK2 and SERK3 of maize.

Entrepreneurship development, Value-addition and
Commercialization

Sorghum-based food products: Sorghum lassi prepared
without stabilizer had superior organoleptic property
compared to /lassi prepared with stabilizer. Acceptable
sorghum Jassi can be prepared from germinated
sorghum flour of M 35-1 and can be explored for
commercialization.

Sorghum pasta was prepared by blending sorghum flour
separately with soya protein concentrate (SPC) and
channa flour along with gaur gum. Cooking quality of the
pasta revealed that sorghum pasta with different blends
exhibited more cooking loss (6-14%) than that of durum
wheat (control) pasta (5%). Protein, ash and fat content
increased in pasta made with incorporation of SPC and
channa compared to control and native sorghum pasta.
Improved sorghum pasta exhibited 40.8% increase of
protein compared to native sorghum pasta.

Commercialization of sorghum foods: Three MoUs were
signed between DSR and Private firms viz., M/s Madhava
Kalyan Food Products, Kovvur, West Godavari district;
M/s ISA Millets, Hyderabad and M/s Fountainhead Foods
Private Limited, Secunderabad for the commercialization
of Eatrite products produced by DSR.

Popularization of sorghum foods: Creation of awareness
and popularization of sorghum-based processed foods
were done through road shows in public parks,
government institutions, Universities etc., using
fabricated Jowar Rath. Sorghum products were also
showcased in various exhibitions, and National and
International events. The Eatrite products are being
commercially sold both at DSR counter and in the retail
chains stores of M/s Heritage Retail and some select un-
organized stores in Hyderabad market.

Extension Research

Sorghum hybrids in rice-fallows: Six sorghum hybrids
including advance entries viz., 456AxCB134,
456AxCB134, 3060AxCB144, 2295AxCB35,
415AxCB33 and 3060AxCB141 were evaluated in rice-
fallows under zero-tillage during rabi 2012-13 in farmer's
fields in Guntur district of Andhra Pradesh. All the entries
evaluated yielded significantly better (30%) than the
check Mahalaxmi 296.

Institutional services
DUS testing

During kharif 2013, under 1* year testing, a total of 16
candidate varieties were characterized for 33 DUS traits
along with 17 reference varieties. The candidate varieties

(ii)

(iii)

(iv)
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comprised of nine new varieties and seven varieties of
common knowledge. Under 2™ year testing, seven new
candidate varieties were characterized along with nine
reference varieties. During rabi 2013-14, four candidate
varieties were characterized along with six reference
varieties under 1% year testing. The candidate varieties
comprised of three new varieties and one variety of
common knowledge. Under 2™ year testing, five new
candidate varieties were characterized for DUS ftraits
along with six reference varieties.

Sorghum breeder seed production

The total breeder seed production during 2013-14 by
AICSIP centers was 305.04q which is 217.05q (343.26%)
more than DAC indent (87.99 q) and 222.14q (364.34%)
more than BSP-I allocation (82.90 q). The total breeder
seed production during 2013-14 at DSR was 58.50q
which is 48.70q more than DAC indent (9.80 q) and
47.20q more than BSP-I allocation (11.30 q). A total of
1047 kg nucleus seed was produced against allocation of
1035 kg. Under ICAR mega seed project, farmer
participatory seed production was taken up in 11 varieties
for popularization, licensing and commercialization.

Intellectual property management and
transfer/commercialization of agriculture technology

Two MoAs were signed for the seed production of CSH
24MF. One MoU was signed for Analytical Testing and
three MoUs were signed for the commercialization of
sorghum-based food products. A total of Rs. 6.5 lakhs
revenue was generated through these MoAs and MoU.

Front-line demonstrations

Atotal of 280 FLDs on were organized in farmers' fields on

156 ha through five AICSIP centers across three different
sorghum growing states including 52 ha demonstrations
in rice-fallows during rabi 2012-13. The net return
obtained from the improved cultivars under FLDs was
%25,477 ha', while the net returns from the locally popular
cultivars was ¥ 12,917 ha. Inrice-fallows, the hybrid CSH
16 under FLDs gave 51% higher net returns than the
check Mahalaxmi 296.

During kharif 2013, a total of 620 demonstrations on
sorghum were organized on farmers' fields of tribal
community on 248 ha in five different sorghum growing
states of Madhya Pradesh, Rajasthan, Andhra Pradesh,
Gujarat and Maharashtra.The tribal farmers were
benefitted by harvesting more than double the grain yield
(94%) and 39% higher fodder yields than their own
traditional practices across the regions resulting in 94%
additional monetary returns.



9 Introduction

The Directorate of Sorghum Research (DSR)
formerly known as the National Research Centre
for Sorghum (NRCS) was established in 1987 to
strengthen the basic and strategic research
activities related to the sorghum productivity
enhancement, sustainability of production,
product utilization and profitability. DSR is situated
in an area juxtaposed to the Acharya N.G. Ranga
Agricultural University, Rajendranagar,
Hyderabad. A regional rabi sorghum research
centre of DSR was established in 1991 at Solapur,
Maharashtra, to strengthen research on rabi
sorghum. In addition, an off-season nursery
facility was established in 1995 at Warangal,
Andhra Pradesh, primarily to facilitate the
multiplication of sorghum breeding lines and
hybrids during off-season.

DSR is the lead centre on sorghum research with
an all-India perspective. The history of this centre
is filled with highly significant research
accomplishments. 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
DSR-AICSIP system serves as the national
advisory agency on all aspects of sorghum
research, production, utilization and marketing of
sorghum. For more details see our website
http://www.sorghum.res.in.

Mandate of DSR

To conduct basic and strategic research leading to
technology development for increased productivity
of sorghum, its diversified utilization, to promote
profitability from sorghum based cropping systems
and to serve as national repository of sorghum
germplasm.

To serve as a national centre for training and
consultancy on all aspects of sorghum production
and utilization, and to foster collaborative research
with national and international agencies with a view
to achieve the above objectives.

To orient sorghum research towards market and
export promotion and to coordinate AICSIP
programmes at the national level.

Mandate of AICSIP

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 ractices.

To promote linkages with seed production and
developmental agencies for transfer of technology.

To document and disseminate research findings
and exchange material for mutual benefit with
bonafide collaborators.

Current Research Activities: The emphasis is on

inter-disciplinary team approach and generation
ofimpact by closely working with various partners.
The major themes of research at DSR are genetic
enhancement, cultivar development,
biotechnology, crop utilization and basic studies,
crop production and marketing in addition to
strategic services, commercialization and
knowledge management. AICSIP is currently
involved in the development and identification of
superior production technologies through multi-
locational testing, developing improved grain,
forage and sweet sorghum cultivars with
enhanced productivity and resistance to biotic
and abiotic stresses, and formulating crop
production technologies as well as sorghum-
based cropping systems for efficiency and cost-
effectiveness.

Staff Position as on 31 March, 2014

Cadre Sanctioned
RMP 01
Scientific 48
Technical 41
Administrative 21
Supporting 24
Total 135

In position Vacant
01 00
33 (+1) 15
28 13
15 06
16 08
93 (+1) 42

(+) excess



Financial Status

as on March 31, 2014

Govt. Grants
DSR Non-Plan
DSRPIan
Plan Schemes

AICSIP Plan
NPTC
MSP
NSP/BSP
NSP (Tribal Sub Plan)
NICRA-Dr. HS Talwar
IPR Project—Dr. M Elangovan
NFBSFARA - Dr. CV Ratnavathi
NAIP

Total

Deposit Schemes

DUS
DUS Training
DUS Testing Fee
AICSIP Testing Fee
ICAR-ICRISAT (Dr. HS Talwar)
DBT (Dr. KBRS Visarada)
DBT (Dr. KHariprasanna)
DBT (Dr. CV Ratnavathi)
DBT (Dr. P Rajendrakumar)
DBT (Dr. R Madhusudhana)
DBT (Dr. PG Padmaja)
DBT (Dr. AV Umakanth)
DBT (Dr. G Shyam Prasad)
SALBS
Emeritus Scientist (Dr. S Audilakshmi)
Doctors Seed - Dr. M Elangovan
Britannia
Molecular Breeding Winter School
PVP & PGR
Model Training Course (Dr RR Chapke)
Refunds CPWD
Womens Training (Panjabrao Deshmukh)
FLD
INSIMP FLD Releases
INSIMP COE
INSIMP Training
Miscellaneous Receipts

Total

— =N - 2N =5

Revolving Funds
Mega Seed Project
Breeder Seed Project
Total

Receipts
1258.00
270.00
Receipts
2279.15
8.65
5.50
1.40
2.00
7.42
4.20
16.00
352.07
2676.39
Receipts
10.25
0.80
0
9.20
9.19
0
6.82
13.69
5.22
14.00
7.12
12.72
6.01
8.90
6.70
4.38
9.90
3.00
1.56
2.01
0
0
0
418
20.42
0
50.66
206.74
Receipts
5.43
6.95
12.38
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( in lakhs)

Payments
1263.22
264.95
Payments
2135.46
7.84
9.30
1.54
4.00
8.35
4.53
19.20
288.47
2478.70
Payments
8.61
0
0.22
10.86
7.28
2.35
3.83
13.94
5.15
15.30
8.37
27.59
0.98
16.86
5.97
0
5.18
3.75
1.56
2.01
-27.87
0.03
0.29
9.00
6.80
-1.47
126.59
Payments
5.67
1.84
7.51



9 Research Accomplishments

A. Genetic Resources

Evaluation of new kharif sorghum germplasm

A total of 110 accessions collected from
Uttarakhand (30 acc.), Kutch regions of Gujarat (40
acc.) and Khammam regions of Andhra Pradesh
(40 acc.) were evaluated for 30 agro-morphological
traits along with the CSV 15, CSV 23 and DSV 5 as
checks. The descriptive statistics showed that
maximum variability was available in the plant
height and days to 50% flowering (Table 1). The
variation for qualitative traits was observed for
maximum traits. Fig. 1 shows the variations in grain
colour and ear head compactness.

B.Cultivar Development

(i) Grain sorghum - Kharif

Evaluation of grain sorghum hybrids in the
station trials

Eighty experimental hybrids based on 25 male
sterile and 11 restorer lines were evaluated in
RCBD with three replications along with the checks,
CSH 16, CSH 25 and CSH 30. Of the 80 hybrids
evaluated, nine hybrids recorded significant
improvement over the best check, CSH 25, and
nine more hybrids yielded more than 10% over
CSH 25 (Table 2). The hybrids based on the male

Table 1 Descriptive statistics of quantitative characters of germplasm collections

Characters Mean SE
Days to 50% flowering 77.5 1.2
Plant natural height (cm) 271.6 5.3
Number of leaves 11.9 0.0
Leaf length of blade cm) 75.8 1.1
Leaf width of blade (cm) 7.3 0.1
Panicle length (cm) 28.7 1.6
Panicle width (cm) 4.9 0.1
Stem diameter (cm) 1.5 0.1
Stem brix (%) 9.0 0.4
Biomass fresh weight (kg plant”) 1.3 0.1
Biomass dry weight (kg plant”) 0.8 0.0
100-Seed weight (Q) 1.7 0.0
Grain yield (g plant”) 59.8 2.6

SD Variance Min. Max.
11.7 138.6 54.0 120.0
50.5 2553.9 144.0 350.0
1.7 3.1 7.3 17
10.1 101.4 59.7 101
1.3 1.7 3.8 9.5
15.1 229.5 71 60.6
1.3 1.6 2.2 8.1
0.5 0.2 1.5 54
3.8 14.7 2.5 17.4
0.6 0.3 0.3 2.8
0.4 0.1 0.2 2.0
0.5 0.2 0.5 3.0
24.9 621.0 6.2 99.5

Fig. 1 Variation in grain colour and earhead compactness
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Table 2 Performance of promising sorghum hybrids during kharif 2012

Hybrid Days to Plant ht Panicle
flower (cm) length (cm)

600A X R 40 70.0 27.4 299.5
600A x R 44 70.0 28.0 280.6
1182A X R 46 69.0 27.8 242.8
3054A X R 46 71.3 25.3 234.4
2911A X R 44 70.7 31.2 249.4
2911A X R 48 77.0 29.0 222.8
2911A X R50 70.7 29.7 217.2
2911A x R 51 70.3 25.7 191.1
27A x CB 25 69.0 30.8 227.8
1182A x R48  69.0 27.4 2411
R87 x C43 68.7 31.1 218.3
R93 x C 43 67.3 30.8 227.2
R 93 x CB 11 69.0 37.6 256.1
R99 x C43 66.3 32.9 209.5
R102 x C 43 68.3 30.7 209.5
R105 x C 43 70.3 39.3 2211
R106 x C 43 69.0 34.0 226.1
PVT HYD 76.0 27.5 225.5
CSH 25 78.3 34.6 237.2
CSH 16 68.7 35.9 220.5
CSH 30 68.0 30.3 232.2
CV (%) 3.9 9.7 9.1
CD (5%) 4.6 45 34.8

sterileline 2911A (2911A x R44,2911A X R48 and
2911A X R 50) recorded more than 20% increase
over CSH 25 with bold grains and better grain
quality and grain mold tolerance as compared to
CSH 25. The hybrid, R 93 x C 43, besides showing
significant improvement over CSH 25, recorded
bold seed with 100 seed weight of 3.68g while it
was2.91gin CSH25and 3.36gin CSH 16.

Evaluation of advance breeding nursery lines for
grainyield and quality

Twenty advance breeding nursery lines were
evaluated for grain yield and quality over the check,
CSV20 in RCBD with three replications to identify
better varieties with improved grain yield. The
genotype PVT 2-13 recorded significant
improvement in grain yield over the check, CSV 20
(3783 kg ha"). It had bold seed with 100-seed
weight of 2.86g. Three more genotypes (PVT 4-13,

Grain Yield % increase 100-seed  Grain mold

(kg ha') over CSH25 weight(g) Score (1-9)
5815.3 11.5 2.9 583
5815.3 11.5 3.1 57
6278.3 20.4 3)43) 5.3
6269.0 20.2 3.3 6.0
7185.8* 37.8 8.1 5.0
6537.6* 25.4 3.0 4.3
6472.7* 24.2 2.6 5.2
5815.3 11.5 2.5 515
6074.6 16.5 3.2 4.7
5912.5 13.4 88 5.2
6482* 24.3 3.1 7.3
7060.7* 35.4 3.7 5.7
6472.8* 24.2 3.0 6.0
6884.8* 32.1 3.2 6.0
5958.8 14.3 3.4 7.0
6269* 20.2 3.0 7.0
6694.9* 28.4 3.3 6.0
4880.0 - 3.0 B&
5213.4 - 2.9 5.7
5037.4 - 3.4 5.7
5074.5 - 2.8 6.3
13.9 - 10.7 12.5
1219.9 - 0.5 1.2

10

PVT 15-13 and PVT 1-13) recorded more than 20%
increase in grain yield over CSV 20. Low grain mold
score was observed in PVT 5-13 (5.33), PVT 2-13
(5.67) and PVT 4-13 (5.67), while CSV 20 recorded
6.33 grain mold score (Table 3).

Evaluation of sorghum genotypes for semolina
recovery and associated grain quality traits

An experiment was conducted with 60 sorghum
genotypes including the selected germplasm lines
from minicore collection and the elite lines in RCBD
with three replications during rabi 2012-13, to
identify the genotypes with high semolina recovery
along with the other grain quality traits. The
semolina recovery of these genotypes ranged from
19.8 to 47.8% indicating significant variability
(Table 4). Seven genotypes recorded semolina
recovery of more than 45%. 100-seed weight of
more than 4g was observed in three genotypes.
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Table 3 Performance of advanced breeding nursery lines

Genotype Yield % increase Plant height Days to Grain mold  100-seed

(kg ha™) over CSV 20 (cm) flower score weight (g)
PVT 1-13 4620.8 22.2 269.4 73.0 7.0 2.2
PVT 2-13 5472.7* 44.7 273.9 69.0 5.7 2.9
PVT 3-13 4255.0 12.5 253.3 73.0 6.3 2.0
PVT 4-13 4834.6 27.8 248.9 73.3 5.7 2.1
PVT 5-13 4384.6 15.9 258.9 69.7 588 2.7
PVT 9-13 4514.3 19-3 250.0 77.7 7.0 2.4
PVT 13-13 4458.7 17.9 223.3 78.3 5.7 2.8
PVT 15-13 4713.4 24.6 163.9 71.7 7.7 2.0
CSV 20 3782.7 - 286.1 77.3 6.3 2.7
CSv 27 2657.6 - 282.2 76.0 4.7 24
CV (%) 26.89 - 6.9 25 13.8 9.0
CD (5%) 1558.70 - 27.7 3.1 1.4 0.4

Semolina recovery was found to have significant
positive correlation with corneous endosperm
texture and the grain hardness and grain density. It
had non-significant negative correlation with 100-
seed weight which indicates that there is scope to
develop bold seed with high semolinarecovery.

Genetic augmentation of parental lines

Genetic augmentation of parental lines is essential
for enhancing the level of heterosis in hybrids. With
this objective, new crosses were effected between
elite parental lines/varieties and advance breeding
lines for isolation of superior segregants and
development of new parental lines. Promising
selections made out of maintainer X maintainer
and restorer X restorer crosses are being
evaluated for testing the fertility restorability and

also performance per se. Phenotypically superior
selections from the restorer X restorer derivatives
were evaluated along with checks in replicated
trials to identify promising breeding lines that can
be promoted as OPVs as well as further utilized in
hybrid development as fertility restorer lines.
During kharif 2013, five advance breeding lines
each were sent for evaluation in station trials at
Akola (DSR Nos. 911, 924, 972, 983, 1151),
Dharwad (DSR Nos. 907, 908, 922, 951, 1173),
Palem (DSR Nos. 867, 917, 922, 983, 1145) and
Parbhani (DSR Nos. 906, 928, 983, 1142, 1146).
One hundred and fifteen new crosses were made
during rabi 2012-13, which were planted during
kharif 2013 and F, seeds from about 95 crosses
were harvested based on phenotypic performance
for further advancement. Segregating materials in

Table 4 Variation for grain yield and quality traits in sorghum

Trait Min
Semolina recovery (%) 19.8
Days to flowering 67.0
Plant height (cm) 90.0
Panicle length (cm) 6.9
Panicle weight (g) 31.0
Seed yield (g plant™) 20.0
100-seed weight (Q) 1.6
Endosperm texture (%) 25.0
Grain density (g ml”) 0.9
Grain hardness (kg cm®) 2.3

Max
47.8
95.0
306.3
47.6
117.5
76.3
4.1
100.0
1.4
13.5

11

Mean CD (5%) CV (%)
31.4 4.4 6.9
77.7 2.9 2.3
118.0 235 8.2
23.0 3.0 8.2
59.3 18.2 19.0
44.0 159 21.5
2.8 1.0 21.6
55.1 11.2 12.6
1.1 0.1 3.0
6.9 1.00 8.7
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different generations (F,-F,) were advanced and
about 150 selections were made for further
evaluation. A set of superior advance breeding lines
were subjected to shoot pest screening during
kharif 2013.

New male sterile line development: For the
development of new male sterile lines in the
background of superior maintainer X maintainer
derivatives, about 50 advance breeding lines were
used for test crossing with 27A and a total of 95 test
cross seeds were harvested during rabi 2012-13.
These test crosses were planted along with the
pollinator parent in paired rows for identifying
complete sterile crosses and backcrossing for
conversion programme during kharif 2013. Out of
95 crosses, more than 25 were found to be fertile or
partially sterile, while the remaining test crosses
which were completely sterile were backcrossed
with the respective maintainer lines for
advancement. Another set of about 30 new male
sterile lines in the genetic background of promising
maintainer X maintainer derivatives are in different
stages of backcrossing.

Advance breeding lines: During rabi 2012-13, 90
superior and genetically uniform advance breeding
lines derived from restorer X restorer crosses were
evaluated for performance per se along with three
checks in a RBD. The flowering duration varied from
73 to 96 days. The mean plant height ranged from
110 to 288 cm and panicle length from 19 to 33 cm.
Grain yield ranged from 1995 to 5318 kg ha". The
best check for grain yield was CSV 216R (4359 kg
ha') and 10 advance breeding lines recorded
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numerically higher yield than the check. Three
advance breeding lines viz., DSR 949 (5318 kg ha™),
DSR 950 (5023 kg ha") and DSR 993 (4981 kg ha™)
recorded more than 10% grain yield advantage over
CSV 216R (Table 5). Seed size was the highest in
CSV 22R (4.11 g 100 seeds”) followed by CSV 216R
(3.98 g 100 seeds”) and none of the test entries
exhibited superiority over the checks.

Pooled analysis of performance of the advance
breeding lines during rabi 2011-12 and rabi 2012-13
showed that the panicle weight per plant ranged
from 62.8 to 143.3 g and grain yield from 1784 to
4597 kg ha'. The best check for grain yield was CSV
216R (4099 kg ha") and two entries [DSR 949 (NR
34 x ICSR 13) and DSR 960 (NR 184 x ICSR 13)]
recorded yield advantage of 4 to 12% over the
check. Comparison of mean performance over
kharif 2012 and rabi seasons of 2011-12 and 2012-
13, showed that DSR 971 (CS 3541 x CB 87) was
the highest yielder (3933 kg ha) closely followed by
DSR 926 (RS 29 x ICSR 9) and DSR 908 (RS 673 x
ICSR 93001). The yield advantage over common
kharif check CSV 20 ranged up to 38% with 20
advance breeding lines recording above 20% grain
yield advantage (Fig. 2). DSR 971 and DSR 982 are
being tested under AICSIP, and other promising
advance breeding lines are being evaluated at
selected locations.

In another set, 67 superior advance breeding lines
isolated from about 20 crosses were evaluated
along with three checks in a replicated trial during
rabi 2012-13. The days to flowering had a wide
range from 71 to 95 days. Plant height also varied

Table 5 Performance of selected advance breeding lines (Set I)

Advance Days to Plant Panicle
breeding line flower height (cm) length (cm)
DSR 949 95 173 26.3
DSR 950 90 175 29.3
DSR 993 87 194 30.9
DSR 908 88 288 28.8
DSR 944 81 188 28.3
DSR 960 89 141 30.1
DSR 952 91 167 251
DSR 994 93 213 23.9
CSV 216R 93 286 22.7
CSV 22R 91 279 19.1
CD (5%) 7.5 19.7 4.4

12

Panicle weight  Grain yield 100-seed

(g plant”) (kg ha™) weight (g)
175.3 5318 3.7
154.7 5023 &5
154.3 4981 3.1
159.5 4783 29
147.4 4698 3.0
147.9 4593 2.7
146.1 4581 2.9
152.3 4550 3.1
138.0 4359 3.9
111.8 3613 4.1
33.7 1130 0.7
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Fig. 2 Mean performance of selected advance
breeding lines over three seasons
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widely from 93 to 240 cm. The panicle weight per
plant ranged from 59 to 152 g. Total 36 genotypes
had above 100 g plant” panicle weight. The grain
yield ranged from as low as 1924 kg ha to as high
as 5377 kg ha'. The best check for grain yield was
CSV 216R (4044 kg ha™") and six entries (DSR 1118,
DSR 1175, DSR 1121, DSR 1145, DSR 1128 and
DSR 1144) had significantly higher grain yield (25-
33%) over the check (Table 6). Seed size was the
highest in CSV 216R (3.87 g 100 seeds”) and none
of the entries had 100-seed weight more than the
check. Some of the genotypes with better seed size
were DSR 1133 [(RS 673 x ICSR 89001) x ICSR
89027] (3.76 g 100 seeds”), DSR 1152 [(Indore 12 x
RS 673) x NR 184] (3.75 g 100 seeds”) and DSR
1121 [(C 43 x NTJ2) x (NR37 x ICSR 18)] (3.72¢g
100seeds”).

Thic

Comparison of results obtained for the same set of
genotypes during kharif 2012 season indicated that
the top yielders were different in the two seasons.
The genotypes which ranked top 5 during kharif
season evaluation [DSR 1145 ((RS 29 x NR 486) x
NR 486), DSR 1151 ((RS 29 x ICSR 18) x AKR 150),
DSR 1146 ((RS 29 x NR 486) x NR 486), DSR 1173
(SPV 1616 x RIL 10) and DSR 1142 ((RS 29 x ICSR
93046) x NR 486)] had 3, 25", 21%, 51% and 18"
position during rabi evaluation (Table 7). Similarly,
the genotypes which performed in the top 5
positions [DSR 1144 ((RS 29 x ICSR 93046) x NR
486), DSR 1128 ((RS 627 x ICSR 89059) x CSV 17),
DSR 1145 ((RS 29 x NR 486) x NR 486), DSR 1121
((C 43 x NTJ 2) x (NR 37 x ICSR 18)) and DSR
1175 ((RS 29 x ICSR 93046) x (Indore 12 x NR
486))] during rabi were far below in position during
kharif season except DSR 1145 (Table 8). The plant
height in all the genotypes was higher in kharif
season compared to rabi though there was no fixed
trend indicating seasonal difference in the
phenotypic expression (Fig. 3).Perusal of the
performance per se indicates that yield levels in
both the seasons are on a par in some of the
genotypes like DSR 1148, DSR 1142 and DSR 1145.
Hence, though same genotype may not be the best
in both the seasons, it may be possible to identify
common genotypes that perform satisfactorily well
and suitable for both seasons (under irrigated
conditions by advancement and selection in
alternate seasons. However, grain quality in these

Table 6 Performance of selected advance breeding lines (Set Il)

Advance Days to Plant Panicle Panicle
breeding flower height length weight
line (cm) (cm) (g plant™)
DSR 1144 90.0 167.5 27.6 150.9
DSR 1128 81.0 171.3 30.1 152.1
DSR 1145 94.5 166.9 28.4 148.0
DSR 1121 91.5 132.5 29.4 150.8
DSR 1175 86.0 206.9 26.3 145.2
DSR 1118 94.5 154.4 29.6 145.2
DSR 1143 90.0 136.3 29.1 136.0
DSR 1140 82.5 165.0 31.9 18887
DSR 1113 91.0 204.4 27.9 131.0
DSR 1116 87.5 151.3 26.9 136.7
CSV 216R 87.5 168.8 25.3 117.5
CSV 20 75.0 163.8 22.5 86.6
CD (5%) 11.4 18.3 43 13.0

13

100-seed Grain yield
weight Mean Adv. over

(9) (kg ha™) CSV 216R (%)
BY3 5377 &80
2.4 5373 32.9
3.3 5266 30.2
3.7 5137 27.0
3.4 5102 26.2
2.4 5044 24.7
2.7 4755 17.6
2.2 4751 17.5
2.7 4700 16.2
29 4640 14.7
3.9 4044 =

2.4 2308 -

0.6 960 -
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Table 7 Performance of advance breeding lines in kharif and rabi

Advance Kharif 2012
breeding line Grain yield (kg ha™)
DSR 1145 5089

DSR 1151 4876

DSR 1146 4658

DSR 1173 4631

DSR 1142 4404

DSR 1148 4298

DSR 1150 4244

DSR 1147 4236

DSR 1141 4151

DSR 1135 4138

CSV 20 3382

Mean 3310

lines is not comparable to that of rabi adapted
genotypes, which have bold and lustrous grains
that are highly preferred by consumers. Out of the
five DSR advance breeding lines evaluated in
station trial at Akola during kharif 2013, DSR 972 (CS
354 x CB 87)and DSR 1151 [(CRS 29 x ICSR 18) x
AKR 150] had numerical superiority for grain yield
over the checks (Table 9). At Dharwad and Palem
centres, none of the entries recorded better
performance over local checks, DSV 6 and PSV 56,
respectively.

Rabi 2012-13

Rank Grain yield (kg ha”) Rank
1 5266 3
2 3977 25
3 4140 21
4 2969 51
5 4244 18
6 4348 17
7 3977 26
8 3782 34
9 2739 57

10 3726 36
34 2308 66
= 3654 -

Identification of promising maintainer lines: Forty-six
superior derivatives isolated from 22 maintainer x
maintainer crosses were evaluated in a replicated
trial along with 27B as check during rabi 2012-13.
Observations on grain yield and related traits were
recorded. Flowering duration ranged from 73 to 92
days, and 25 genotypes were early by 2-10 days
compared to 27B. Plant height varied between 108
and 245 cm and none of the entries were
significantly shorter compared to 27B. Panicle
weight had a wide range from 62.2 to 148.3 g plant”
with a mean of 97.8 g plant’, while grain yield per

Table 8 Performance of advance breeding lines in rabi and kharif

Advance Rabi 2012-13
breeding line Grain yield (kg ha™)
DSR 1144 5377

DSR 1128 5373

DSR 1145 5266

DSR 1121 8

DSR 1175 5102

DSR 1118 5044

DSR 1143 4755

DSR 1140 4751

DSR 1113 4700

DSR 1116 4640

CSV 20 2308

Mean 3654

14

Kharif 2012
*Rank Grain yield (kg ha”) Rank

1 3031 42
2 3547 31
3 5089 1
4 2880 47
5 2929 45
6 2791 51
7 3502 32
8 4027 12
9 1680 66

10 2773 52

66 3382 34
- 3310 -
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Fig. 3 Comparison of grain yield and
\_ plant height of advance breeding lines )

plant ranged from 45.5 to 120.5 g with a mean of
75.5 g. Thirteen entries recorded significantly higher
grain yield (3689-5355 kg ha') compared to 27B
(2889 kg ha") (Table 10) with an advantage of 28-
87% (Fig. 4). The promising B x B derivatives with
desirable height and flowering duration will be used
for development of new CMS lines.

(ii) Grain sorghum —Rabi

a)

Varietal improvement
Rabi sorghum variety CSV 26

Sorghum variety SPV 1829 was released and
notified as CSV 26 by Central Sub-Committee on
Crop Standards, Notification and Release of
Varieties (S.0.2125-E, dt.10-9-2012) for cultivation
under shallow soils of rabi growing regions of
Maharashtra and Karnataka. At National level, the
variety SPV 1829 exhibited superiority over the
checks Phule Maulee and M 35-1 for grain and
fodder yields under shallow soils in multi-location
trials of AICSIP from rabi 2007-08 to 2010-11. In
grain yield, the variety SPV 1829 (1209 kg ha™) was
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Fig. 4 Mean performance of selected B-lines

b)

superior to checks Phule Maulee and M 35-1 by
22.5% and 27.3%, respectively. For fodder yield, it
(4244 kg ha") gave 12.9% and 31.2% more yield
than the checks Phule Maulee and M 35-1,
respectively.

Evaluation of improved breeding lines in
shallow-medium and deep soils

Evaluation of improved breeding lines in shallow-
medium and deep soils separately, indicated that 30
promising entries (14 in shallow-medium and 16 in
deep soil) were significantly superior to checks M
35-1/Phule Maulee and CSV 22 for grain and fodder
yields, and grain quality with resistance to insect-
pests and diseases. Selected entries for shallow-
medium soils were SLV 15, SLV 34, SLV 40, SLV 43,
SLV 50, SLV 73, SLV 91, SLV 97, SLV 100, SLV 101,
SLV 111, SLV 116, SLV 123 and SLV 135 and for
deep soil, the entries were SLV 15, SLV 34, SLV 43,
SLV 60, SLV 97, SLV 118, SLV 123, SLV 125, SLV
130, SLV 131, SLV 132, SLV 133, SLV 152, SLV 156,
SLV163and SLV 165.

Table 9 Performance of DSR advance breeding lines at Akola

Advance Grain yield Fodder yield
breeding line (kg ha™) (kg ha™)
DSR 911 3267 13462
DSR 924 3143 12137
DSR 972 3395 12925
DSR 983 3215 13276
DSR 1151 3333 13006
PVK 809 3181 12512
CSV 20 3276 12821
CSv 23 3077 13105

Days to Plant Days to 100-seed
flower height (cm) maturity weight (g)
72 191 121 2.60
76 172 127 2.78
71 182 123 2.65
80 196 128 2.85
78 179 125 2.70
72 182 129 2.55
79 173 130 2.80
75 185 128 2.60
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Table 10 Performance of selected maintainer lines

Advance Days to Plant Panicle Panicle weight Grain yield 100-seed
breeding line flower height (cm) length (cm) (g plant”) (kg ha™)  weight (g)
DSR 1213 81 150.0 31.9 148.3 5355 3.3
DSR 1212 81 153.8 31.4 135.7 4914 3.2
DSR 1209 80 131.3 29.0 125.8 4644 3.4
DSR 1211 77 137.5 31.4 127.6 4451 3.3
DSR 968 87 2445 28.0 138.0 4388 3.1
DSR 1199 81 155.7 28.3 120.7 4294 3.7
DSR 967 88 210.5 29.1 126.1 3924 3.4
DSR 1208 84 125.7 29.0 105.7 3915 3.2
DSR 964 84 177.0 27.8 126.0 3881 2.6
DSR 969 92 137.5 24.6 131.3 3819 2.6
DSR 1200 73 144.4 28.2 110.0 3804 3.4
DSR 1198 84 162.5 23.1 108.9 3733 3.2
DSR 1188 83 129.4 29.9 108.8 3689 3.9
DSR 1213 81 150.0 31.9 148.3 5355 3.3
27B 83 119.8 31.4 86.5 2889 2.8
CD (5%) 12 18.3 4.4 18.6 748 0.6

Hybrid development

a) Performance of hybrids in multi-location trials

The hybrid SPH 1721 (2717 kg ha") gave 6.4%
more grain yield than the varietal check CSV 22
(2554 kg ha) and it stood 2™ rank in AVHT-Shallow
soil (Table 11). Over two years, the hybrid SPH-
1721 (2827 kg/ha) was superior by 4.0% for grain
yield than the check CSH 15R (2719 kg ha™).

In IVHT, the hybrids SPH 1741 (2870 kg ha") and
SPH 1742 (2794 kg ha) were significantly superior

b)

to CSH 15R (2432 kg ha”) by 18.0% and 14.9%,
respectively. They stood 1% and 2" rank in IVHT-
Shallow soil. The hybrid SPH 1741 gave more than
5% fodder yield over the check (Table 12).

Evaluation of parental lines

B-line improvement led to selection of 23 B-lines
out of 62 lines with rabi traits. Selected B lines were
SLB 9, SLB 10, SLB 12, SLB 19, SLB 22, SLB 29,
SLB 35, SLB 45, SLB 46, SLB 56, SLB 58, SLB 59,
SLB 60, SLB 73, SLB 80, SLB 82, SLB 96, SLB 101,
SLB 124, SLB 125 and SLB 150.

Table 11 Performance of SPH 1721 in AVHT-Deep Soil (Rabi 2012-13)

Grain yield % over Fodder
Genotype (kgha') Rank  check yield
CSV22 (kg ha)
SPV 2139 2481 6 -2.9 7699
SPV 2140 2533 5 -0.8 7668
SPH 1721 2717 2 6.4* 6410
CSH 15R 2773 1 - 6523
CSV 22 2554 3 - 7252
M 35-1 2056 10 - 4859
CD (5%) 405 - - 1196
CV (%) 19.2 - - 17.3
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Daysto Days to Shootfly Charcoal
flower maturity deadheart Rot
(%) (%)
75 121 41.8 30.4
75 121 37.6 30.5
70 116 46.6 31.0
70 116 38.2 36.5
75 122 33.7 31.4
69 115 50.9 28.3
3 3 13.6 7.57
3.4 25 24.7 14.5
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Table 12 Performance of SPH 1741 and SPH 1742 in IHT-Deep Soil (Rabi 2012-13)

Genotype Grain yield % over Fodder
(kg ha™) Rank check Yield

(kg ha)
SPH 1741 2870 1 18.0 6148
SPH 1742 2794 2 14.9 6126
SPH 1744 2640 4 8.5 6413
SPH 1745 2565 5 55 5983
SPH 1746 2736 3 12.5 6923
CSH 15R 2432 7 - 5840
CSv 22 2368 9 - 6585
CD (5%) 353 - - 1044
CV (%) 15.4 - - 16.9

Fifteen new CMS lines (SLA9, SLA10, SLA 12, SLA

19, SLA 29, SLA 35, SLA 45, SLA 46, SLA 56, SLA
59, SLA 60, SLA 73, SLA 82, SLA 101 and SLA 150)
better than the 104A in respect of grain quality with
resistance to insect-pests and diseases have been
stabilized and they are ready for commercial
exploitation.

R-line improvement resulted in selection of 32 R-
lines out of 83 lines with rabi traits. Selected R-lines
were SLR 10, SLR 13, SLR 17, SLR 24, SLR 30, SLR
31, SLR 47, SLR 57, SLR 60, SLR 67, SLR 70, SLR
72,SLR 75, SLR 87, SLR 89, SLR 90, SLR 91, SLR
97,SLR103,SLR 104, SLR 118, SLR 123, SLR 128,
SLR 130, SLR 136, SLR 137, SLR 138, SLR 143,
SLR144,SLR145and SLR 146.

Evaluation of test hybrids

Atotal of 40 newly developed experimental hybrids
were evaluated in two trials at three locations
(Solapur, Bijapur and Rahuri ). Promising hybrids,
superior to CSH 15R for grain and fodder yields
were 104 A x SLR 31, 104A x SLR 57, 104A x SLR
70, 104A x SLR 125, 104A x SLR 67, 104A x SLR
72, 104A x SLR 75, SL 19A x SLR 57, SLA 29 x
SLR 124, SLA 150 x SLV 34, SLA 46 x SLR 67, SLA
12 x SLR 77, SLA 35 x SLR 67, SLA 19 x SLR 67
and SLA 46 x SLR70.

Evaluation of breeding lines for drought
tolerance and identification associated traits

Twenty-five genotypes were evaluated in three
reliable soil moisture environments (assured
irrigation, water deficit - irrigation upto 50 days after
sowing and rainfed - receding moisture
conditions) along with four checks (M 35-1, Phule
Anuradha, CSV 22 and CSV 26) during rabi 2012-
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% over Days Shootfly Charcoal
check toflower Deadheart Rot
(%) (%)
583 68 36.5 27.5
4.9 70 44.7 27.4
9.8 71 35.9 30.2
2.4 69 41.2 24.7
18.5 70 34.5 35.3
- 69 41.0 271
- 74 33.2 28.3
- 2 12.2 9.6
- 2.8 22.6 19.8

13 in a split plot design with three replications. The
main plot treatment consisted of irrigation levels
and sub-plot treatments consisted of genotypes.
High phenotypic variation was observed for grain
yield, biomass, panicle emergence, plant height,
panicle length, peduncle length, days to 50%
flowering and days to maturity. Mean grain vyield
was 29.34, 13.68, 8.76 g plant’ while mean
biomass yield was 125.60, 70.96, 55.92 g plant’
under assured irrigation, water deficit and rainfed
conditions, respectively. Drought susceptible
index (DSI) values for grain yield under water deficit
condition ranged from 0.13 to 1.32 while under
rainfed condition ranged from 0.13 to 1.24. DSI
values for biomass under water deficit condition
ranged from 0.26 to 1.24 and under rainfed
condition ranged from 0.10 to 1.27. Drought
tolerance efficiency (DTE) for yield ranged from
92.8 to 29.8% under water deficit condition and
90.5t0 12.6% under rainfed condition. Genotype IC
392124 recorded the highest DTE 92.84 and
90.54% under water deficit and rainfed conditions,
respectively. Based on DSI and DTE values, the
genotypes IC 392124, 1C 392147, 1C 343584 and IC
343573 were found to be drought tolerant (Table
13). The correlation analysis suggests that
identification of genotypes may be based on traits
like early flowering and long peduncle length.

Combining ability studies

Genetic basis of yield and its components were
studied using a 8x8 diallel adopting Giriffing’s
Method 2, model 1 in two consecutive viz., rabi
seasons 2011-12 and 2012-13. Eight parents
namely Phule Anuradha, Sangola Hondi, CRS 7,
SLR 24, BRJ 62, RS 585, M 35-1, and AKR 354 were
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Table 13 Performance of genotypes under three moisture condition

Yield g plant” Days to flowering
Genotype Irrigated Stress Rainfed DSIst DSIrf DTEst DTErf Irrigated  Stress Rainfed
IC 392124 10.3 9.6 9.3 0.1 0.1 928 90.5 56.3 58.3 57.3
IC 392147 21.5 19.2 10.5 0.2 0.7 89.5 489 76.7 76.0 86.0
IC 343584 23.2 19.1 12.2 0.3 0.7 82.4 525 68.3 .7 71.3
IC 343573 18.4 12.0 8.1 0.6 0.8 65.2 443 58.7 67.3 64.0
IC 343567 49.7 14.8 7.2 1.3 1.2 29.9 145 68.3 .7 77.3
M 35-1 21.2 9.9 7.8 1.0 0.9 470 36.8 69.0 70.3 76.0
Phule Anuradha 13.3 10.7 4.8 0.4 0.9 80.7 36.4 61.7 63.3 64.7
CSv22 35.9 13.9 5.7 1.1 1.2 386 158 72.0 77.7 82.0
CSV 26 26.5 9.9 6.6 1.2 1.1 371 24.9 72.0 74.0 83.7
Mean 29.3 13.7 8.8 0.9 0.9 511 33.7 72.2 74.7 78.2
Main (CD) 2.1(0.05) 3.5(0.01) - - - - - - 1.4(0.05) 2.4(0.01)
Sub 3.4(0.05) 4.4(0.01) - - - - - - 2.0(0.05) 2.6(0.01)
Main x Sub 5.8(0.05) 7.6(0.01) - - - - - - 3.4(0.05) 4.5(0.01)
st - stressed rf - rainfed

crossed in all possible combinations without were CRS 7 and Phule Anuradha followed by SLR

reciprocal. Parents and hybrids were evaluated in 24, which could be used in future breeding

RBD with three replications. Variance due to programme foryield improvement.

general combining ability and specific combining

ability were significant for all the traits in both the Screening for seedling cold tolerance

seasons, implying that both the additive and non- A total of 220 genotypes (113 germplasm lines, 16
additive gene effects operated in the genetic rabi R-lines, 11 rabi B-lines and 12 rabi hybrids)
expression of the traits. The magnitude of SCA were evaluated for seedling cold tolerance at
variances were found to be higher than GCA Mahabaleshwar during 2012 post-rainy season in
variances except for days to 50% flowering in both augmented design in two dates of sowing along
the seasons and 1000-grain weight in the season with 4 checks (CSV 216R, Phule Maulee, M 35-1
2011-12 indicating predominance of non-additive and Phule Chitra) repeated four times. The
gene effects. Among eight parents, CRS 7 showed minimum temperature during the crop growth
significant GCA effects for all the traits in desirable period ranged mostly from 10 to 15°C. Among the
direction in both seasons hence considered as the germplasm group, the genotypes IS 21425, IS
best combiner. Phule Anuradha and SLR 24 23574, IS 23494, IS 12195, and IS 18368 with dry
showed negative significant GCA effect in both the fodder yield of 57 to 83 kg ha' at 45 days after
seasons for days to 50% flowering and positive sowing were tolerant to cold stress. AKR 354,
significant GCA effects for 1000-grain weight CRS1 and RS 585 among the R-lines with dry
(Table 14). Hence, these were considered as good fodder yield of 27 to 32 kg ha™', PMS 20B, 104B and
combiner for earliness and increasing grain M 31-2B among the B-lines with dry fodder yield of
weight. RS 585 showed significant GCA effect for 34to51kgha’, CSH 15R, AKRMS 66-2A x 960 and
1000-grain weight and panicle length in both BJMS 2A x 960 with dry fodder yield of 42 to 47 kg
seasons. The best parental combinations for yield ha'among hybrids and Phule Revati, Phule
were Sangola Hondi X SLR 24 and Phule Anuradha and DSV 5 among the varieties with dry
Anuradha X SLR 24, for plant height were CRS7 x fodder yield of 43 to 63 kg ha™ were tolerant to cold
BRJ 62and CRS 7 x RS 585, and for earliness were stress. The seedling dry weight is significantly and
Phule Anuradha x Sangola Hondi and Phule positively correlated to seedling vigour, number of
Anuradha X CRS 7. Based on per se performance leaves and seedling heightr = 0.4t0 0.6).

and combining ability studies, the best parents
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Table 14 GCA effects for yield and component traits

Genotypes Yield plant’ 1000 grain Plant height Panicle length Days 50%
weight flowering

2011-12 2012-13 2011-12 2012-13 2011-12 2012-13 2011-12 2012-13 2011-12 2012-13
Phule Anuradha ~ 2.41 0.60 0.06 1.95%* 1.12 -0.476 -0.21 0.15 -2.24*  -4.41%*

Sangola Hondi -5.49 0.29 -0.77 -6.05 3.29 1.91 -2.35 -1.32 0.52* -0.81
CRS 7 4A1** 377 027 1.24**  14.65** 9.64**  0.41** 0.15 -2.20%  -3.67**
SLR 24 -3.07 -2.08 0.16**  1.42** -1.10 -4.22 -1.36 -0.65 -047*  -0.81*
BRJ 62 -0.43 0.35 -0.04 -1.18 -5.80 4.21**  0.46** 0.09 0.72* 1.75
RS 585 -3.75 -1.81 0.13* 1.88** -11.34 -10.25 0.67**  1.03** -0.47* 0.25
M 35-1 3155 0.84 0.12* -0.72 6.32** 8.84** 1.21** 0.20 1.29* 2.22
AKR 354 2.67 -1.97 0.04 1.46** -7.14 -9.67 1.18** 0.34* 2.86* 5.45
SE m (gi) 1.44 0.69 0.057 0.27 1.71 1.58 0.16 0.16 0.19 0.41
CD (5%) 2.82 1.35 0.11 0.52 3.36 3.10 0.31 0.31 0.37 0.80
Evaluation for seed set percentage in rabi R-lines (80%) and rabi varieties (81%). Seed set%
breeding lines was significantly associated with grain yield in B-

lines (0.72**), which indicated that selection of B-
lines with improved seed set% in the rabi
background may contribute to successful hybrid
production.

Among the 61 exotic and 91 indigenous
germplasm lines evaluated, the lines IS 1061, IS
1034, 1S 5469, EP 14, EP 93, EP 114 and EC 6 had
more than 90% seed set and can be utilized in B-
line development program. The germplasm lines Evaluation of new hybrids
IS 23494, IS 23528, EP 46, EP 52, EP 64, EP 78, EP
82, EP 109, EP 110, PEC 7, EC 11, EC 21, IS 1061
and IS 2235 with more than 4300 kg ha™ of grain
yield can be further exploited in breeding program.
Among the 60 varieties/R-lines, nine B-lines of rabi
adaptation, two B-lines and one R-line of kharif
adaptation evaluated, seed set% was lowest in B-
lines (68%) followed by kharif varieties (72%), rabi

Sixty-three new hybrids were evaluated for yield
parameters in a RBD design along with the check
CSH15R. The hybrids 949 x 972, 185A x 967,949
X 987, AKRMS 66-2 A X 965, 949 x 965, 949 x
968 and 1409A x 981 gave better grain yield (4.23
to 5.32 t ha") compared to check CSH 15R (3.16 t
ha'). The performance of these hybrids for other
agronomictraitsis given in Table 15.

Table 15 Mean performance of new rabi hybrids
Days to 50% Plant Leaf Leaf Panicle Grainyield 100 seed Seed

Hybrid flowering height length width harvest (tha) weight set

(cm) (cm) (cm) index (9) (%)
949 x 972 72 215 67 6 0.78 5.32 3.7 90
185A x 967 76 211 59 5 0.79 5.18 2.8 85
949 x 987 71 210 77 7 0.74 4.96 3.2 90
AKRMS 66-2 A x 965 83 198 69 7 0.76 4.68 4.3 85
949 x 965 75 203 64 6 0.81 4.67 3.7 90
949 x 968 74 185 73 7 0.77 4.57 3.2 93
1409A X 981 74 193 71 6 0.71 4.23 3.7 80
CSH 15R (check) 75 200 63 6 0.86 3.16 3.6 83
Grand Mean 75 202 68 6 0.78 4.60 85 87
CV (%) 5 17 8 12 17 20 19 19
CD (5%) 7 66 11 1 0.19 1.87 1.2 31
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Fig. 5 Performance of promising advanced single-cut forage lines

(iii) Forage sorghum

Advance single-cut forage lines

Thirteen advanced lines (F,s) derived from cross
involving (SPV 1616 x PC 5) x (SPV 1616 x PVK
809) were evaluated for green fodder yield and
related traits along with checks CSV 21F and HC
308 in RBD with two replications. ANOVA revealed
significant differences among the genotypes for
the forage traits studied. The values ranged
between 66-72 for days to 50% flowering, plant
height (272-337cm), number of leaves (9.17-
11.67), leaf length (83.3-90.9cm), leaf width(7.7-
9.8cm), stem girth (1.05-2.01cm), stem brix (8.5-
12.0%) and green fodder yield (332.5-498.17 q
ha").Three genotypes DSR-SC-40-2 (498.2 g ha™),
DSR-SC-40-8 (470.8 q ha"), DSR-SC-40-7(449.17
g ha') were >20% and >15% superior for green
fodder yield compared to CSV 21F and HC 308,
respectively (Fig. 5). The genotypes also superior
for stem brix content during flowering and other
forage attributes.

Registered a forage sorghum line, SSG 226

Five forage sorghum genotypes with improved
quality, SSG 237, SSG 226, SSG 231, SSG 260 and
SSG 232 were identified promising and sent for

il

Fig. 6 Fresh and dry biomass
yield in sweet sorghum varieties Y,
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registration with NBPGR. These were the
mutagenic derivatives from the popular multi-cut
forage sorghum variety, SSG 59-3. Of these, SSG
226 was registered with NBPGR with the number,
INGR13055. The line, SSG 226 was the outcome of
the efforts made to create variability in SSG 59-3
and to identify lines with improved quality. SSG 226
had low level of HCN (66.6 ppm vs 82.9 ppm of
SSG 59-3) among all the lines tested with high
IVDMD values compared to SSG 59-3 (Table 16).
Its leaf-stem ratio was more compared to SSG 59-
3. This line with a combination of improved traits
may be of interest to forage sorghum breeder
aiming towards improving multicut forage
sorghum for earliness and fodder quality.

(iv) Sweet sorghum

Evaluation of advanced varietal progenies and
hybrids

A trial was conducted during kharif 2013 with
advanced varietal progenies and hybrids. The
material included 12 hybrids (DSRH1-DSRH12), 18
varieties (DSRV1-DSRV18) and CSH 22SS and
CSV 19SS which were used as hybrid and varietal
checks, respectively.

Varietal progenies: Analysis of variance revealed
significant variability for important characters like
total biomass, juice yield, TSS, brix and computed
ethanol yield. DSRV 8 exhibited significant
superiority of 88.8 t ha' (13.52%) for total fresh
biomass over the check CSV 19SS (78.2 t ha")
(Fig. 6). Significant and higher brix was observed
in DSRV 17 (23.20%) over the check (19.20%). The
varieties DSRV 7, DSRV 13 and DSRV 17 exhibited
significantly higher juice yield (10-36%) over the
check. The variety DSRV 17 exhibited significant
superior performance for ethanol yield, TSS, TSI

/ B Ethagol vidd (LBa)  =Juis vield (kL'hap \
1 150
< :: { 1308
5 n| "o G
1% w g
3 s/ o0 3
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Fig. 7 Juice yield and ethanol yield
\_ in sweet sorghum hybrids )
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Table 16 Performance of SSG 226 for forage quality

HCN (ppm)
Genotype 2009 2010 Pooled 2009
SSG 226 64.0 69.2 66.6 51.6
SSG59-3 90.0 757 82.9 46.1
CD (5%) 19.2 140 15.6 3.1

and brix (%) and had significant positive heterosis
of 32.95%, 20.66%, 32.91% and 20.83%,
respectively (Table 17).

Hybrids: Analysis of variance for revealed
significant variability for important characters like
total biomass, juice yield, TSS, brix and computed
ethanol yield. All the hybrids flowered (66-81 days)
significantly earlier than the check CSH 22SS (85
days). The hybrid DSRH 5 (20.10%) recorded
higher brix over the check (14.95%). DSRH 1,
DSRH 2, DSRH 5, DSRH 7 and DSRH 10 yielded

IVDMD (%) Leaf: Stem ratio
2010 Pooled 2009 2010 Pooled
54.6 53.1 0.4 0.3 0.4
48.2 471 0.2 0.3 0.3

4.3 4.0 0.02 0.1 0.1

significantly higher juice and ethanol yields over
the check and a standard heterosis of more than
40% (Fig. 7). The hybrid DSRH 5 had a standard
heterosis of 93.14% for ethanol yield and 45.17%
forjuiceyield (Table 17).

Sweet sorghum as single-cut forage

Nine sweet sorghum advanced progenies were
evaluated during kharif 2013, for their green fodder
yield under single-cut conditions in a replicated
trial. Plant height ranged from 222.50 cm to 327.33
cm with an average of 274.35 cm (Table 18). ICSA

Table 17 Superiority of the sweet sorghum varieties over the check and standard heterosis (%) in hybrids

Entry Days to Plant  Total fresh Brix Stem Dry Juice TSS TSI Ethanol
flowering  height  biomass girth biomass yield yield
Varieties
DSRV 7 9.79 -1.25 9.32 -8.85 13.06*  9.32 36.13** -8.76 23.42 23.53
DSRV 8 13.29 -11.58 13.52* -3.12  24.81** 13.51 15.24 -3.09 11.71 11.83
DSRV 9 3.50 16.12**  -32.81 -13.28 -541  -47.81 -72.28 -13.18 -76.11 -76.05
DSRV 13 9.79 -10.95 11.65 -17.97 14.74  11.65 36.80**  -17.81 12.34 12.41
DSRV 14 22.38 -8.76 6.99 -17.19 5.78 6.99 26.48**  -17.04 3.64 3.78
DSRV 17 2.10 -16.28 -21.91 20.83**  -093 -21.90 10.00  20.66** 32.91*  32.95*
DSRV 18 9.09 15.02** 3.73 -21.09 -4.48 3.72 39.62**  -20.92 10.28 10.21
Hybrids
DSRH 1 -13.61**  10.93 -12.00 10.37 0.00 -11.99 53.93**  10.24  71.94** 71.86**
DSRH 2 -4.73** 1.61 -0.52 4.35 -110  -12.84 47.92** 4.31 53.13*  53.23*
DSRH 3 -13.61** 0.36 -13.05 16.05* -8.84 -16.72 -4.96 15.87* 9.27 8.88
DSRH 4 -21.89**  -20.61 -25.06 -8.70 1.10  -43.21 -32.56 -8.63 -38.69 -38.78
DSRH 5 -19.53**  15.59** 5.74 34.45** 2.21 5.76 4517**  34.07** 93.47**  93.14**
DSRH 6 -18.34**  -10.22 -17.23 5.35 442 -17.23 -3.08 5.27 1.37 1.25
DSRH 7 -15.98** 7.7 5.22 12.37 1.66 5.23 41.47** 1224  58.32** 58.09**
DSRH 8 -11.24** 412 -15.66 31.10**  -13.81 -41.01 427 30.76**  24.25 23.91
DSRH 9 -13.02** 5.91 -13.05 5.02 -8.84  -13.04 15.72 4.95 20.71 20.66
DSRH10 -14.20** 12.54* 13.05 11.04 5.90 13.05 50.78**  10.90  68.40** 68.34**
DSRH 11  -5.92** 10.57 5.74 10.70 3.87 5.74 71.57**  10.60  88.29** 88.00**
DSRH12 -19.53**  -16.49 -3.66 17.06* -8.47  -3.64 -0.54 16.88* 15.26 15.10
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Table 18 Performance of sweet sorghum entries for single-cut fodder

Genotype Plant
height (cm)

27B x URJA (tan) 314.7
NSS 1008A x SSV 84 269.7
(NSSV 9 x NSSV 13) -4-2-1-1-1 268.0
PMS 71A x GP 97 327.3
(SSV 84 x NR 184) x NR 37 259.0
ICSA 675 x ICSV 93046 311.0
((CSV 15 x IS 21891) -1-1-1) x 261.0
(HC 260 x B 35)-2-1-1-1

NSS 1007A x NSSV 352 222.5
NSS 1007 A X Roam 235.5
Mean 274.3
CD (5%) 188

675 x ICSV 93046 and PMS 71A x GP 97 yielded
758.67 (q ha') green fodder followed by
NSS1008A x SSV84 (743.67 g ha’). Values of stem
girth ranged from 1.46cm (27B x URJA (tan)) to
1.82cm (PMS 71A x GP 97). Highest brix (20.53%)
was observed in (CSV15 x 1S21891) -1-1-1) x (HC
260 x B 35)-2-1-1-1 followed by NSS1008A x
SSV84 (20.40%).

Biotechnology
Marker-assisted breeding and Genomics

Mapping fertility restoration (Rf) gene using
CMS 27A

Genetics of fertility restoration on CMS 27A was
studied using 732 F, plants of cross 27A x M 35-1.
Each F, Plant was tagged and selfed to record seed
set as a measure of fertility restoration. Of these
plants, 561 were fertile and 171 were sterile
specifying a good fit to 3 (fertile):1(sterile) ratio
(Chi-square value 0.96, P= 0.00) indicating the
operation of single dominant gene controlling
fertility restoration. In order to locate the map
position of this Rf gene, selective genotyping was
done involving only the sterile F, plants. Of the
several SSR markers tested with parents and F,
plants, markers SB2387 and SB2388 from
chromosome 4 showed co-segregation for fertility
restoration (Fig. 8). Interestingly, a PPR gene
(Sb04g000550) was found to co-exist very near to
the SB2387 locus. Pentatricopeptide repeat (PPR)
genes, through their RNA editing ability are known
to be involved in fertility restoration in many crops
including sorghum. This gene (Sb04g000550)
could be the candidate gene involved in fertility

Brix (%) Stem Green fodder Dry biomass
girth (cm) vyield (q ha™) (tha”)
17.2 1.5 503.0 12.6
20.4 1.7 743.7 18.6
17.4 1.5 685.0 171
19.5 1.8 758.7 19.0
19.3 1.6 530.3 13.3
17.4 1.7 758.7 19.0
20.5 1.6 391.3 9.8
20.0 1.5 519.0 13.0
15.6 1.7 498.3 12.5
18.6 1.6 598.7 15.0
1.6 0.1 17.6 4.4
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restoration on CMS 27A. The SSR makers SB2387
and SB2388 will greatly facilitate maker-assisted
breeding in cytoplasmic male sterile and restore
breeding programs and lay foundation for map-
based cloning of this Rf gene.

DNA markers to distinguish alternate
cytoplasms

The traditional practice of utilizing tester differential
lines containing nuclear Rf genes to determine and
classify the CMS types is time-consuming and
labor-intensive. Therefore, the development of
rapid, robust and reliable DNA markers will help in
molecular phenotyping to unambiguously classify
alternate cytoplasms. A total of 54 chloroplast DNA
(CpDNA) based SSR markers were developed and
used to characterize the cytoplasms from 11
sorghum genotypes (BTx 623, 27A, 296A, USA 1,
USA 2, USA3,USA 4,USA5,BIJJ1,BlJJ2and M
35-1). Of these, Cp24 could clearly distinguish
most of the cytoplasm (Fig. 9a). This marker was
further found to differentiate all the A and B lines
tested, and therefore could be useful in testing
genetic purity of hybrids and parents (Fig. 9b).

Expression of heterosis-related genes of maize
andrice in sorghum hybrids and their parents

Several projects investigating the phenomenon of
heterosis in different crops have contributed to
identification and characterization of a number of
heterosis-related differentially expressed genes
(DEGs). The availability of complete genome
sequence of sorghum and the recently published
Heterosis-related Genes Database (HRGD) has
provided the opportunity for the selection of
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Fig. 8 Map position (bp) of Rf gene
Sb04g000550 on SBI-04

differentially expressed genes in relation to
heterosis, design primers and validate their
expression in other related grass species.

Selection of genes for quantification of their
expression: BLAST analysis was performed using
over 5000 gene sequences (maize, rice and wheat)
in the database against the whole genome of
sorghum as well as EST database of sorghum.
About 60, 77 and 12 heterosis-related genes of
rice, maize and wheat, respectively showed more
than 90% homology with sorghum out of a total of
gene sequences available in the database. Primers
were designed for 40 of these genes (20 each for
maize andrice). Finally 20 genes (15 of maize and 5

Thic

of rice) were selected based on the robustness of
the amplification for further analysis of their gene
expression in a high (27A x RS 673) and a low
heterotic hybrid (7A x CB 26) through real time
PCR. More maize genes were selected since it is
closer to sorghum as compared to rice. The
distribution of 20 genes in the sorghum genome is
showninFig. 10.

Quantification of expression: Leaf tissues were
collected from a high heterotic (27A x RS 673) and
a low heterotic hybrid (7A x CB 26) along with their
parents at critical developmental stages
(vegetative, booting and flowering) and total RNA
was isolated. cDNAs were synthesized using
standard oligo dT primers through reverse
transcription and Real-time PCR was performed
using SYBR Green chemistry. Sorghum Ubiquitin
gene was used as the endogenous control.
Quantification of gene expression through real-
time PCR analysis revealed that eight maize genes
(ZmHG2, ZMmHG7, ZMmHG10, ZmHG11, ZmHG13,
ZmHG14, ZmHG16 and ZmHG 19) and two rice
genes (OsHG1 and OsHG12) exhibited more that
3-fold expression in high heterotic hybrid (27A x
RS 673) as compared to their parental inbreds
whereas the same genes exhibited reduced
expression in the low heterotic hybrid (7A x CB 26)
as compared to its parental inbreds. Folds change
in the expression of maize gene (ZmHG14) and
rice gene (OsHGS8) in sorghum hybrids in
comparison to their parents are represented in Fig.
11. Moreover, in majority of the cases, significant
increase in gene expression was observed from
vegetative to flowering stages. Interestingly, in the
case of rice genes OsHG8, the gene expression
increased from booting to flowering stage in the
high heterotic sorghum hybrid.

Fig. 9 Chloroplast SSR marker (Cp24) distinguishing (a) different cytoplasms and (b) A and B-lines
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confirmed by sequencing. The same was cloned
into pCAMBIA 1305.2. The lacZ alpha and
CaMV35S promoter sequences were excised out
using Hind lll/Ncol; the FM-1 promoter was ligated
at the site preceding GRP (Glycine Rich Protein
signal peptide, from rice)-GUS plus which has
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Fig. 11 Folds change in the expression of (a) ZmHG14 and (b) OsHG8 in hybrids and parents
Top panel is high heterotic hybrid and bottom panel is low heterotic hybrid
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\_ Fig. 12 pCAMBIA1305.2-TDNA with FM-1 promoter and PPT (R) marker )
catalase intron in between GRP and GUSPIus. The were regenerated and advanced for root induction.
orientation of the promoter was verified by using Atotal of 95 plants were regenerated and analysed
BamHI which is located at a terminal site in the FM- for the presence of the transgene. A total of five
1 promoter as well as in the mcs of pCAMBIA plants showed the presence of the transgenes.
1305.2. Further, the selection marker hpt was Transgenic plants with ovule-specific promoter
replaced by bar gene (confers resistance to PPT) showed presence of promoter with GUS gene by
from pCAMBIA3300 (Fig. 12). PCR. Atotal of eight plants showed the presence of

the transgenes. All plants were selfed and seeds

The vector was transformed into Agrobacterium

strain EHA 105 by freeze-thaw method. The collected.

construct was used for validating the expression of The ovules of these transformants in T, generation
FM-1 in mmc of sorghum. This vector was used for were assayed for tissue-specific expression of the
transforming sorghum deploying shoot tip as FM-1 promoter in different tissues such as root,
explants, via somatic embryogenesis pathway in stalk, leaves and floral parts. The plants showed
sorghum via Agrobacterium-mediated GUS expression exclusively in the ovule and
transformation. A total of 3000 shoot meristem stigma in the early stages of flowering indicating
explants were transformed and the selection of the site and stage-specific activity of FM-1 promoter
transformants was done using Phosphinothricin (Fig. 13). This indicated that the promoter can be
(bar transgene confers resistance to used to regulate the expression of genes in ovule
Phosphinothricin). In surviving batches shoots and stigma at early flowering stage.

e I

Fig. 13 GUS expression as driven by the Arabidopsis ovule-specific promoter FM-1 in T, plants

L GUS expression is seen in the ovule region (a), stigma (b&c) and ovarian tissues (d) )

- ______________________________________________________________( 25 I —
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Table 19 Genetic variability, heritability and genetic advance for quantitative traits

Traits Days Days to Plant Panicle Panicle Panicle No.of No.of Seed 100-Seed Seed
to 50% physiological height length diameter  weight  primaries seeds set (%) weight(g) vyield(g)
flowering maturity  (cm)  (cm) (cm) (g panicle™ panicle’ plant’

Minimum 62 113 138 11 4.2 19 51 296  34*(31) 2.1 11

Maximum 74 118 230 25 7.5 67 101 1191 71(89) 4 48

Mean 67 116 185 17 6 47 69 846 60 (75) 3.4 34

cv 1.9 1.2 6.3 7.3 11 23 9.2 20 12 9.4 26

CD 2.1 2.3 19 2 1.1 17 10 281 12 0.5 14

GCV(%) 4.8 0.8 14 21 11 19 17 23 13 11 23

PCV(%) 5.2 1.5 29 22 15 30 19 31 17 15 35

h?(bs) 87 32 24 89 50 42 77 56 54 58 44

GAM 9.3 1 14 40 16 26 31 36 19 17 31

*Arcsine transformed values of percentage with original values showed in parenthesis.

D.Seed Science

Genetic variability for seed setting potential in
parental lines of post-rainy sorghum

Estimation of genetic variability, heritability and
nature of association among different quantitative
traits comprising of plant, panicle, pollen and seed
setting traits among the promising breeding lines
of post-rainy sorghum was conducted during the
post-rainy season of 2012-13 at Centre on Rabi
Sorghum, Solapur. The promising breeding lines
comprising of 11 male sterile lines (104A, 185A, M
31-2A, SL 12A, SL 19A, SL 29A, PMS 20A, SL 59A,
BJMS 2A and SL 73A), 11 maintainer lines (104B,
185B, M 31-2B, SL 12B, SL 19B, SL 29B, PMS 20B,
SL59B, BJMS 2B and SL 73B) and 14 restorer lines
(SLR 31, SLR 57, SLR 67, SLR 70, SLR 72, SLR 75,
RS 585, AKR 354, CSV 14R, SLR 91, BRJ 62, RR-
06-1, SLR 136 and SLR 143) were selected for the
evaluations.

Genetic variability, heritability and genetic advance:
Estimates for 11 traits among the 36 parental lines
indicated that the panicle length, no. of seed
panicle” and seed yield showed high values of PCV
and GCV (Table 19). Panicle weight showed high
PCV (30) but moderate GCV (19). The traits panicle
diameter, no. of primaries panicle”, seed set, 100-
seed weight, showed moderate values of PCV and
GCV. Plant height showed high PCV value (29) but
moderate GCV (14) whereas the traits days to 50%
flowering and days to physiological maturity
recorded low PCV and GCV values. High broad
sense heritability values were noted for days to
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50% flowering, panicle length and no. of primaries
panicle”. The traits days to physiological maturity,
panicle diameter, panicle weight, no. of seed
panicle’, seed set, 100-seed weight and seed yield
plant” showed moderate heritability values. Low
heritability was noticed only for plant height (Table
19). The traits panicle length, panicle weight, no. of
primaries panicle”, no. of seeds panicle” and seed
yield/plant showed high values of genetic advance
over mean (GAM). Plant height, panicle diameter,
seed set and 100-seed weight showed moderate
genetic advance values, whereas days to 50%
flowering and days to physiological maturity
showed low values of genetic advance over mean.

Among 11 male sterile lines, high values of PCV
and GCV were recorded for no. of seed /panicle
whereas the high PCV and moderate GCV were
observed for seed set (Table 20). Moderate
heritability and high genetic advance were
exhibited by no. of seed panicle”.The seed set
showed low heritability and moderate genetic
advance among the male sterile lines. Among 11
maintainer lines, pollen germination showed high
values of PCV, GCV, heritability and genetic
advance followed by no. of seed panicle” with high
PCV, moderate GCV, moderate heritability and high
genetic advance. The pollen fertility and seed set
showed high and moderate heritability values
respectively. Among the 14 restorer lines, the
pollen germination showed high PCV and
moderate GCV, moderate heritability and high
genetic advance. Pollen fertility recorded low
heritability (Table 20). The no. of seed panicle’
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Table 20 Genetic variability, heritability and genetic advance for pollen fertility, pollen germination,
and seed related traits among parental lines

Genotypes Male sterile lines Restorer lines

Maintainer lines

Traits No. of Seed Pollen Pollen No. of Seed Pollen Pollen No.of  Seed
seeds set (%) fertility germination  seeds set fertility germination seeds  set
(%) (%) panicle’ (%) (%) (%)  panicle” (%)
Minimum 296 34* (31) 64(81) 19 476 52 (62) 64 22 (15) 732  60(75)
Maximum 1014 61 (77)  79(96) 56 1191 71 (89) 73 47 (53) 1174 71(89)
Mean 644 52 (62) 73 (91) 37 912 63 (79) 70 32(28) 951 65 (82)
cv 26 13 4.2 19 16 9.2 4.2 22 19 9
CD 284 310 5.2 12 255 10 5 12 310 10
GCV(%) 30 19 6.0 25 19 7.2 2.3 20 6.6 1.3
PCV(%) 40 40 7.3 32 25 12 5 29 21
h*(bs) 57 22 67 64 57 38 23 46 10
GAM 47 18 10 42 29 9 2:3 28 4.4 0.4

*Arcsine transformed values of percentage with original values showed in parenthesis.

exhibited high PCV, low GCV, low heritability, and
low genetic advance values. The R- lines showed
low values of PCV, GCV, heritability and genetic
advance for seed set.

Genotypic and phenotypic correlations: Pollen
fertility showed positive genotypic correlations with
pollen germination (0.21), no. of seed panicle’
(0.11), seed set (0.64), and seed yield (0.23).
Whereas pollen germination showed positive
genotypic association with no. of seed panicle’
(0.34), seed set (0.04), and seed yield (0.43).
Pollen fertility showed positive phenotypic

correlation with pollen germination (0.11), no. of
seeds panicle’ (0.04), seed set (0.15), and seed
yield plant’ (0.12). Whereas pollen germination
recorded positive phenotypic correlations with no.
of seed panicle”(0.13) and seed yield (0.08).

Clustering pattern: The clustering pattern among
the male fertile lines (11 B and 14 R-lines) based on
13 traits related to plant, panicle, pollen and seed
setting grouped the genotypes into four clusters
(Fig.14). Cluster I, comprised of six genotypes
categorized into two sub-clusters, viz., la
represented by two B-lines (104B and BJMS 2B)
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Fig. 14 Clustering pattern of parental lines of post-rainy sorghum
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Table 21 Performance of test lines for shoot fly resistance at Hyderabad (rabi 2012-13)

Particulars DSR-SFR F,
Number of entries 28
Resistant Check: IS 29.1
2312 /1S 18551 (DH%)

I(_Slc_zlil/i)Check. M 35-1 399
Susceptible Check: DJ

6514 / Swarna (DH%) 70.6
Mean (DH%) 35.0
Range (DH%) 29.1-70.6
CD (5%) 4.3
CV (%) 7.5

Selected lines (on a par
with IS 2312/IS 18551)

(i)

and Ib represented by four R-lines (RR 06-1, SLR
70, RS 585 and SLR 143). Cluster Il was the biggest
represented by 11 genotypes which include six R-
lines (AKR 354, BRJ 62, SLR57, SLR 75, SLR 72 and
SLR 67) and five B-lines (SL 12B, SL 59B, PMS 20B,
M 31-2B and SL 45B). Cluster Il represented by
seven genotypes was categorized into two sub-
clusters. The sub-cluster llla contained two R-lines
(CSV 14R and SLR 91) and one B-line (SL 19B)
whereas the sub-cluster lllb contained two R-lines
(SLR 136 and SLR 31) and two B-lines (SL 29B and
SL 73B). Cluster IV was represented by only one B-
line 185B.

Crop Health
Pest management

Identification of new and improved sources for
shoot fly resistance

A total 137 experimental lines were evaluated
during rabi 2012-13 along with resistant check IS
2312, IS 18551 and susceptible checks DJ 6514
and/or Swarna. Local/commercial check M 35-1
was also incorporated. Of 137 lines, 90 (DSR-SFR-
F, = 28, DSR-NGSN = 32, ICRISAT-SFRN=30)
were evaluated at Hyderabad and 47 (IASFN = 21,
AICSIP B &R lines = 14, AICSIP local checks = 12))
were evaluated at Solapur. The results are
presented in Table 21and 22.

During kharif 2013, a total 276 experimental lines
selected from kharif 2012 and 40 F, populations
from R-lines (Elite DP: 35, F,-F, SPRN: 45, Forage

EC 15 x POP 52-1-3-1, (PEC 1 x LG
Kumbharilocal) x EC 15-7-1), CSV 216R
x EP 133-2-1, CSV 22 x EC 12-4-1, EC
15 x EP 57-6-1, EC 15, POP 52, LG
Kumbharilocal, PEC 1,EC 19andEC 15

28

DSR-NGSN ICRISAT-SFRN
32 30
28.8 28.1
51.2 41.4
72.0 72.5
43.3 39.1
28.8-75.0 28.1-72.5
10.2 4.9
14.4 6.5
EP 31, SEVS 12, ICSB 463, ICSV
E 88, PEC 6, NSJB 93046, IS 5480,
6596, NSJB 6597, M 35-1 (Tan
NSJB 6604, NSJB Bulk), PU 10-1
6629 and EG57 and RSV 1090

SF: 24, CMS & F,,,:140, PDRN: 12, and
ISPRN-ICRISAT: 20) were evaluated for shoot fly
resistance along with resistant check IS 18551 and
susceptible check DJ 6514/Swarna. A local check
CSV 15 was also incorporated. The results are
presented in Table 23.

One hundred and forty genotypes comprising new
CMS lines and restorers (F,-F,,) (including resistant
and susceptive checks) were evaluated in
collaboration with breeders under institute project
for shoot fly resistance at 28 DAE. Twelve test
entries derived from entomology and pathology
section, 20 test entries from International Shoot
Pest Resistance Nursery were also evaluated for
shoot fly resistance. The results are presented in
Table 24.

Identification of promising lines for sugarcane
aphid (Rhopalosiphum maidis) resistance

A total of 53 experimental lines comprising of 28
from DSR and 30 lines from ICRISAT were
evaluated with resistant check TAM 428 and
susceptible check Hathi Kuntha for aphid
resistance at CRS, Solapur during rabi 2012-13. A
local check M 35-1 and CSV 18R were also
incorporated. The colonization of sugarcane
aphids (no of aphids cm® on 3 leaves) at milky stage
was recorded, which ranged from 12.7 to 22.6
aphids cm?® leaf" with an average 17.7 aphids cm®
leaf'. The lowest population (<15 aphids leaf') was
recorded in SLB 80, ICSV 700 and KR 196. The
aphid damage rating (1-9) ranged was from 3.3 to



Research Accomplishments

I)m

Table 22 Performance of test lines for shoot fly resistance at Solapur (Rabi 2012-13)

Particulars AICSIP- IASFN
Number of entries 21
Resistant Check: IS 2312/ IS 26.1
18551 (DH%)
Local Check: M 35-1(DH%) 40.2
Susceptible Check: DJ 6514 / 71.5
Swarna (DH%)
Mean (DH%) 345
Range (DH%) 26.1-71.5
CD (5%) 9.1
CV (%) 16.0

Selected lines (on a par with
IS 2312/I1S 18551)

NRCSFPR09-3,
NRCSFPR10-4,
M 35-1 x RR 9808,

RSE1003, RSE
1607 & RSEO03

7.7 with an average of 5.3. The entries that
recorded damage up to 4 rating were SLB 78, SLB
80, KR 191 and KR 196 (Fig. 15).

In another trial, 25 elite entries from ICRISAT were
subjected to evaluation for aphid resistance during
rabi 2012-13. The colonization of sugarcane
aphids (no of aphids cm?® leaf") at milky stage was
recorded, which ranged from 29.0 to 39.0 aphids

B &R lines LC-SF

14 12

22.8 15.1

36.2 29.7

72.0 71.2

36.5 33.1

22.8-72.0 15.1-71.2

5.7 6.2

9.4 11.0
SLB 54, SLR 70 and Parbhani Moti,
SLR 71 CSV 216R, Phule

Anuradhaand K8

cm? leaf' with an average 32.9 aphids cm? leaf".
The lowest population (<30 aphids leaf') was
recorded in ICSB 323 and ICSV 12001. The aphid
damage rating (1-9) ranged from 2.7 to 8.0 with an
average of 4.0. The data was significant at 5% level.
The entries that recorded damage up to 4 rating
were ICSV 12004, RSV 11, RSV 1211, RSV 1338, IS
40615and 1S 40617 (Table 25).

Table 23 Performance of test entries for shoot fly resistance (Kharif- 2013-14)

Particulars Elite-DP
Number of entries 35
Resistant Check: IS 2312 (DH%) 41.8
Resistant Check: IS 18551 (DH%) 39.7
Local Check: CSV 15 (DH%) 52.8
Susceptible Check: DJ 6514 (DH%) 85.2
Susceptible Check: Swarna (DH%) 87.1
Mean (DH%) 51.4
Range (DH%) 38.9-87.1
CD (5%) 10.0
CV (%) 11.9

Selected lines (on a par with resistant 1S 93046, LDR 238, PGN

check)

39, SUENT 13, AKR 354,
RSSV9,ICSB411andIS
2146,

29

DSR F,-F, Forage
45 24
38.2 41.0
37.7 39.6
58.4 -
87.1 83.0
91.6 88.2

54.1 53.6
37.7-91.6 39.6-88.2
8.0 11.3
7.3 12.8
((PGN 35 x PGN 30)-3-2-2,  CO (FS)-29,

(EP 60 x IS 18551)-3-1-3,
(ICSV 700 x IS 2205-1)-3-
, (ICSV 700 x ICSV 705)-
1,(M35-1 x IS 2312-1)-
2, (M35-1 x ICSV 714)-
-1,EC 15and SUENT 13

1-2
1-2-
3-2-
3-1

Katarkhatav, Rampur
local, S 541and SL44
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Table 24 Performance of test lines for shoot fly resistance (kharif 2013)

Particulars
Number of entries
Resistant Check: IS 2312 (DH%)
Resistant Check: 1S 18551 (DH%)
Local Check: CSV 15 (DH%)
Susceptible Check: Swarna (DH%)
Mean (DH%)
Range (DH%)
LSD (5%)
CV (%)

Selected lines (on a par with resistant
check)

ISPRN
CMS lines and Restorer (F,F,,) lines PDRN-SF (ICRISAT)
140 12 20
40.9 - 34.4
= 41.8 31.8
62.2 57.4 -
94.5 80.7 78.7
53.9 58.5 441
36.8-94.5 41.8-80.7 28.6-82.4
12.1 7.9 12.2
11.5 8.0 15.6
AKR 150 x NR 37, 3023 x 3024A, NR 34 RSSV 9, ICSV 700, ICSV
x ICSR 13, NR 37 x ICSR 143, 3035 x SUENT 13 705, ICSV
3036A (296B x 264B), RS 673 x ICSR and GMR 25019, ICSV
89075, 3005 x 3006, RS 673 x ICSR 309 25026, ICSV
93001, RS 29 x NR 486, NR 37 x ICSR 93046, ICSB
143,RS 673 x ICSR 89075, RS 29 x ICSR 413 and ICSB

31,NR34 x ICSR13,296B x 264B, NR 37
x ICSR 143, RS 29 x ICSR 165, NR 34 x
ICSR 13, Indore 12 x ICSR 16 and 3039 x

444

3040A

Exploitation of entomopathogenic fungi for
management of sorghum pests

A total of 17 isolations of Metarrhizium were made
(from cultivated soils, host insects) from
Hyderabad, Kovilpatti and Dharwad and are being
maintained. The growth parameters of these
isolates were studied at 26-28°C. The radial growth
ranged from 3.5 — 6.5 cm by 9" day of inoculation.

/ 1350

B Darmagesating B Papulatior

& & P
##fb

Promising lines

'\* Q?'

Fig. 15 Aphid population and damage rating
in promising entries under artificial condition

Aphid pop{flo/sgom) Damage rating (1-9)

30

Maximum growth was recorded in the isolate
MA 16 followed by MA 7. Maximum spores were
produced by the isolates MA16, MA 17, MA 11,
MA 7, MA 15 and MA 6 (Table 26). The cultures of
Metarrhizium started sporulating from 9" day of
inoculation.

Exposing fungal isolates to 35 and 40°C revealed
that there was 15.4 and 34.5 % reduction in radial
growth over control (26-28°C), respectively. There
was 12.2 and 32.1% reduction in spore production
at 35 and 40°C, respectively. The Metarrhizium
isolates viz., MA 11, MA 17 and MA 7 were found to
be the best in terms of spore production at high
temperatures. Evaluation of the effect of the isolate
MA 16 against C. partellus indicated that the
condial dose of 1x10° was found to be optimum to
infect larvae of C. partellus (Fig.16). By the third
day of infestation, the larvae becomes sluggish
and mycosis was observed by the 10" day of
inoculation.

Shoot bug tolerance

Evaluation of varieties and hybrid parental lines
(238 entries) for shoot bug tolerance was carried
out during rabi 2012-13. Shoot bug nymphs and its
adult population per plant were recorded at 45, 52,
59, 66 and 73 days after emergence. Significant
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Table 25 Evaluation of promising lines for plant damage due to aphid (Rabi 2012-13)

Particulars

Number of entries
Resistant Check: TAM 428
Susceptible Check: Swarna
Mean

Range

CD (5%)

CV (%)

ICRISAT-APHN (rating <4 .0)

25
3.2
8.0
4.0
2.7-8.0
0.9
14.2

Selected lines(on a par with TAM 428) ICSV 12004, RSV 11, RSV 1211, RSV 1338, IS 40615 & IS 40617

differences were found between nymphs and its
adults at 45 days after emergence. The promising
entries for shoot bug tolerance are IS 8742, IS
11189, Phule Chitra, Phule Revati, DSV 4, DSV 5,
CSV 216R, IS 23528, IS 28792, CSV 22, EP 42, EP
57,EP64,EP 105, AKMS 14B, C 43, 27B and (M 35-
1 x DSV5).

Integrated pest management for shoot fly, stem
borer and shoot bug

To identify the cost effective Integrated Pest
Management module for the shoot fly, stem borer
and shoot bug, the effect of insecticides namely,

neem oil (5%), imidacloprid, cypermethrin,
carbofuran 3G, methyl demeton (0.07%) on pest
population was evaluated during kharif 2013.
Observations on shoot fly eggs and its deadhearts
were monitored at 14, 21 and 28 days after sowing.
Shoot bug nymphs and its adults were enumerated
at 45, 60 and 75 days after germination. Stem borer
dead hearts were recorded at 30 and 45 days after
germination.

Shoot fly: At 28 days after germination, the least
number of deadhearts (18.8%) recorded with the
module: seed treatment with imidaclopid @ 14 ml
kg" of seed, spraying of neem oil @ 5% at 10 days

Table 26 Growth characters of Metarrhizium isolates at 26-28°C

Isolates Radial growth (cm) Spores (x107)/ ml” Source
MA 1 4.8 1.9 Kovilpatti
MA 2 51 1.5 Kovilpatti
MA 3 5.3 25 Dharwad
MA 4 5.4 23 Dharwad
MA 5 4.6 2.8 Hyderabad
MA 6 5.2 315 Hyderabad/borer
MA 7 5.8 3.8 Hyderabad/shoot bug
MA 8 4.8 2.5 Hyderabad
MA 9 5 3.2 Hyderabad
MA 10 4.5 2.6 Hyderabad
MA 11 a5 3.8 Hyderabad
MA 12 &7 1.1 Andaman & Nicobar Islands
MA 13 3.8 1.4 Andaman & Nicobar Islands
MA 14 4.2 1.3 Andaman & Nicobar Islands
MA 15 5.1 3.7 NCIPM
MA 16 6.5 4.2 NCIPM
MA 17 45 3.8 NCIPM
CD (5%) 0.7 0.7
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after germination, whorl application of carbofuran
3G @ 15 kg ha at one month after germination and
spraying of methyl demeton @ 0.07% at two
months after germination. This module was
statistically on a par with all the modules except
normal sowing (36.5% DH).

Stemborer: At 45 days after germination, the least
number of deadhearts (11.2%) was recorded with
seed treatment with imidacloprid @ 14 ml kg" of
seed, spraying of neem oil @ 5% at 10 days after
germination, whorl application of carbofuran 3G
granules @ 15 kg ha' at one month after
germination, and spraying of methyl demeton @
0.07% at two months after germination which was
statistically on a par with all modules except normal
sowing (17.5% DH).

Shoot bug : At 45 days after germination, the least
number of shoot bug nymphs plant’ (11.5) was
recorded with the module: seed treatment with
imidacloprid @ 14 ml kg' of seed, spraying of
neem oil @ 5% at 10 days after germination,
carbofuran 3G @ 15 kg ha' at one month after
germination and spraying of metasystox @ 0.07%
at two months after germination, which was
statistically on a par with the modulei.e. spraying of
cypermethrin at 10 days after germination, whorl
application of carbofuran 3G @ 15 kg ha" at one
month after germination and spraying of methyl
demeton @ 0.07% at two months after germination
(14.3). This module was also effective in reducing
the shoot bug population recorded at 45 - 75 days
after germination. Moreover, this module that
recorded the maximum sorghum grain yield (33.0
g ha’), gross returns 58,600 ha'), cost of
cultivation 15,500 ha™) and net returns (X 43,100
ha') was found effective.
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(ii) Disease management

Relationship of sorghum plant and panicle
characters with seed rotinduced by grain mold

Grain mold caused by Fusarium species is capable
of infecting spikelet tissues at anthesis and often
inducing seed rot. It is an important character for
precise evaluation of grain mold resistance during
early stage especially under the condition of
artificial inoculation. Inter-relationship study
showed that seed rot had strong relationship with
panicle grain mold score (PGS) (p<0.01).
However, it is not known how plant morphology
and panicle characters and plant height effect seed
rot in sorghum. Thirty-six recombinant inbred lines
(RILs) along with grain mold resistant (B 58586)
and susceptible (296B) parents were evaluated
during two consecutive seasons in replicated field
trials for resistance to Fusarium grain mold using
artificial inoculation. A high degree of variability
was observed among the RILs for all the characters
(seedrot, plant height and panicle structure, glume
color and glume cover) examined. Analysis of
variance revealed that genotype had a large effect
on all the characters and environment (year) had a
large effect on all the characters except two panicle
characters glume coverage and glume color
(Table 27). Seed rot varied from 13 to 93% among
the RILs. Correlation studies showed that Fusarium
induced seed rot had strong negative relationship
with glume color (p<0.01) and positive
relationship with panicle compactness (p<0.01)
(Table 28). Seven RILs (RIL 004, RIL 166, RIL 092,
RIL118, RIL 161, RIL 172 and RIL 030) had seed rot
resistance on a par with resistant parent, B 58586
but with less coverage of grain with glume and high
panicle compactness. The study showed that seed
rot, glume color and panicle structure are
important characters that play significant role in
precise evaluation of grain mold resistance on
artificial inoculation.

Conidial germination rates of grain mold fungi

Inhibition of spore germination or its retardation by
antifungal chemicals or fungal sex pheromones
provides time for the plant to progress to a stage
where it can escape the disease. Faster rate of
spore germination helps fungi to be competitive
particularly when the space is limited as is the case
inside a sorghum floret. Species of Fusarium,
Curvularia, Alternaria and Bipolaris are commonly
found in India that start infection in sorghum floret
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Table 27 Analysis of variance for seed rot, panicle characters and plant height of sorghum lines
artificially inoculated with Fusarium spp.

Mean squares

Sources DF Seed rot’ Glume Glume color’ Panicle Plant height
coverage® compactness®

Genotype 39 1876.3* 1210.2* 2.10* 2.13* 6218.9*

Season 1 3910.5* 225.6 0.01 8.10* 8251.3*

GenotypexSeason 39 515.0* 188.5* 0.90* 0.48* 701.6*

Error 80 184.4 85.9 0.47 0.23 152.9

*Seed rot - measured on random samples from panicle at physiological maturity and expressed as % total seed,
*Glume coverage - measured in percentage (25 to 100%), “Glume color was measured on a scale of 1 - 5,
‘Panicle compactness - measured on a scale of 1 — 4.

*Significant at p<0.01.

at the time of anthesis and continue to deteriorated
grain at different pace depending on weather
conditions. Air-borne spores of these fungi, mostly
conidia, are main sources of primary inoculum.
Conidial germination rates of four grain mold fungi
were examined on standard glass surface.
Percentage of germinated spores was determined
by microscopic examination (10X) of spores
(minimum 200 spores) for evidence of germ tube
emergence at 2h time interval. Bipolaris spp. was
the fastest to initiate germination within 6h and took
15h for 50% spore germination. On the other hand,
Fusarium spp. was the slowest and took almost
14.8h for initiation of germ tube and 18.5h for 50%
germination. However, Fusarium took least time
(9.3h) to reach 100% germination from germ tube
initiation time. Alternaria spp. took the longest time
(>26h) to reach 100% germination. There were
variations in type of germination and number of
germ tube formation (Fig. 17). The information is
helpful to understand competitiveness of grain
molds and disease development.

Epidemiology of sorghum anthracnose

Sorghum germplasm (25) grown under three
different soil moisture regimes were evaluated for

their yield and reaction to sorghum anthracnose
caused by Colletotrichum graminicola P. Henn.,
Kabat&Bubak, at CRS, Solapur during rabi 2012-
13. The incidence of anthracnose was higher in
genotypes grown under no stress conditions
compared to stress free up to 50 days of sowing
and crop grown under receding moisture stress
conditions. Among 25 genotypes tested, the
highest incidence of anthracnose was recorded in
entry EP 50 grown under no stress conditions. Two
genotypes viz., PEC 1 and Mahindari 3 were
resistant to anthracnose with a disease of score 3
on 1-9 scale. The grain yield recorded across all
genotypes grown under no stress conditions
ranged from 1527 to 7357 kg ha". The crop growth
under severe moisture stress condition (rainfed)
was poor with smaller ear head size and lesser
number of seed panicle’. EP 50 and Phule
Anuradha were highly susceptible, which recorded
the highest disease incidence. With increased
moisture stress conditions, the genotypes took
more time to flower, and lesser grain filling period
resulting in low grain yield. A temperature of 18-
38°C, with a relative humidity of 30-80% during
reproductive phase was found to be conducive for
the development of anthracnose.

Table 28 Correlation coefficients among seed rot, panicle characters and plant height

Seed rot Glume cover Panicle compactness Plant height
Characters r o] r o] r p r o]
Glume cover 0.03 0.72
Panicle compactness 0.34 0.00 -0.47  0.00
Plant height 0.05 0.57 0.55 0.00 -0.32 0.00
Glume color -0.36  0.00 -0.03 0.72 0.01 0.89 0.03 0.70

r = Pearson's correlation coefficient; p = probability values.
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Fig.17 Conidial germination pattern of major grain molds of sorghum. A) Fusarium,
L B) Curvularia, C) Alternaria and D) Bipolaris )

Evaluation of sorghum germplasm lines for
sorghum anthracnose

One hundred sorghum germplasm lines collected
from Gujarat, Madhya Pradesh, Rajasthan and
Tamil Nadu were evaluated for their reaction to
sorghum anthracnose caused by Colletotrichum
graminicola and leaf blight caused by Exserohilum
turcicum at CRS, Solapur during kharif 2013 along
with eight checks (seven resistant and one
susceptible check) in an augmented design. Each
entry was planted in 3 m row at spacing of 45 x 15
cm. The incidence of sorghum anthracnose was
recorded on 1-9 scale at physiological maturity.
The midrib infection due to sorghum anthracnose
was recorded in cm on the leaves, while leaf spot
infection was assessed on 1-9 scale. Of 100
germplasm lines evaluated, 20 accessions
recorded resistance reaction with an incidence of
less than 3, while 33 accessions were moderately
resistant and all others were highly susceptible
with an incidence of more than 5 on 1-9 scale. The
susceptible entry Khaddar recorded an incidence
of 8, while resistant checks viz., IS 1107 and IS
9627 recorded 2.5. The mean midrib index was
found to be 3.7, while leaf spot index was 4.8. With
respect to the incidence of leaf blight, only four
entriesviz., E1,EG 11, ERS 16 and GGUB 25 were
found to be highly resistant with a reaction of <3 on
1-9 scale, while all other entries were highly
susceptible with areaction of >7.

Crop Production
Crop management

Efficacy of plantozyme and planto granule (Bio
extract organic product) in rabi sorghum

A field experiment was conducted during rabi
2012-13 to evaluate the effect of plantozyme and
plantogranules (bacterial and algal extracts) on
productivity of rainfed rabi sorghum. Treatments
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include plantogranules @ 20 kg ha' as soil
application, plantozyme@ 2 ml I water sprayed at
35 days after sowing (DAS), plantozyme @ 2 ml I”
water sprayed at 60 DAS, plantozyme @ 2 ml I
water sprayed at 35 and 60 DAS, plantozyme @ 2
ml " water as seed treatment and RDF (60:30:30 kg
ha' NPK) alone replicated four times in a
randomized block design. Results revealed that
application of these compounds along with RDF
improved the grain yield of rabi sorghum as
compared to RDF alone (Table 29). Foliar spraying
of plantozyme @ 2 ml I water at 35 and 60 DAS
significantly increased the grain yield (1570 kg ha™)
of rabi sorghum compared to RDF alone (1178 kg
ha').

Tillage and INM in grain sorghum

Afield experiment was laid out during kharif 2013 to
reduce the cost of sorghum production through
reduced tillage and INM practices. Treatments
comprised of three tillage systems (conventional,
minimum and zero) and four INM practices (Table
30). Conventional tillage (CT) consisted of
mouldboard ploughing once, fb disc harrowing
twice and criss-cross rototilling. Reduced tillage
(RT) consisted of two harrowing by disc harrow-
criss-cross. Zero-till (ZT) crops were planted by
direct seeding into dead residue of the previous
crop without field preparation. Glyphosate @ 1%
was applied one week before seeding in all the
zero-till plots to kill the existing vegetation. Results
revealed that CT (2504 kg ha') produced the
highest grain yield, but was on a par with RT (2239
kg ha'). Zero tillage produced significantly lowest
grain yield (1183 kg ha"). Application of 75% RDF
(60:30:30) (75% through inorganic+25%N
through vermicompost) + PSB+ Azospirillum
produced the grain yield (2014 kg ha™) on a par to
RDF (2232 kg ha’), indicating the possibility of
reducing 25% dose of inorganic fertilizer and tillage
operation.
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Table 29 Effect of plantozyme and plantogranules on growth and yield of rabi sorghum

Treatments Plant height Days to
(cm) at 50%
harvest flowering

RDF (60:30:30 NPK kg ha™) 193 4

+ plantogranule @ 20 kg ha’

RDF + plantozyme spraying 191 73

@ 2mll" at 35 DAS

RDF + plantozyme spraying 190 74

@ 2 ml " at 60 DAS

RDF + plantozyme spraying 194 74

@ 2mlI" at 35 and 60 DAS

RDF + plantozyme @ 2 ml I 192 73

as seed treatment

RDF alone 190 73

CD (5%) NS NS

Impact of rainy season legumes on N and water
economy of rabi sorghum

A field experiment was conducted during rabi
2012-13 to see the impact of rainy season legumes
on N and water economy of rabi sorghum. Five
main plots comprised of three rainy season
legumes viz., Dhaincha as green manure, cowpea
as fodder and greengram for grains and green
manure; kharif fallow and ridge and furrow. Sub-
plot (four levels of irrigation as 1, 2, 3 and 4) and
sub-sub plot (4 N levels as 0, 30, 60 and 90 kg ha)
were superimposed during rabi season sorghum.
The experiment was conducted in a strip-strip-plot

Days to 100 seed Grainyield Stover Harvest
physiological weight (g) (kg ha') vyield (kg index
maturity ha™) (%)
118 2.97 1229 7500 26.1
119 2.94 1198 7322 25.8
119 2.98 1570 7756 24.9
119 3.03 1266 6867 26.9
119 2.98 1201 7444 24.3
118 3.04 1178 8422 23.8
NS NS 224 1276 2.4

design with three replications. Results revealed
that preceding legume crops had significant
positive impact on the fertility and soil moisture
content. Grain yield of rabi sorghum was
significantly improved by kharif legumes. Among
legumes, incorporation of Dhaincha as green
manuring (4163 kg ha™) was significantly superior
to cowpea (3750 kg ha™) and green gram (3792 kg
ha') (Table 31). Rabi sorghum responded
significantly up to 4 irrigation. However, maximum
increase in yield was obtained with two irrigations.
Increasing N levels up to 90 kg ha gave significant
increase in grain yield. Incorporation of Dhaincha
with no nitrogen (3139 kg ha™) yielded higher than

Table 30 Interaction effect of tillage and INM on grain yield (kg ha™)

INM practices

Conventional

RDF (80:40:40 kg ha™)

75% RDF (60:30:30) (75% through
inorganic+25%N through vermicompost)
+ PSB+ Azospirillum

75% RDF (60:30:30) (75% through
inorganic + Dhaincha incorporation) +
PSB+ Azospirillum

75% RDF (60:30:30) (75% through
inorganic + Dhaincha mulching by 2,4-D)
+PSB + Azospirillum

Mean

2970
2591

2334

2119

2504

Tillage
Mean
Reduced Zero
2349 1376 2232
2282 1170 2014
2212 1171 1906
2113 1016 1749
2239 1183 -

CD (5%) for tillage: 476; INM: 202; Comparison of means at the same level of tillage: 350; Comparison of

means at the different level of tillage: 560
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Table 31 Effect of rainy season legumes, irrigation and N levels on grain yield (kg ha") of rabi sorghum.

Crops

Dhaincha

Green gram

Cow pea

Fallow

Ridge and Furrow

Irrigations

11
12
13
14
Mean
11
12
13
14
Mean
11
12
13
14
Mean
11
12
18
14
Mean
11
12
13
14
Mean
Irrigations
11
12
13
14
Mean

NO
2571
3015
3322
3646
3139
2080
2576
3062
3065
2696
2038
2362
3070
3671
2785
1816
2313
2603
2807
2385
1712
2121
2689
3270
2448

2043
2477
2949
3292
2690

N30
3001
3953
4527
4546
4007
2817
3780
4008
4066
3668
2187
3531
3885
3961
3391
2584
2862
3004
3503
2988
1961
2987
3476
3605
3007

2510
3423
3780
3936
3412

Nitrogen levels

N60

3064
4307
5163
5229
4441
3185
4277
4497
4543
4126
2672
3342
4274
4686
3744
3416
3525
3605
4477
3756
2782
3822
3866
4708
3794

3024
3855
4281
4729
3972

CD (5%): legumes (L)-116, Irrigation (I)-112, N-165, L x I-147, L x N-300, | x N-300
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N90

3369
5150
5701

6050
5067
4071

4296
5086
5256
4677
2810
4046
5421

6047
4581
4159
4291

4872
5429
4688
3729
4957
5265
5775
4932

3628
4548
5269
5711
4789

Mean
3001
4106
4678
4868
4163
3038
3732
4163
4232
3791
2427
3320
4163
4591
3750
2994
3248
3521
4054
3454
2546
3472
3824
4340
3545

2801
3576
4070
4417
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that of kharif fallow with 30 kg ha™ N (2988 kg ha™)
and ridge and furrow (3007 kg ha™) indicating the
saving of N due to Dhaincha.

Abiotic stress management

Promising germplasm and advance breeding
lines for post-flowering drought tolerance

A set of 30 genotypes were evaluated under two
water regimes viz., well watered (WW) throughout
the growing season and water stressed (WS)
during the post-flowering period at Rajendranagar
and Solapur, while at Rahuri the trial was
conducted only under WS regime. The crop was
kept free from water stress by providing irrigation
throughout the season under WW treatment. In WS
treatment, the crop was kept free from water stress
like WW till 45 DAS and water stress was imposed
by withholding the irrigation till final harvest. The
experiment was in alpha design (6 x 5) and each
treatment was replicated thrice.

Both mean grain yield and mean total dry matter
reduced under WS as compared to WW
conditions. The reduction in grain yield was 60% at

Thic

Solapur, while it was 28% at Rajendranagar as
compared to their respective WW treatment. The
grain yield was on a par at Rajendranagar and
Rahuri and was approximately 4.5 higher than that
at Solapur. The promising genotypes common at
three locations were EP 87, EP 57, CRS 19, and
Phule Chitra (Table 32).

Evaluation of promising germplasm and
advance breeding lines for key adaptive traits
for post-flowering drought tolerance

The evaluation for key adaptive traits such as
transpiration efficiency (TE), pattern of water-use
and water extraction ability was conducted in
lysimeter facility at DSR. This facility consists of
polyvinyl chloride (PVC) tubes of 30cm diameter
and 2.0m length, filled with a sandy-clay loam
Alfisol. The tubes were set in 2.0 m deep trenches
so that the top of the cylinder was at the ground
level, which avoided the sun beaming on the
lysimeters. The PVC end-plate was placed on top
of four screws 3cm from the bottom of the cylinders
to prevent the soil from seeping through. The end-
plate did not fit the cylinder tightly, allowing water

Table 32 Variation in grain yield (GY), total dry matter (TDM) accumulation and green leaf
area retention (GLAR) at WW and WS conditions during rabi 2012-13

Treat
ment

Locations

Rajendranagar WW

WS

Www

Solapur

WS

Rahuri

WS

WW - Well Watered

Range

GY TDM
(gm®  (gm?)

172-488 683-1443

108-398 476-1323

54-278 420-1474

15.2-139 399-1189

126-361 827-1918

GLAR

(%)
26-67

11-53

54-88

12-32

21-52

WS - Water Stressed

37

(gm™)

Mean

GY TDM
(gm?)

334 1088

239 814

132

915

52 757

234 1250

GLAR
(%)

44

34

72

19

36

Top genotypes on
the basis of TDM

EP57,EP 87, EP 81,
SLV 91, CRS 16,
CRS 19, RSV 1098,
Phule Chitra and
PEC 22

PEC 22, EP 87, EP
57, EP 81 CRS19,
CRS 16, RSV 1098
and Phule Chitra,

EP 13,EP 14, EP 81,
RSV 1098, RSV
1055, CRS15, Phule
Chitraand PEC 22

EP 13,EP 14,EP 81,
RSV 1098, Phule
Chitra, CRS 7 and
CRS 22

Phule Chitra, RSV
1098, RSV 1073,
CRS 4, EP 93 and
SLV o1



Fig. 18 Lysimeter facility for meaéuring
the key adaptive traits in sorghum
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drainage. The cylinders were filled with soil (Alfisol)
in three increments of dry soil. First two increments
were of 40 kg soil each followed by third increment
of 26 kg dry soil. After each increment of soil, water
was added based on water holding capacity of the
Alfisol (~20%). Therefore, 8| of water were added
to each 40-kg increment. After adding and
watering 40 kg of soil three times, an additional 15
kg of dry soil was added to each cylinder and
watered with 3l. At that stage, the cylinders were
almost filled at the desired level (i.e. ~5 cm from
the top). Finally, all cylinders were topped up with
dry soil to ensure they were filled to the same level.
A few more liters of water were added to the
cylinders, resulting in drainage at the bottom. The
lysimeters were separated from one another by a
distance of ~5 cm. Weighing of the cylinders was
done by lifting the cylinders with a block-chained
pulley, and an S-type load cell (Mettler-Toledo,
Geneva, Switzerland) was inserted between the
rings of the cylinder and the pulley. A low cost rain-
out shelter was fabricated and installed to protect
the lysimeter experiment from rains (Fig. 18).

During rabi 2012-13, 30 genotypes were evaluated
in lysimeter for the key adaptive traits. Four to five
seeds were sown in each cylinder. Plants were
thinned to one seedling per cylinder at 25 DAS. All
plants were kept under fully irrigated conditions
until 30 DAS. At 30 DAS, the cylinders were
covered with a 2-cm layer of low density
polyethylene beads to prevent soil evaporation
(which approximately cut 90% of the soil
evaporation). Weighing of the cylinders was first
done at 30 DAS, and then subsequently every
week. This gave a total of 10 weights until harvest
for plants. The plants received no water from 30
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DAS until maturity, except for 2I, which was added
to all cylinders at 76 DAS. Transpiration was
calculated for two week intervals between 30 DAS
and maturity. Pre- and post-anthesis transpiration
were calculated. At harvest, leaf, stem and panicle
weights were taken and oven dried for 72 h at 70°C.
HI was calculated as the ratio of grain yield divided
by the total aboveground biomass. Transpiration
Efficiency was calculated as the ratio of the total
aboveground biomass to the sum of transpiration
values between 30 DAS and maturity.

Pattern of water use is critical for drought
adaptation. From the results obtained, it was
established that water extraction in pre-anthesis
period is negatively correlated to the water
extraction in the post-anthesis period (Fig. 19).
This observation is very important since rabi
sorghum is grown as rainfed crop on residual
moisture, the genotypes which use less water
during the pre-anthesis stage would be having
more water available during post-anthesis period
forimproved grainfilling.

Water extraction ability differed across sorghum
germplasm and advance breeding lines. It ranged
from 10-161 plant’. This can be exploited in
improving adaptation of rabi sorghum under post-
flowering drought situation.

A two-fold variation in transpiration efficiency (3.2
to 6.7 g kg") indicated that there is large scope for
improving the water use efficiency of rabi sorghum
to adapt to water scarcity during the post-flowering
growth period.

Screening of high biomass lines for salinity
tolerance

The experiment was conducted in plastic pots of 15
kg soil capacity filled with equal amount of soil and
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Fig. 20 Screening of sorghum genotypes
for salinity tolerance

three levels of salinity (non-saline, salinity of 10 dS
m" and salinity of 15 dS m”) (Fig. 20). The pots
were kept overnight and 40 genotypes were sown
next day in three replications with 5 seeds pot”.
Plants were thinned to one plant pot™ at 25 DAS. A
few unplanted pots with three levels of salinity were
kept for weighing on weekly basis to determine the
evaporation of water under three salinity levels.
Based on this calculation, required amount of
water was replenished in each pottwice aweek.

Among the growth parameters, plant height varied
from17cm (IS 16611) to 65.7 cm (CSH 24MF) at 10
dS m" and the variation was from 0 cm (dead plant,
IS 25234) to 58 cm (CSH 24MF) at 15 dS m™. Even
though salinity affected the number of leaves
produced (8 at 10 dS m", 7 at 15 dS m") as
compared to 9 under non-saline conditions, some
genotypes produced similar number leaves
irrespective of saline or non-saline conditions (IS
6750, IS 13762, Gwalior I, SSV 74, ICSSH 28).
Variability in shoot and root biomass accumulation
under salinity conditions was evident, which
ranged between 4.5 and 30.8 g plant” under 10 dS
m" and 0 (dead plant) and 21.3 g at 15 dS m"
salinity. The root:shoot ratio also decreased under
saline condition and the decrease was more with
higher level of salinity. This confirm our earlier
observation that salinity affect more root growth
than shoot growth. Large variation in biomass ratio
was recorded at both the salinity levels (Fig. 21).
The biomass ratio ranged between 0.12
(susceptible) to 0.97 (tolerant) at 10 dS m"and 0
(susceptible) to 0.82 (tolerant) at 15 dS m". The
biomass reduced less than 50% at 15 dS m™in the
genotypes Gwalior I, Gwalior lll, IS 6750, SSV 74,
ICSSH 28, CSH 24MF, Sel-B-pop and Gwalior |
indicating their tolerance to salinity.
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Studies on response of sorghum genotypes
towards post-flowering drought stress

To study the post-flowering drought response 21
genotypes were evaluated under rainout shelter
under well watered (WW) and water stressed (WS)
conditions during the rabi 2011-12 and 2012-13.
Based on the grain yield under WW and WS
conditions, drought susceptibility indices (DSI) of
the genotypes were calculated (Table 33).
Genotype, treatment and year effects as well as all
interaction effects except year X treatment and
year X treatment X genotype were significant.
During rabi 2011-12, six genotypes, viz., IS 19153,
IS 23514, IS 29392, IS 3158, M 35-1 and RS 585
recorded low DSI (<1.0) and above average grain
yield (1041 kg ha') under WW situation. During rabi
1012-13, five genotypes, viz., IS 19153, 1S 23514, IS
29392, Phule Chitra and RS 585 recorded with low
DSI (<1.0) and above average grain yield (1072 kg
ha") under irrigation. Four lines, viz., IS 19153, IS
23514, IS 29392 and RS 585 showed consistently
better post-flowering drought response over both
the years. Out of these four lines identified, IS
23514, a red sorghum line recorded lowest DSI in
both the years and found to be promising (Fig. 22).
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Table 33 Response of sorghum genotypes towards post-flowering drought stress

Genotype Grain yield (kg ha™) DSI
2012 2013 2012 2013
Drought Irrigated Drought Irrigated

B 35 461 720 666 1061 0.92 0.96
BTx 623 639 972 572 777 0.88 0.68
CSV 216R 967 1783 824 1523 1.17 1.18
IS 10696 539 1039 675 1103 1.23 1.00
IS 12804 570 1233 578 1006 1.38 1.10
IS 19153 717 1100 861 1239 0.89 0.79
IS 20697 617 938 589 1000 0.88 1.06
IS 20740 355 528 433 814 0.84 1.21
IS 23514 983 1200 982 1302 0.46 0.63
IS 2397 500 806 511 983 0.97 1.24
IS 29392 727 1105 772 1164 0.88 0.87
IS 29441 178 672 389 883 1.88 1.4
IS 30536 372 472 398 650 0.54 1.00
IS 3158 688 1089 583 1044 0.94 1.14
IS 3971 477 833 578 951 1.09 1.01
IS 473 372 866 434 856 1.46 1.27
M 35-1 722 1177 683 1267 0.99 1.19
Phule Chitra 956 1572 1017 1406 1.00 0.71
Phule Maulee 1028 1683 844 1378 1.00 1.00
R 16 694 916 586 879 0.62 0.86
RS 585 767 1161 794 1222 0.87 0.90
CD (5%) 71.4 100.5

Phenotyping pre-release hybrids, inbreds and
parents for mid-season drought and heat
tolerance

Fourteen kharif sorghum genotypes comprising
inbreds (5), hybrids (3), B-lines (4) and R-lines (2)
were phenotyped for pre-flowering drought and
heat tolerance under naturally occurring drought
conditions. The materials were planted in last week
of June in two sets (water regime treatments) i.e.,
dryland and one life saving irrigated control on
sandy clay loam soil with three replications. There
was one month drought spell during the pre-
flowering stage (from PI to flag-leaf visible stage).
Control treatment was irrigated with one
supplemental life saving irrigation at 20 days after
drought period. The soil of the experimental field
was sandy loam in texture (sand 66%, silt 13% and
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clay 21%) with bulk density of 1.63 g cc’, soil
moisture of 14.14% at field capacity, soil moisture
of 6.80% at wilting point, available soil moisture of
7.34%, pH-7.42, EC of 0.18 dS m" and low in
organic carbon (0.39%), organic matter (0.67%)
and available N (163 kg ha') and medium in
available phosphorus (29 kg ha" P,0,) and high in
potassium content (360 kg ha' K,0). Data on
phenology, biomass accumulation, crop water
status, membrane injury DSI, and yield
components were recorded.

Effects of moisture regimes and genotypes
including their interactions were significant (<0.05)
for components of biomass and yield. Drought
stress occurred during pre-flowering decreased
the LAl by 14 and 11% at flowering and maturity,
respectively (Table 34). Drought stress increased
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Fig. 22 IS 23514 panicle under (a) well
watered and (b) water stress condition

the specific leaf weight by 17% over control, and
CVS 17, 279B, and CSV 23 showed significant
increase in SLW than other genotypes. Relative leaf
senescence during GS 3 stage varied from 24.4 to

86.0% under drought, and 27B, CB 11, 296B, and
SPV 462 showed lower leaf senescence (24-48%).

Effect of drought stress on relative water content
(RWC) was significant (<0.05), but non-significant
for membrane injury. The genotype and the
interaction effects were significant for both RWC
and membrane injury. Leaf area index (LAI) at soft-
dough (SD) stage showed significant positive
relationship with total biomass, biomass in GS 3,
grains number m®and grainyield (r=0.81**,0.67*,
0.76*, and 0.79**, respectively), while LAl was
negatively related with RWC (r= -0.58*). Mean
RWC and membrane injury was decreased by
6.0% and 3.0%, respectively under drought over
control. Entries27B, CB 11, SPH 1655 and CSV 23
showed higher RWC with low DSI (for RWC),
membrane injury, and leaf senescence which is
indicative of their greater drought tolerance and
stability (Fig. 23).

Table 34 Leaf area, specific leaf weight, membrane injury and stay-green rating of sorghum
parental lines, inbreds and hybrid as influenced by mid- season drought

Leaf area Index at

Specific leaf weight SD

Genotype soft-dough (SD) stage (mg cm?)
D Sl D SI

CSV 15 2.89 2.99 6.58 7.84
CSV 283 2.03 3.2 7.76 4.71
463B 2.31 2.81 6.10 4.75
CSv 17 2.28 4.09 9.13 3.84
SPH 1644 2.35 2.44 6.10 5.96
CB 11 1.35 1.89 6.76 6.19
27B 1.02 0.83 6.06 6.46
SPH 1655 1.91 2.31 5.49 4.59
SPV 462 1.96 2.21 6.57 5.36
279B 1.58 3.48 6.28 3.35
CSH 16 3.81 3.63 5.58 5.19
296B 1.85 1.43 5.61 6.32
CSV 20 3.28 2.47 6.42 6.61
Mean 2.2 2.6 6.46 5.52
CD (5%) ’
Moisture 0.74 1.88
regimes (MR)
Genotypes(G) 0.86 1.81
Interaction NS S

D-dryland Sl-supplemental Irrigation
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Membrane Injury (%) Stay-green score at

at SD physiological maturity
D SI D SI
72.58 82.3 5.0 4.4
65.29 77.56 5.2 5.1
80.27 87.5 3.5 4.2
73.81 72.62 3.7 41
83.89 83.1 5.2 4.7
75.44 75.78 4.8 5.4
82.11 71.4 4.9 5.1
83.21 87.15 3.4 3.5
78.55 79.09 4.8 5.0
83.92 76.06 4.5 4.6
83.73 86.64 3.2 2.9
76.0 80.68 5.2 5.3
76.25 82.23 4.9 4.8
78.3 80.4 4.5 4.6
NS NS
5.95 0.38
S S
S-Significant NS-Non-Significant
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Fig. 23 Genetic variability in relative water
content and drought susceptibility index

Sink potential (grain number m?), biomass in GS3,
and per day grain productivity decreased by
17.0%, 33.0% and 17.0%, respectively in drought
than control. 27B, and 463B were stable for grain
number (Table 35), while none was superior to
check CSH 16 in hybrids. Biomass in GS 3 had
shown high significant positive correlation with
grain yield and grains number m*® (r=0.85**, and
0.74 **, respectively) (Fig. 24). This shows that
current photo-assimilate production and
translocation to the sink are very important for
realizing higher grain yields.

Grain number m* had shown significant positive
relationship with grain yield (r=0.92**), while the
relationship between seed size (1000-seed weight)
and grain yield was also positive (r=0.50 ns), but
not significant. No relationship was observed
between grain number and 1000-seed weight.
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Improving both grain number and grain size will
further enhance the yield potential in dryland
sorghum. Interestingly, total biomass at maturity
has shown very high positive correlation with grain
yield (r=0.88**). This suggests that increasing
total biomass under drought conditions will not
only enhance grain yield but maintain stability of
production.

Effect of drought stress on grain yield, grain
number, and total biomass was significant (<0.05)
and grain yield and biomass at maturity decreased
by 16.0% and 14.4%, respectively under mid-
season drought over supplemental irrigated
control. The genotype effects for grain number,
grain yields and biomass were significant, but
interaction was non-significant (<0.05). Inbreds
produced higher biomass than hybrids, and CSV
15 produced 15% more biomass than CSH 16.
Productive genotypes identified for grain yield
under drought stress include SPH 1644 (7% more
than CSH 16) in hybrids, and C 43 and CSV 20 in
inbreds. With regard to drought susceptibility index
(DSI), genotypes CSH 16 (0.10), 27B (0.217), SPH
1644 (0.36), SPH 1655 (0.39), and 463B (0.47)
were stable and tolerant to mid-season (pre-
flowering) drought stress (Fig. 25)

Evaluation of sorghum mini-core germplasm for
drought adaptation traits

Two hundred twenty- eight sorghum mini-core
germplasm collections were evaluated during rabi
season with an objective of identifying promising
donors for drought adaptation and climate change
adaptation. The entries were planted in augmented
design with checks after every 20 entries. Data
were collected on phenology, staygreen,
biomass and grain yield components. Days to
flowering ranged from 69 to 110 days while
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Table 35 Total biomass and grain yield components as influenced by mid-season drought

Total biomass at Total biomass in Total grain number Grain yield
Genotype maturity (g m”) GS3 (g m%) m* (g m?)
D SI D SI D | D SI

CSV 15 1789 2054 717 911 19333 21916 513 589
CSv 28 1248 1956 328 1087 8560 15626 244 437
463 B 1020 1091 519 675 15413 16203 321 348
CSv 17 899 1128 189 479 16888 20862 349 482
C43 1340 1440 717 858 13982 16863 434 488
SPH 1644 1453 1540 636 827 19069 21880 587 623
CB 11 692 910 260 442 9355 12361 225 266
27 B 441 517 161 191 8836 8299 223 231
SPH 1655 993 1003 387 512 11001 11870 296 315
SPV 462 1348 1533 736 892 14106 17299 412 485
279B 764 805 317 283 8372 9408 261 292
CSH 16 1589 1643 690 876 18086 19624 548 557
296B 513 993 93 559 6477 14129 159 362
CSV 20 1462 1566 618 887 16519 18276 516 573
Mean 1111 1298 455 677 13285 16044 363 432
CD (5%)
Moisture 54 131 993 6.31
regimes (MR)
Genotypes(G) 212 213 2874 7515
Interaction NS NS NS NS

D-dryland Sl-supplemental Irrigation NS-Non-Significant

staygreen (SG) rating ranged from 3.0 to 8.0
(scored in 1-9 scale; 1:completely green, and 9:
completely dead). Thirty five entries representing
different biological races showed < 4.0 SG rating
than check B 35 (4.0) (Fig. 26). Grain yield ranged
from 4.0 to 71.0 g plant’. Eighteen entries (IS
23514, IS 23579, IS 15466, IS 4698, IS 5094, IS
4581, IS 23521, IS 21083, IS 31043, IS 13971, IS
9108, IS 5667, IS 8916, IS9113, IS 29187, IS 6421,
IS 27887 and IS 33023) showed higher grain yield
thanthe check M 35-1.

. Biochemistry

In India, sorghum grown is mostly white colored
grain and is mostly used for human consumption.
In Africa and USA, coloured sorghum are grown
and consumed for human and animal
consumption, respectively. Since coloured
sorghums are known for their health benefits,
polyphenol content and antioxidant activity in
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these sorghums with other important biochemical
characteristics were studied. Coloured sorghum
genotypes were collected from germplasm pool
and a total of 168 sorghum genotypes were
evaluated in augmented design.

Evaluation for grain traits

The 100-grain weight of the genotypes ranged from
1.95 to 4.36g. Bold grains were observed in IS
12706 (4.369), EP 22 (4.16g), SPV 1760 (3.889g),
SPV 459 (3.68g), EP 42 (3.55g) and SPV 1258
(8.52g).Grain hardness was observed to be more
during rabi compared to kharif. The reason could
be that kharif grain becomes softer due to grain
molds. The range of grain hardness observed was
4.42to 11.67 kg cm®. AKR 354 had hard grain with
grain hardness of 11.67 kg cm®, followed by SPV
1733 (11.01 kg cm™®), SPV 459 and SPV 933 (10.39
kg cm®). All these showed endosperm texture of %
vitreousness. Some of the promising genotypes
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Table 36 Promising genotypes for grain yield and physical grain quality traits

_ Grainyield Panicle Panicle 100 seed Grain Seed Endosperm  Seed

Pedigree plant’ weight length  weight Hardness .\~ . iexure size
@ (9 (cm) @  (kgcm’)

SPV 1734 94.00 121.50 24.60 3.27 9.13 White 3/4V Large
EP 42 84.00 102.00 14.90 3.55 7.73 White 1/4V Large
SPV 1775 84.00 104.50 22.50 3.13 8.78 White 3/4V Large
SPV 462 83.00 104.50 23.20 3.45 9.72 White 1/2V Large
AKR 354 82.50 105.00 24.00 3.28 11.67 White 3/4V Large
7B 82.00 105.00 27.40 2.65 8.38 White 1/2V Large
SPV 1293 74.00 93.00 23.70 3.15 8.75 White 3/4V Large
EP 22 73.00 88.50 14.40 4.16 8.71 White 1/2V V.large
SPV 1471 73.00 98.00 21.50 2.91 8.75 White 1/2V Large
C43 43.33 53.50 25.20 3.16 9.93 White 1/2V Large
IS 12706 10.50 16.00 19.50 4.36 6.45 L.red 1/2V Vlarge
SPV 1760 56.50 74.50 22.20 3.88 8.86 White 1/2V Vlarge
SPV 459 70.50 84.00 20.60 3.68 10.39 White 3/4V Large
IS 1212 17.00 26.00 32.80 1.95 7.25 Red 3/4V Medium
27B 23.38 35.00 32.40 1.90 5.55 White 1/2V Large
IS 30538 41.00 60.00 32.05 2.41 7.77 L. red 3/4V Medium
IS 28141 34.50 49.50 30.71 2.2 6.00 L. red 1/2V Large
SPV 1733 62.50 87.00 24.75 3.14 11.01 White 3/4V Large
SPV 1258 68.00 91.50 24.40 3.52 8.61 White 1/2V Large
CD (5%) 15.20 15.74 2.97 0.56 1.79 = = =
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Table 37 Biochemical parameters and promising genotypes

Parameter Range Desirable level
Antioxidant activity 50000-200000 >150000
(Scavenging activity

g’ flour)

Antioxidant activity 67.98 -1467.05 >B800AAE
(Ascorbic acid AAE/g

equivalents g" flour)

Starch (%) 60-70 > 69 (%)
Amylose (%) 15-30 >25 (%)
Protein (%) 9-13 >12 (%)
Fat (%) 1-3 <83 (%)
Total Phenols 100- 1500 > 500 (mg g”)
(mg 100g")

Polyphenols 100 - 900 > 500 (mgg")
(mg 100g”)

identified based on data for yield and physical
grain quality traits for two season are given in Table
36.

Chemical Parameters

A total of 127 grain samples were ground to fine
flour in UDY mill to a particle size of 40 um and flour
was extracted with methanol for DPPH activity and
1% acidic methanol for polyphenols and phenols.
Estimation procedures for polyphenols by Folin
Ciocalteau method, Prussian Blue method and
BSA benzidine conjugate method were
standardized. Procedure for antioxidant activity
was standardized by DPPH method. Ascorbic acid
and Trolox were used as standards to express the
absolute values. Standardization for the estimation
of per cent amylose, protein digestibility, beta
glucan content, starch digestibility and dietary fibre
was also done.

A total of seven biochemical parameters (starch,
amylose, fat, protein, polyphenols, total phenols
including antioxidant activity) were evaluated in all
genotypes. The antioxidant activity of sorghum
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Promising Genotypes

SPV 1732 (154530), EP 103 (174420),C 43
(176985), EP 105 (176985), IS 30572 (167535)

IS 33648 (1029), IS 14861 (1054), EP 42 (1117),
IS 28313 (1205), SPV 1732 (1248), IS 12706
(1262), IS 30572 (1277), C 43 (1348), EP 103
(1408), EP 105(1467)

IS 2397 (69.3), SPV 1244 (69.8), EP 22 (69.6), EP
64 (69.3), RS 627 (69.6), NSJB 6625 (69.2), IS
8348 (69.4), IS 16151 (69.2), IS 19445 (70.7)

SPV 1730 (29.0), SPV 711 (27.8), SPV 1244
(27.0), SPV 1247(27.11), EP 82 (28.1), SPV 1471
(28.1), 463B (27.9)

IS 14010 (12.48), IS 29950 (12.5), SPV
1731(12.48) EP 105 (13.1), IS 5386 (12.85), IS
25089 (12.80), 1S 8774 (12.7)

1513919 (1.66), SPV 1734 (2.0), IS 28389 (2.0),
296B (2.0), SPV 1751(1.66),SPV
1760(1.83),C43 (2.66),EP54(2.0),CSV 13 (1.66)

IS 12697 (552), IS 30533 (591), IS 1212 (789), IS
30466 (862), IS 20743 (913), IS 30450 (964)

IS 30508 (668), IS 25089 (602), IS 31681 (463),
IS 19445 (735), SPV 1745 (1016)

genotypes was evaluated by two methods: DPPH
method and measuring with DPPH in terms of
ascorbic acid equivalent (AAE). The range
obtained for each biochemical and the promising
genotypes for each biochemical is listed in Table
37.

. Basic Research

Whole genome and candidate gene-based SNP
detection in sorghum

A reference set of 96 sorghum genotypes for
drought studies was subjected to Double
Digestion Restriction-site Associated DNA
sequencing (ddRAD-seq), which generated
221,665,772 reads, 83.91% of which had Fred
score 330 leading to 19.45 Gb data. Alignment with
the reference genome of BTx 623 led to
identification of a total of 235,009 unfiltered SNPs,
distributed across 10 chromosomes. Out of these
198,611 (84.5%) were located in inter-genic
regions, while 36,398 (15.5%) were localized in
intra-genic regions. Generated data were filtered
for variants with less than 30% missing data and
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Table 38 Per cent of sequence variants identified across sorghum genome

Chr. Total Intergenic Intragenic

Exonic  Intronic UTR

1 11.2 10.4 13.6
11.1) (9.7) (17.5) (16.4)

2 12.0 12.0 11.9 12.8
14.4) (14.7) (10.3) (14.8)

3 11.3 11.1 11.4 12.9
(10.3) (9.8) (7.9) (13.6)

4 11.0 11.0 10.9 10.9
(11.5) (11.6) (12.6) (10.0)

5 10.3 10.6 11.9 7.9

(8.1) (8.1) (9.4) (8.3)

6 9.5 9.6 9.5 9.2

(10.7) (11.3) (10.3) (7.5)

7 8.2 8.4 7.6 6.9

(6.4) (6.1) (9.2) (6.2)

8 8.4 8.8 7.4 6.1

(8.2) (8.8) (8.5) (4.8)

9 9.0 9.1 8.0 9.0
(9.9 (10.0) (7.2) (10.9)

10 9.0 9.2 7.8 7.7

(9.3) (9.7) (7.0) (7.5)
Total 235009 198611 10784 23085
(10125) (8313) (554) (1114)

16.9
(21.5)

11.2
(10.4)

14.2
(17.4)

12.4
(13.2)

7.2
(5.6)
7.9
(5.6)
8.4

(13.2)

5.6
(1.4)

8.0
(3.5)

8.1
(8-3)

2529
(144)

Confirmed No. of SNPs associated
with known QTLs & traits

17.0 11.398 (Ma, Seed weight)
(12.3)

17.7 230 (Panicle length, Root
(15.3) weight, stg3)

14.4 139 (Leaf spot, Zonate leaf
9.1) spot, stg2)

15.1 27 (Anthracnose)

(9.4)

16.2 527 (Gloss, nodal root angle,

(9.1) root & shoot dry weight, stg4)

13.5 482 (Foliar disease,

(9.9 Plant height)

10.0 17 (Plant height, Panicle
(6.6) length)

12.6 443 (root angle & dry weight,
(7.8) Leaf area)

14.5 41 (Plant height, Leaf No.,
(10.8) Test weight)

141 71 (Egg Nos, Dead heart,
(9.6) Trichome density, root angle)
35437 2075
(4298)

Values in parenthesis shows information on filtered sequence variants

minor allele frequency of >0.3. This led to
identification of 10,125 SNPs, 8,313 (82.1%) and
1,812 (17.9%) of which were located in inter- and
intra-genic regions, respectively (Table 38). From
SNP database 15.1% of unfiltered and 42.5% of
filtered SNPs could be confirmed. Among intra-
genic unfiltered sequence variations, a total of
10784, 23085 and 2529 SNPs corresponded to
exonic, intronic and UTR (3'&5') regions,
respectively, while among filtered variants 554,
1114 and 144 were in the exonic, intronic and UTR
specific, respectively. Out of the unfiltered intra-
genic SNPs, 32.0%, 18.8% and 1.2%, respectively
were mis-sense, same sense and non-sense in
nature, while 29.8%, 19.5% and 0.36% of filtered
intra-genic SNPs were mis-sense, same sense and
non-sense in nature. Out of the identified SNPs,
2075 represented 32 reported QTLs, of which,
SNPs on chromosome 2, 3, 5 and 8 were mostly
associated with drought related QTLs.

Sequence alignment of coding (CDS) and
promoter regions of 10 candidate genes, viz., AP37
(Apetela2 gene), DREB1 (Dehydration responsive
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element binding protein 1), LEA (Late
embryogenesis abundant protein 3), NAC (NAM,
TAF and CUC (NAC) transcription factor), NF
(Nuclear factor Y), PYL 5 (Pyrobactin resistant 1
like), STZ (Salt tolerant zink finger protein), VP14
(Viviparous14), AREB (Abscisic acid-responsive
element binding protein) and AHK7 (histidine
kinase) from six sorghum genotypes led to
identification of total of 172 SNPs and 68 in-del
mutations in the coding regions, while in promoter
regions 159 SNPs and 77 in-dels were identified
(Table 39). Forty-two identified SNPs were
converted to CAPs/dCAPs markers.

Identification and characterization of SERK
genes

Sorghum being one of the major crop plants where
heterosis in hybrids has been exploited to the
fullest extent, induction of apomixis to fix heterosis
will be highly remunerative and rewarding. As
apomictic and sexual pathways are closely related,
de novo engineering of apomixis might be
achieved in sexually reproducing crops. The
natural apomictic plants like Poa pratensis and
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Table 39 Summary of sequence variants detected in candidate genes across sorghum genotypes
Gene  Size Promoter Gene Total  CAPs/
(kb) SNP In-del Total SNP In-del Total dCAPs
AP37 2.44 15 (0) 6 (0) 21 (0) 7 (0) 0(1) 7 (1) 28 (1) 6
AREB 536 10 (24) 7 (6) 17 (30) 15 (5) 12 (4) 27 (9) 44 (39) 8
DREB  2.89 8 (0) 4 (0) 12 (0) 10 (1) 3(3) 13 (4) 25 (4) 3
LEA 2.45 17 (10) 8 (8) 25 (18) 5 (8) 02 5 (10) 30 (28) 9
NAC 266 5(13) 9 (7) 14 (20) 1(3) 2 (3) 3 (6) 17 (26) 0
NF 3.78 5 (4) 2 (0) 7 (4) 5 (40) 0 (20) 5 (60) 12 (64) 5
PYL5 234 5(10) 1 (4) 6 (14) 1(6) 1(2) 2 (8) 8 (22) 6
S71Z 273 13 (4) 5 (4) 18 (7) 13 (3) 1 (0) 14 (3) 32 (10) 5
VP14  3.32 0 (0) 0 (0) 0 (0) 1 (43) 0 (11) 1 (54) 1 (54) 0
AHK1 8.73 16 (0) 6 (0) 22 (0) 5 (0) 3 (0) 8 (0) 30 (0) 0

Total 367 94 (65) 48(29) 142(93) 63(109) 22 (46) 85(155) 227 (248) 42

Values in parenthesis show the alleles identified in S. halepens alone

Cenchrus ciliaris exhibited lower expression of
somatic embryogenesis receptor kinase (SERK)
gene compared to sexual plants in these species in
the early megasporogenesis stage. Therefore
down-regulation of the expression of SERK gene in
sexual species like sorghum should be able to
induce apomixis or its major components in the
transferred plants.

Based on the nucleotide homology in cereal
genomes, using degenerate primers in relation to
the SERK gene sequences of maize (ZmSERK),
rice (OsSERK) and Arabidopsis (AtSERK), three
segments (SERKs) of genomic DNA were identified
in sorghum. The three sequences were present on
three different chromosomes of sorghum and their
orientations were worked out (Table 40). While the
sequence on chromosome 4 was similar to
ZmSERK 2, the one on chromosome 6 was more
similarto ZmSERK 1. The third sequence was more
similarto OsSERK 1.

Further, introns were removed from these
sequences and the coding regions were identified
to determine the putative cDNA and putative
protein length. The cDNA thus obtained in silico
were aligned with known SERKSs in other plants and
compared to identify the domains and motifs
present in the sorghum SERKs. The SERK genes
were identified based on the predicted protein with
leucine-rich repeats (LRR), leucine-rich repeat N-
terminal domain, tyrosine kinase catalytic domain
and protein kinase catalytic domain.

Structure of SbSERKs: The SERK genes were found
to encode a leucine-rich repeat (LRR)-Receptor
Like kinase (RLK), an N-terminal Leucine zipper
(LZ) domain followed by 5 LRRs, a serine and
proline-rich SPP domain, a transmembrane
domain and an intracellular serine/threonine
kinase domain. The presence of proline-rich SPP
domain between the extracellular LRR domain of
SERK and the membrane-spanning region is a

Table 40 Sorghum genomic sequences identified as coding for SERK proteins in sorghum

Putative Matching Putative
Chromo-  gtart/end Start/end Length Orientation  Protein sorghum sorghum
some base base (bases) length (amino SERK (amino  protein
acids) acids)
4 53497810 53502114 4305 reverse 595 ZmSERK2 SbSERK2
(626)
6 48335886 48339144 3259 reverse 595 ZmSERK1 SbSERK1
(622)
7 6292604 6296622 4019 direct 541 OsSERK1 SbSERKS

(620)
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Fig. 27 Structural features of SERK genes in sorghum
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Fig. 28 Phylogenetic relationship of SERK genes ),

unique feature of the SERK family of receptor
kinases (Fig. 27).

Similarity of sorghum SERKs with other SERKs:
The phylogeny analysis was done based on
protein sequence similarity. It was found that
SbSERK 1 was more close to maize SERK 1 and
SbSERK 2 was closer to SERK2 and SERK 3 of
maize. SbSERK 3 did not closely align with other
SERKSs. Sorghum and maize SERKs were found to
cluster together while the SERKs of Arabidopsis
were falling apart in a different cluster and the rice
SERKs were closer to Arabidopsis SERKs (Fig.
28).

Value-addition and Commercialization

Sorghum cultivar suitable for the preparation
lassi

Lassi that is prepared through fermentation
technology by integration of sorghum flour with
milk may have a symbiotic effect. Lassi was
prepared from different cultivars of sorghum such
as M 35-1,CSV 18R, C 43, VJH and Phule Vasudha
and evaluated for its physico-chemical
characteristics and organoleptic properties.
Results revealed that germination helped in
reducing the content of phytic acid (anti-nutritional
factor) to a great extent and significantly enhanced
the protein content of sorghum grain. Sorghum
lassi (sweet) prepared without stabilizer had
superior organoleptic property compared to /assi
prepared with stabilizer. Also, lassi prepared with
germinated sorghum flour of M 35-1 was more
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acceptable than others (VJH and Phule Vasudha)
in terms of physico-chemical and organoleptic
properties (Table 41). Acceptable sorghum /assi
can be prepared from germinated sorghum flour of
M 35-1 and can be explored for commercialization.

Effect of milling and particle size in biscuit
making

Biscuits are the commonly consumed shack and
considered to be nutritive compared to other junk
foods. The aim of the present is to analyze and
standardize sorghum flour from different particle
size and prepare biscuits to their textural and
sensorial characteristics. Quality sorghum flour
from M 35-1 changes by chakki (traditional) milling
and hammer milling. Flour sieved through 60, 85,
100, 150, 200 BSS (British standard sieve) mesh
were studied for water binding capacity, oil
absorption capacity, water solubility capacity,
water solubility index and swelling power of flour.
Biscuits developed from flour collected by sieving
through different sieve sizes were evaluated for its
thickness, diameter, and density of biscuits.
Texture, colour, and sensory analysis were also
conducted.

The results indicated that fine sorghum flour
remarkably increased biscuit's hardness/ breaking
strength. Major changes in physical and structural
properties were noticed while comparing the fine
sorghum flour to that of coarse sorghum flour, with
decreased thickness whereas coarse sorghum
flours reduced in both milling methods. There were
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Table 41 Nutritional profile of raw sorghum flour vs. germinated and pearled sorghum flour

Parameter

Moisture (%) Raw

Germinated and pearled

Protein (%) Raw

Germinated and pearled

Fat (%) Raw
Germinated and pearled
Ash (%) Raw

Germinated and pearled

Phytic acid (g 100 g”) Raw

Germinated and pearled

no significant differences in the functional
properties of flour and colour analyses
nonetheless slight alteration was noticed in
sensory evaluation and textural properties. Most
likely, consumer acceptance is very crucial, in
which OAA by sensory evaluation shows traditional
milled sorghum flour between 60-85BSS mesh
gives good result. Thus, biscuits made from
traditional (chakki) milled sorghum flour gives a
goodfinal product.

Development and standardization of sorghum-
based pasta

Extrusion cooking is one of the contemporary food
processing technologies applied for the
preparation of a variety of inexpensive foods and
shacks, specialty and supplementary foods. It
reduces the anti-nutritional factors, renders the
product microbial safe and enhances the
consumer acceptability. It also reduces the
destruction of nutrients, improves starch and
protein digestibility. The present study was
undertaken to develop and standardize pasta from
sorghum cultivar, M 35-1 and wheat semolina of
0.1mm particle size. Sorghum and wheat semolina
in different proportions (IF;S:W-50:50,lIF;S:W-
60:40,1lIF;S:W-70:30,IVF; S:W-80:20, VF; S -100)
were mixed with lukewarm water (40°C) in the cold
extruder (La Monfernina, ltaly) for 30 min and
passed through the extruder with a screw speed of
80 rpm and at a temperature of 55° to obtain pasta
of diameter (0.6 mm) and length (1.4mm). The
results of the study showed that acceptable ready
to cook foods of good quality can be developed
with extrusion technology by utilizing sorghum and

Type of sorghum (flour)
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Cultivar

M 35-1 VJH P. Vasudha
7.76 8.67 9.04
8.06 7.08 5.65
9.39 11.24 12.10
9.42 11.37 12.56
2.74 3.12 1.77
0.59 1.34 0.94
1.18 1.31 1.85
0.29 0.69 0.46
1.08 1.83 1.64
0.15 0.41 0.33

wheat semolina. The composite blends IF, IIF and
IIIF showed desirable qualities such as high bulk
density, WA, protein, fibre, amylose, low moisture
content, solid loss and WSI and acceptable
sensory properties that are suitable for
commercialization and marketing.

In an another attempt, through CFTRI, Mysore
sorghum pasta was prepared by blending
sorghum flour separately with soya protein
concentrate (SPC) and Bengal gram flour along
with gaur gum (Fig. 29), and also from sorghum
alone (Native sorghum pasta). The control pasta
was prepared using 100% durum wheat to
compare the quality parameters with sorghum
pasta. Pasta was analyzed for the proximate
composition (Table 42), dietary fibre, protein
digestibility, carbohydrate digestibility, cooking
loss and gel consistency. Pasting profile, texture,

Fig. 29 Sorghum pasta prepared by blending sorghum flour,
soya protein concentrate and channa flour




3
4

o
>
o

DSR | ANNUAL REPORT 2013-14

Table 42 Proximate composition (g/100g™”)

Sample Protein Moisture
I F 13.5+0.44 8.1+0.15
IIF 12.7+0.43 7.7x0.19
lnF 13.6+0.38 7.8+0.20
IV F 12.5+0.35 7.7+0.49
VF 9.3+ 0.28 7.8+0.57

colour and sensory quality of pasta (Fig. 30) were
also e valuated.

Cooking quality of the pasta revealed that sorghum
pasta with different blends exhibited more cooking
loss (6-14%) (Table 43) than that of durum wheat
(control) pasta (5%). Protein, ash and fat content
increased in pasta made with incorporation of SPC
and channa compared to control and native
sorghum pasta. Improved sorghum pasta
exhibited 40.8% increase of protein compared to
native sorghum pasta. The in vitro carbohydrate
digestibility decreased up to 14.5%, while increase
of 17.5% was seen in in vitro protein digestibility in
improved protein enriched pasta as compared to
native sorghum pasta. The gel consistency of
cooked sorghum pasta (113-152mm) showed
significantly higher value compared to blends as
such (30-115mm). Pasting indices i.e., peak
viscosity, hot past viscosity and cold past viscosity
of sorghum pasta ranged from 160-337 BU, 118-
250 BU and 254-536 BU respectively. The colour of
pasta i.e., whiteness (L) and average color value
(AE) ranged from 53.2-59.2 and 44.9-49.9,
respectively. The texture value in terms of shear
force for cutting of cooked pasta ranged from 0.53
to 1.26 N. The shear force for native sorghum pasta
showed 0.53N and this was improved to 1.26 N by
blending with channa and gaur gum.
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Fat Ash
4.4+0.40 1.3x0.14
5.1+0.13 1.3x0.20

6+0.14 0.7x0.47
1+0.12 0.6+0.05
3.3+0.25 1+0.17

Commercialization and popularization of eatrite
sorghum products

An MoU was signed between DSR and M/s
Madhava Kalyan Food Products, Kovvur, West
Godavari district of Andhra Pradesh on 17 Sept.,
2013 to distribute the Eatrite products produced by
the DSR, Hyderabad and market them in retail
outlets in identified locations in East and West
Godavari districts of Andhra Pradesh.

Two more MoUs were made for similar purposes
with M/s ISA Millets, Hyderabad and M/s
Fountainhead Foods Private Limited,
Secunderabad on 20 Nov., 2013.

Liaoning with Parle Products Pvt. Ltd., Mumbai is
evident through the visit of Parle representative to
DSR on 4 Sept., 2013 to discuss the possibilities of
commercialization of sorghum cookies, biscuits
and collaborative research on sorghum product
development.

Eatrite stall in World Agricultural Forum (WAF)'s
Agri Tech Trade Fair

On invitation by the World Agricultural Forum, DSR
had set-up Eatrite stall during the 'WAF-2013
Congress & Agri Tech Trade Fair' held from 4-7
Nov., 2013 at Hyderabad International Convention
Center (HICC), Hyderabad. AGRI TECH TRADE
FAIR is an indispensable business platform for Agri
related companies/international industry. All of the
links in the value chain are gathered here. DSR got
the opportunity to interact with several people
including entrepreneurs, NGOs, SHGs,
researchers and other dignitaries. Eatrite products
developed by the Institute were displayed and sold
during this trade fair as part of our Eatrite
promotional campaign.

Aggressive Promotion of DSR's sorghum
producttechnologies

During the year, DSR organized 48 road shows in
public parks, government institutions, universities
etc., for creating awareness to the urban
consumers of Hyderabad through fabricated
Jowar Rath. Sorghum products were showcased in
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Table 43 Quality characteristics

Sample Cooking time Cooked wt cooking loss IVSD IVPD Shear force
(min) (9) (g100g") (g100g™) (g 100g7) (N)
I F 3.2+0.1 47.6+1.5 6.4+0.6 20.1+0.16  93.1x0.8 1=+0.01
IIF 3.1x0.2 52.2+25 5.8+0.1 19.6+0.5 94.7+0.5 1.1+£0.2
I F 3.3x0.2 52.3+0.9 5.8+0.2 18.8+0.3 95.4+0.8 1.3+£0.2
IVF 4.7+0.3 51.6+0.8 5.5+0.1 18.8+0.2 91.3x0.7 1.5+0.1
VF 3.1x0.1 50.1x2.5 42+0.4 22+0.5 81.2+0.6 0.5+0.2

IVSD : In-vitro starch digestibility, IVPD : In-vitro protein digestibility

various exhibitions and national and international
events such as, Krishi Vigyan Mela 2014, at
Raichur, Millet Fest in Hyderabad, Krishi Mela-
2013 at Raichur, Annual Conference of Vice-
Chancellors of Agricultural Institutes and Directors
of ICAR Institutes, at Pune and Millet Fest 2014 at
Guntur. The Eatrite products are being
commercially sold both at DSR counter and in the
retail chains stores of M/s Heritage retail and some
select un-organized stores in Hyderabad market. A
revenue of ¥ 1.5 lakhs was obtained as the Royalty
feed from Entrepreneurs and a revenue of ¥ 4.85
lakhs was obtained from the counter sale of
sorghum-based food products at DSR,
consignments for Heritage and ITC as well as sales
in Exhibitions, Trade Fairs, etc. Since the
machinery is of low capacity, the revenue can be
increased marginally. However, our MoU partners
are making good business by selling jowar
products.

Extension Research

Evaluation of sorghum hybrids in rice-fallows
under zero-tillage

Six sorghum hybrids including advance entries viz.,
456AxCB 134, 456AxCB 134, 3060AXCB 144,
2295A % CB 35, 415AxCB 33 and 3060AxC B141
were evaluated in rice-fallows under zero-tillage
during rabi 2012-13 in farmer's field at Kollipara,
Nandivelugu, Neallapadu, Kuchelapadu and
Munagi villages in Guntur district of Andhra
Pradesh. Private hybrid Mahalaxmi 296 was used
as check as it was commonly grown by the
farmers. After the harvest of kharif transplanted
rice, the sorghum hybrids were sown during 25
Dec., 2012 to 15 Jan., 2013 under zero-tillage
condition to utilize the residual soil moisture. The
sowing was done manually in rows (40 x 20cm) at
4-6 cm depth by making a hole with wooden stick
and putting 3-5 seeds in each hole. The
recommended package of practices and plant
protection measures were undertaken.
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The results revealed that all the entries evaluated
yielded significantly better than the check
Mahalaxmi 296 (Table 44). Moreover, the
significant increase (30%) was observed over
check Mahalaxmi 296. Similar trend was also
recorded for fodder yield.

Institutional Services
DUS Testing

During kharif 2013, 16 candidate varieties were
tested for DUS along with 17 reference varieties
under 1% year testing, and seven candidate
varieties were tested along with nine reference
varieties under 2™ year testing. The candidate
varieties comprised of nine new varieties (KSR
6173, KSR 6171, KSR 6178, NR 486, KSMS 220,
KSMS 283, KSMS 217, KSMS 213 and 463 B), and
seven varieties of common knowledge (SONA-
NSH 27, IMS 9B, NS 444R, NS 203R, NS 509A, RS
627 and PSV 2). Under 2" year testing seven new
candidate varieties (KSMS 263, KSMS 241, MIJ
008, 463 A, KSR 6176, MIJ 010 and DGJ 014) were
characterized. The trials were monitored under the
Chairmanship of Dr. RC Sharma, Former Dean,
College of Horticulture, University of Horticulture &
Forestry, Nauni, Solan as per the guidelines of
PPV&FRA on 1% October 2013. Representatives
from the Private seed companies viz., M/s
Nuziveedu Seeds and M/s Kaveri Seeds, whose
candidate varieties were tested for DUS, also
attended the monitoring.

During rabi 2013-14, under 1* year testing, a total of
four candidate varieties were characterized along
with six reference varieties. The candidate varieties
comprised of three new varieties [KSR 6313, KSR
6310 and Aparna (NSRR 676)] and one variety of
common knowledge (NTJ 4). Under 2™ year testing
five new candidate varieties [Suvarna (NSRR-259),
KSMS 234, KSMS 237, NRJ-01, NRJ-02] were
characterized for DUS traits along with six
reference varieties. The trials were monitored on 7"



@

T g

(ii)

CAR

Table 44 Yield and yield attributes of sorghum hybrids evaluated in rice-fallows
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Hybrid Panicle Plant 100- Panicle Panicles Grain Grains Grain Fodder
length heightat grain  weight m* weight panicle’ yield yield
(cm) harvest weight after panicle” (tha') (tha")
(cm) (9) harvest(g) (@)
2295A x CB 35 28 149 2.80 115.20 8.00 98.05 2865 7.16 15.16
456A x CB 134 23 152 2.74 107.18 7.60 86.43 2611 8.31 12.15
3060A x CB 144 28 152 3.12 133.10 9.00 11459 3904 7.23 16.24
3660A x CB 50 29 174 2.94 120.15 8.60 104.76 3237 7.68 14.86
415A x CB 33 30 182 2.62 96.66 6.60 75.35 1685 6.04 11.25
3060A x CB 141 29 209 2.68 93.91 6.00 71.87 1490 5.99 9.91
Mahalaxmi 296 26 187 2.64 92.80 5.60 73.40 1495 543 10.44
CD (5%) 414 13.24 0.49 22.35 1.44 20.38 547 1.33 4.16

February 2014. Maintenance breeding was taken
up for atotal of 50 reference varieties.

Sorghum seed production

The total breeder seed production during 2013-14
by AICSIP centers was 305.04g which is 217.05q
(343.26%) more than DAC indent (87.99 q) and
222.14q (364.34%) more than BSP-l allocation
(82.90 q). The total breeder seed production
during 2013-14 at DSR was 58.50q which is 48.70q
more than DAC indent (9.80 q) and 47.20q more
than BSP-l allocation (11.30 g)There was surplus
production of breeder seed for most of the
allocated lines and varieties of sorghum at eleven
AICSIP centers in kharif and five centers in rabi
seasons during 2013-14. There was shortfall in
production of JJ 1041 from Indore, PC 1080 from
Udaipur, Punjab Sudex Chari-1 from Ludhiana,
Pusa Chari 23 and Pusa Chari 6 from IARI centers.
The shortfall in the production of CSV 15, CSV 17
and MP Chari from different centers was abridged
by DSR, Hyderabad with additional production of
these cultivars. Atotal of 1047 kg nucleus seed was
produced against allocation of 1035 kg.

At DSR, Hyderabad, different classes of seed are
produced in leased farmers' field in Andhra
Pradesh and at SFCI farm, Jawalagera because
land both public and private sector seed producers
were involved in seed production in view of the
isolation requirements. We have produced the
quality seed of CSV 15, CSV 17, CSV 20, CSV
21F,CSV 23, CSV 27, MP Chari, Pusa Chari 615,
UPMC 503, AKR 150 and Phule Suchitra in
SFCl,Jawalgera farm and in leased farmers fields
under strict quality control of DSR scientists and
officials from Andhra Pradesh and Karnataka seed
certification agencies. A total of 810 q of different
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class of seed was produced under mega seed
project.

(iii)Intellectual property management and

transfer/commercialization of agricultural
technology

Agreements made between DSR and other private
firms for seed production, analytical testing,
sorghum-based food products and molecular
marker data are given in Table 45.

A total of Rs. 6.5 lakhs revenue was generated
through licensing our technologies

(iv) Front-line Demonstrations

Inview to evaluate and demonstrate the production
potential of the recently released sorghum cultivars
including package of practices in the farmers'
fields, frontline demonstrations (FLDs) on sorghum
was organized during rabi 2012-13. Now-a-days,
the farmers mostly prefers dual purpose cultivars
rather the grains alone due to meet an important
requirement of fodder and food, which was also
varies locations to locations. In total, 280 FLDs on
sorghum were organized in farmers' fields on 156
ha including 52 ha demonstrations in rice-fallows
through five AICSIP centres across three different
sorghum growing states during rabi 2012-13.
Latest national and state released sorghum
varieties viz., CSV 22R, CSV 18R, Phule Vasuda,
Phule Suchitra, Phule Revati, PKV Kranti, Parbhani
Moti and CSV 26R were demonstrated and
compared with locally popular varieties as a
checks (LC). The results of the FLDs organized
during rabi 2012-13 is given in Table 46.

The results also revealed that the grain yield of
sorghum was lower under local practice (1.17
t ha') as compared to FLD cultivars (1.34 t ha")
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Table 45 Agreements made between DSR and other private firms

Party Name

State Farms Corporation of India, Jawalgera,
Sindhanur, Raichur District, Karnataka

Edward Food Research and Analysis
Centre Limited, Subhash Nagar, PO
Nilgunj Bazaar, Barasat, Kolkata

ISA Millets, Ramakrishnanagar,
Madinaguda, Hyderabad, Andhra Pradesh

Foundainhead Foods Private Limited,
KantaBasti, Trimulgherry, Secunderabad,
Andhra Pradesh

Madhava Kalyan Food Products, Kovvur,
West Godaveri, Andhra Pradesh

Texas A&M AgriLife Research, Texas, USA

Date of Type of
Agreement  Agreement LT

4 Jan., 2014 MoA Seed Production

2 Jan., 2014 MoU Analytical testing

21 Nov., 2013 MoU Sorghum-based food products

21 Nov,, 2013 MoU Sorghum-based food products

17 Sep., 2013 MoU Sorghum-based food products

4 Apr., 2013 Simple 900 marker data with physical
Letter /genetic distance from BTx 623
Agreement X IS 3620c RIL population

2 Apr., 2013 MoA Seed Production and marketing

of forage hybrid CSH 24MF

indicating gap of 15%, across the states. However,
in case of stover yield 65% vyield gap was found.
The net returns obtained from the improved
cultivars under FLDs was < 25,477 ha, while the
net returns from the locally popular cultivars was
%12,917 ha which was 97% less than the improved
cultivars. The increase in benefit-cost ratio
obtained from the FLD cultivars was 0.68.

Rice-fallows

Evaluation of 21 public and private cultivars in rice-
fallows under zero-tillage in Guntur district of
Andhra Pradesh during last three years 2009-12
indicated that the hybrid CSH 16 was suitable to
this condition since it gave more than 8.0 tha grain
yield in farmers' fields. For wide popularization of
this hybrid, 110 FLDs were organized on 52 ha area

Doctor Seeds Pvt. Ltd., Ludhiana

in farmer's field at Kuchalapadu, Nallapadu,
Sripuram, Athrota and Nandivellugu villages in
Guntur district and Rajahmundry area in East
Godavari district of Andhra Pradesh. Private hybrid
Mahalaxmi 296 was used as check as it was
commonly grown by the farmers. After the harvest
of kharif transplanted rice, sorghum was sown
during 15 Dec., 2012 to 15 Jan., 2013 under zero-
tillage condition to utilize the residual soil moisture.
The recommended package of practices and plant
protection measures were undertaken. The results
(Table 47) from all the demonstrations revealed
that CSH 16 (7.41 t ha") yielded significantly better
than the locally popular hybrid Mahalaxmi 296
(5.25 t ha). Moreover, the significant increase of
41% was observed with CSH 16 over check
Mahalaxmi 296. On an average, the hybrid CSH 16

Table 46 Economics of FLDs on rabi sorghum organized during 2012-13

FLD Grain yield Stover yield

Centre (t ha’) (tha’)
FLD  LC  gapey M0 L0 gape

Parbhani 1.31 0.66 98 3.63 193 88
Solapur 1.66 1.04 60 713 450 58
Rahuri 0.86 0.49 76 237 113 110
Bijapur 1.08 0.68 59 185 141 31
Tandur 1.66 1.09 52 545 393 39
Mean 1.31 0.79 69 432 258 67
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Cost of Net return B:C ratio
cultivation R ha")
R ha")

FLD LC FLD LC

12140 28690 10760 2.35 1.40
12030 39666 23389 4.30 4.04
26610 1863 -5413 1.07 0.72
7041 21534 13481 3.06 2.30
11707 35633 22366 3.05 2.01
13906 25477 12917 2.77 2.09



\" DSR | ANNUAL REPORT 2013-14

T g
ICAR

Table 47 Yield and economics of sorghum demonstrations in rice-fallows during 2012-13 (N=110)

Hybrid Grain yield Yield
(tha’) advantage
(t ha™)
CSH 16 7.41 2.16 (41%)
Mahalaxmi 296 5.25 -

under FLDs in rice-fallows gave 51% higher net
returns (% 44,102 ha’) than the check Mahalaxmi
296 R 21,659 ha') on the cost of ¥ 51,850 ha’
resulting in more benefit-cost ratio.

Socio-economic upliftment of tribal farmers

During kharif 2013, a total of 620 demonstrations on
sorghum were organized on farmers' fields on 248
ha with the help of AICSIP centres viz., Palem,
Deesa, Udaipur, Indore, Parbhani, Surat and Akola
in five different sorghum growing states Madhya
Pradesh, Rajasthan, Andhra Pradesh, Gujarat and
Maharashtra. Latest sorghum cultivars viz., PSV
56, GJ 39, CSV 21F, JJ 1041,CSV 20,CSV 17,CSH

Cost of Gross return Net return B:C

cultivation R ha") R ha") ratio
® ha')
51,850 95,951 44,102 1:1.91
41,385 63,044 21,659 1:1.04

23, CSH 16, CSV 28, SU 1080, SPV 1753, CSV 15,
CSV 23, CSV 25, CSH 18 and GJ 42 were
undertaken along with local cultivars used by the
farmers as a check. The results are highlighted in
Table 48.

It was observed that the tribal farmers were
benefitted by harvesting more than double the
grain yield (94%) and 39% higher fodder yields
than their own traditional practices across the
regions (Table 49). This resulted in 94% additional
monetary returns from the improved sorghum
cultivation. Thus, the demonstrated technology
could help to raise their monetary benefits from the
improved sorghum cultivation.

Table 48 Economics of sorghum cultivation under TSP demonstrations during kharif 2013

Cost of cultivation

TSP Centre ® ha’)

TSP LC
Palem 25049 22050
Deesa 17140 12680
Udaipur 10712 7270
Indore 16873 9270
Akola 9850 9821
Surat 18088 11960
Mean 16285 12175

Net return B:C ratio
R ha’)

TSP LC TSP LC
28680 8682 2.10 1.40
19826 10197 2.15 1.80
13014 6089 1.22 0.84
21044 9419 2.36 2.02
36925 28454 3.75 2.90
42920 20990 2.37 1.76
27068 13972 2.33 1.79

Table 49 Yield advantages of TSP demonstrations over local check (LC) during kharif 2013

Grain yield (t ha™)

Stover yield (t ha)

TSP centre TSP LC Yield TSP LC Yield
advantage (%) advantage (%)
Palem 1.66 0.65 155 5.10 4.80 06
Deesa 0.99 0.33 81 8.44 5.74 47
Udaipur 1.14 0.55 107 5.70 4.34 31
Indore 2.45 1.22 100 5.80 3.74 55
Akola 1.65 1.24 338 7.36 6.58 12
Surat 2.48 1.33 86 7.93 4.33 83
Mean 1.73 0.89 94 6.72 4.92 39
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Trainings organized by DSR

Managing Intellectual Property under PVP and
PGR

An ICAR sponsored training programme on
“Managing Intellectual Property under PVP and PGR”
was organized at DSR, Hyderabad during 15-24, May
2013. The course was inaugurated by Dr. S Mauria,
ADG (IP&TM), ICAR on 15 May, 2013 who also
released the training manual. Dr. JV Patil, Director,
DSR was the Chairman of the programme. A total of
18 participants from ICAR institutions and SAUs from
across the country attended this course. The course
dealt in-depth on topics including plant variety
protection, crop diversity and utilization, rural
innovations and IP assets management, DUS testing
and agreements and understandings, entrepreneur
development, seed legislations and public-private
partnership. The participants also visited different
Laboratories of DSR and Centre of Excellence on
sorghum food processing & value-addition. Dr. KS
Varaprasad, Project Director, DOR, Hyderabad
delivered the valedictory address and distributed the
certificates to the participants on 24 May, 2013. Dr. M
Elangovan was the Course Director of this training
program. This training was also supported by Drs. IK
Das, K Srinivasa Babu and K Hariprasanna.

#1

Release of Training Manual on
“Managing Intellectual Property under PVP and PGR”

Sorghum Cultivation for Value-added Diversified
Products and Sweet Sorghum Perspectives

An 8-day National Model Training Course on
“Sorghum Cultivation for Value-added Diversified
Products and Sweet Sorghum Perspectives”
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sponsored by Directorate of Extension (DoE),
Department of Agriculture and Cooperation (DAC),
Ministry of Agriculture, Govt. of India was organized at
DSR, Hyderabad during 23-30 Sept., 2013. Twenty
trainees from ICAR and State Agriculture
Departments, representing the states of Maharashtra,
Karnataka, Madhya Pradesh and Andhra Pradesh
participated in this training course. Sh. KM Brahme,
Director (Extension), DAC, was the Chief Guest for the
inaugural function and Dr. SS Rao, Director In-
charge, DSR was the Chairman. The training course
dealt with latest developments including improved
sorghum production technologies, crop
management, preparation and marketing of value-
added products, sweet sorghum, nutritional benefits
of sorghum, technology transfer and future
implications. The participants also visited various
laboratories at DSR and ICRISAT. This programme
was coordinated by Drs. RR Chapke (Course
Director) and VR Bhagwat (Coordinator) in
association with various committees.

Inaugural session of the Model Training Course on
“Sorghum Cultivation for Value-added Diversified
Products and Sweet Sorghum Perspectives”

Sorghum Hybrid Parents Improvement and Seed
Production

DSR and ICRISAT jointly organized the 4"
International Training Course on “Sorghum Hybrid
Parents Improvement and Seed Production” during
30 Sept., - 11 Oct., 2013. The dignitaries during the
inaugural session were Ms. J Kane-Potaka, Director,
Strategic Management and Communication, Dr.
Rajesh Agarwal, ADG, and Dr. Trushar Shah,
Scientist, Bioinformatics from ICRISAT and Dr. Vilas A
Tonapi, Principal Scientist, DSR. A total of 22
participants from Mali, Sudan, Ethiopia, Nigeria,
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Burkina Faso, Togo and India participated in this
programme. The course dealt with theory and
practice of sorghum breeding with reference to yield,
nutrition, biotic and abiotic stress, integration of new
tools with sorghum improvement, data management,
seed production, processing and marketing,
alternative uses and commercialization, etc. The
participants also visited the facilities at ICRISAT and
DSR.

Molecular Breeding Approaches for Genetic
Enhancement of Millet Crops

An ICAR sponsored Winter School on “Molecular
Breeding Approaches for Genetic Enhancement of
Millet Crops” was organized at DSR, Hyderabad
during 6-26 Jan., 2014. About 25 participants
representing ICAR institutes and State Agricultural
Universities (SAUs) across the country participated in
this Winter School. Dr. P Ananda Kumar, Director,
Institute of Biotechnology, ANGRAU, Hyderabad
inaugurated the course on 6 Jan., 2014 and released
the Laboratory Manual. Dr. JV Patil, Director, DSR
explained the role of various millets, their nutritional
value and the need for the application of the DNA
marker and gene technology to strengthen the millet
breeding programme in the country. The training
programme encompassed major themes on
development and use of DNA markers in breeding
applications, genomics and transgenics. The training
also included hands-on practical sessions on
techniques involved in use of markers, genetic
mapping and transformation besides visit to field and
various laboratories. Dr. BC Viraktamath, Project
Director, Directorate of Rice Research (DRR),
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Dr. P Ananda Kumar, Director, IBT, ANGRAU, Hyderabad

addressing the participants of the winter school on “Molecular
Breeding Approaches for Genetic Enhancement of Millet Crops”
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Hyderabad was the Chief Guest of the valedictory
function held on the 26 Jan., 2014. He released the
Lecture Notes of the Winter School. Dr. JV Patil was
the Director while Drs. R Madhusudhana and P
Rajendrakumar were the Co-Directors. The other
members of the Core Committee were Drs. B
Venkatesh Bhat, D Balakrishna, KN Ganapathy and
Sunil Gomashe.

Plant Variety Protection and Farmers Rights

An awareness-cum-training programme on “Plant
Variety Protection and Farmers’ Rights” was
organized at the Centre on Rabi Sorghum (CRS),
Solapur on 14 Feb., 2014. The training programme
was sponsored by PPV&FR Authority, New Delhi. A
total of 80 participants from academic and research
institutes located in and around Solapur attended the
programme. Dr. AN Deshpande, Ex-Head,
Department of Soil Science and Chemistry &
Associate Dean, MPKV, Rahuri was the Chief Guest.
On this occasion, publications entitled ‘A Hand Book
of Popular Sorghum Cultivars of India’ both in Hindi
and Marathi were released by the Chief Guest.
Dr. Vilas A Tonapi, Principal Scientist, DSR presented
a detailed account on Protection of Plant Varieties &
Farmers’ Right Act, 2001, plant breeders and
researcher’s rights and its implications, EDVs and
need for documentation of IP assets in national
agricultural research system in India and filling up of
applications for protection of plant varieties. Dr.
Prabhakar presented the important traits to be
considered while breeding for DUS traits in sorghum.
The participants were also explained about the
improved cultivars of sorghum and sorghum food
products exhibited in the museum of CRS, Solapur.
Drs. M Elangovan, Vilas A Tonapi and Prabhakar were
the Course Coordinators.

Seed Quality Assurance

DSR, Hyderabad co-hosted 25 ASEAN trainees (Main
host — Directorate of Seed Research, Mau, Uttar
Pradesh) and coordinated their training related to
maintenance breeding, seed quality assurance
strategies, novel seed storage and drying techniques
and stewardship management. The trainees also
visited M/s Syngenta Technology Centre and M/s
Gubba Cold Storage facilities at Hyderabad to
understand seed quality assurance, management
and modern cold storage facilities. This training
programme was coordinated by Drs. Vilas A Tonapi
and K Srinivasa Babu and facilitated by Sh.
Raghunath Kulkarni and RS Meena.
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Post Harvest Technologies of Sorghum/Millets

DSR, Hyderabad organized a two-day training
programmes on “Post Harvest Technologies of
Sorghum/ Millets” during 24-25 Feb., 2014 for farmers
from Karnataka, during 12-13 Mar., 2014 for farmers
from Andhra Pradesh, and during 18-19 Mar., 2014 for
farmers from Maharashtra under INSIMP project.
About 60 participants from different districts of
Karnataka, Andhra Pradesh and Maharashtra
participated in this programme. Dr. B Dayakar Rao,
Course Director presented the overview of sorghum
value-chain project, experiences and its impact.
Demonstration and operation of primary processing
equipment was done by Mr. Thomas Nicodemus. The
NAIP team at DSR including Mrs. Vishala Devender,
Mrs. Kavitha and other staff members demonstrated
the preparation of recipes of ‘Eatrite’ sorghum food
products.

Training for Farmers

Directorate of Sorghum Research of Hyderabad in
collaboration with Department of Agriculture, Andhra
Pradesh organized trainings to the farmers of
Kandukur, Manchal and Yacharam villages (12 Sept.,

2013), Gummadavalli village of Kondapur, Ranga
Reddy District (2 Sept., 2013), Khanapur village,
Rajendra Nagar Mandal (11 Nov., 2013), Jukkal
village, Rajendra Nagar Mandal (12 Nov., 2013) on
“Insect pests of Sorghum and their management”.
About 50 farmers from each village participate in the
training.

DSR in collaboration with State Agricultural
Management and Extension Training Institute
(SAMETI), Department of Agriculture, Hyderabad
organized the training for INSIMP farmer (50) of
Medak district and Technical Assistant (2) on 3 Jan.,
2014 on “Improved method of rabi sorghum
cultivation”. similar training was given to 40 more
farmers and two Technical Assistants at DSR,
Hyderabad on 7 Jan.,2014 on “Sorghum cultivation
and their alternate uses”. These training were
organized by Dr. B. Subbarayudu, Senior Scientist at
DSR.

Trainings attended by DSR staff

International
Name of the Official
KBRS Visarada

P Sanjana Reddy

Research area

‘Understanding the juice quality
for improving the shelf life after
harvest in sweet sorghum’
under TWASCAS Visiting
Scientist Fellowship 2012.

‘Estimation of genetic diversity
in black seeded sorghum

Venue Period
Institute of Botany, 28 July - 25
Chinese Academy  Oct.,2013
of Sciences,

Beijing, China
Kansas State 10Aug, -10
University, USA Nov., 2013

germplasm with SSR markers
using high throughput capillary
genotyping’ NAIP-ICAR under

HRD component|.



National
Name of the Official
MY Samdur, KN

Ganapathy, Sunil
Gomashe &

P Rajendrakumar
JV Patil

R Madhusudhana
B Dayakar Rao

V Ravikumar

MY Samdur

V Ravi kumar & Sunil
Gomashe

CV Ratnavathi

K Sanath Kumar &

AV Rao
KBRS Visarada

B Subbarayudu

KN Ganapathy

K Hariprasanna
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Trainings attended by DSR staff

Name of the Training

Managing Intellectual Property Right
under PVP and PGR

Executive Development Programme
on Leadership Development

MDP on Biotechnology
Intellectual Property Rights

and

Technology Commercialization and
Innovation Management Programme

Management of Plant Genetic

Resources

Sorghum Hybrid Parents
Improvement and Seed Production

Plant Genetic Resources and
Genebank Management

Scientific Report Writing and
Presentation

MS Office-Suite

Scientific and

Presentation

Report  Writing
Plant Quarantine National
Regulations and Procedures

An Orientation to Data Management
Platforms for Agricultural Research &
Extension

Science Administration and

Research Management

Venue
DSR, Hyderabad

NAARM, Hyderabad

NAARM, Hyderabad

ISB, Hyderabad

NBPGR, New Delhi

ICRISAT, Patancheru

ICRISAT, Patancheru

NAARM, Hyderabad

ISTM, New Delhi

NAARM, Hyderabad

NIPHM, Hyderabad

ICRISAT, Patancheru

ASCI, Hyderabad

Period
15-24 May, 2013

25-29 June, 2013

08-12 July, 2013

29 July -
01 Aug., 2013

16-25 Sept., 2013

30 Sept. - 11 Oct.,
2013

07-12 Oct., 2013

17-22 Oct., 2013

18-22 Nov., 2013

26-30 Nov., 2013

04-09 Dec., 2013

05-06 Dec., 2013

10-21 Feb., 2014

List of M. Sc. Project students during the year 2013-14

Name of Scholar
Vijay Pancholee

V Naga Himabindu

University

ANGRAU, Hyderabad
Andhra Layola College,

Name of the Supervisor
CV Ratnavathi

Nagarjuna University, Vijayawada

D Balakrishna

Mrs. S. Madhusmitha, M.Sc. in Bichemistry underwent a 6 months training on Molecular Markers
under the supervision of Dr. P Rajendrakumar, Senior Scientist (Biotechnology) during August
2013 -January 2014.
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List of Ph. D. students during the year 2013-14

Name of Project/ Name of the University Year of . )
Student Scheme Supervisor Registered Registration Thesis Topic
JINTU, Sorghum as biofuel feedstock-
K Tanmay DBT AV Umakanth Hyderabad 2011 Development and characterization of
low lignin, high biomass sorghum
U Lavanya DBT U Lavanya JNTU, 2011 Studies on sucrose accumulation for
Hyderabad ethanol production in sweet sorghum
| Jai Kishan DBT P Rajendrakumar  Osmania 2011 Analysis of differential gene expression
University, in sorghum hybrids and their parental
Hyderabad linesin relation to heterosis
M Praveen DBT R Madhusudhana NTU, 2012 Characterizing sterile cytoplasms using
Hyderabad DNA markers and tagging fertility
restoration genes in sorghum
G Anurag Uttam  DBT R Madhusudhana Andhra 2012 Molecular characterization of sterility
University cytoplasms and tagging of Rf genes in
sorghum
B Ranga DBT CV Ratnavathi Osmania 2013 Studying the beneficial properties of
University, sorghum grain as a functional food
Hyderabad
R Madhukar - CV Ratnavathi Osmania 2013 Bio-ethanol production from sweet
Reddy University, sorghum biomass through
Hyderabad fermentation by microorganisms
A Mahender CV Ratnavathi Osmania 2013 Study on the effect of shelf life on
> University, protein quality, grain quality and food
Hyderabad processing in sorghum
M Suguna DBT C Aruna Os.rnani.a 2013 Genetic architecture of the grain quality
University, traits in Sorghum bicolor
Hyderabad
P Praveen DBT C Aruna Osmania 2013 Genetic analysis of fodder yield and
Kumar University, quality attributes in forage sorghum
Hyderabad
Ch Govardhan = IK Das Osmania 2013 Studies on fungal pathogens causing
University, early infection for development of grain
Hyderabad mold in sorghum with reference to their
occurrence, characteristics and host
pathogen interactions
BL Swetha DBT PG Padmaja Osmania 2013 Defensive function of herbivore induced
University, plant volatiles emission in sorghum
Hyderabad
M Swapna NAIP  Sujay Rakshit Osmania 2013 Genetic analysis of post-flowering
University, droughttolerancein sorghum
Hyderabad
S ) P Sanjana Reddy  Osmania 2013 Genetic analysis and combining ability
T Phani Krishna University, for cold tolerance on rabi sorghum
- Hyderabad
S Sanjeev P Sanjana Reddy = Osmania 2013 Genetic studies involving races and
Reddy University, photoperiod on physiological and yield
Hyderabad components in rabi sorghum

*R Vinodh was awarded Ph.D in February, 2014 from Andhra University for the dissertation on
“Development of Bt (Cry1Aa) transgenic sorghum via Agrobacterium-mediated approach”
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6 Awards and Recognitions

Awards

Vasantrao Naik Award

Dr. JV Patil, Director, DSR received the prestigious
Maharashtra State Award
entitled “Vasantrao Naik
Award” for the best Marathi
Literature (Agricultural
Science) on 4 July, 2013
from the Hon’ble Chief
Minister of Maharashtra Sh.
Prithviraj Chavan at
Mumbai.

First Prize of TOLIC-Twin cities to Jowar Sourabh
DSR’s annual in-house magazine Jowar Sourabh”
(Vol. 3) bagged the first prize under “Best Hindi
Annual Journal 2012-13” category from the Town
Official Language Implementation Committee
(TOLIC) of Hyderabad Chapter constituted by the
Department of Official Language, Ministry of Home
Affairs, Government of India. Dr. JS Mishra and Dr.
Mahesh Kumar, DSR received the Memento and
Certificate from Dr. B Venkateswarlu, Director,
CRIDA, Hyderabad during 49th TOLIC meeting held
at Central Research Institute of Unani Medicine
(CRIUM), Hyderabad on 23 October 2013.

DSR received the first prize for the annual in-house
magazine Jowar Sourabh from TOLIC of Hyderabad
Chapter under “Best Hindi Annual Journal 2012-13”
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DSR rceived the first prize for the annual in-house magazine
Jowar Sourabh under “Best Hindi Annual Journal 2012-13”

FICCI-FOOD 360 Award

DSR received the “Best Innovator for Food
Processing Technology Award” by the Federation
of Indian Chambers of Commerce and Industry
(FICCI) Hyderabad. Dr. SS Rao, Director In-charge,
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DSR and Dr. B Dayakar Rao received the award from
Shri PK Mohanty, IAS, Chief Secretary, Government
of Andhra Pradesh, in the presence of the Jury
Chairman, Mr. KS Raju, Chairman, Nagarjuna
Group during FOOD 360 Awards ceremony held at
Hyderabad International Convention Center
(HICC), Hi-tech City, Hyderabad on 6 November,
2013.

ICAR’s Award to Jowar Sourabh”

ICAR announced a consolation prize of “Ganesh
Shankar Vidyarthi Hindi Krishi Patrika Puraskar” for
the Jowar Sourabh” the Hindi journal published by
the DSR, Hyderabad for the year 2013.

Best Paper Award

Dr. M Elangovan's oral presentation on "Sorghum
germplasm diversity in India" in the technical
session on "Agriculture and Field Crops" was
awarded the "Best Paper Presentation" during the
National Conference on Agri-Biodiversity
Management for Sustainable Rural Development
held at NAARM during 14-15 Oct., 2013.

Best Poster presentation awards

The poster entitled “Agrobacterium-mediated
genetic transformation of sorghum [Sorghum
bicolor (L.) Moench] using synthetic CRY1B gene”
authored by Balakrishna D, Vinod R, Vijaya I,
Padmaja PG, Venkatesh Bhat B and Patil JV
presented at the Global Consultation on Millets
Promotion for Health and Nutritional Security,
organized by Society of Millets Research and
Directorate of Sorghum Research, Hyderabad
during 18-20, Dec., 2013 received First Best
Poster Award.

The poster entitled “Phenotyping rainy (kharif)
sorghum for climate change (mid-season drought
and heat tolerance) adaptation” authored by Rao
SS, Patil JV, Prasad PVV, Mishra JS, Aruna C,
Hariprasanna K, Talwar HS and Elangovan M
presented at Global consultation on Millets
Promotion for Health & Nuritional Security,
organized by Society for Millets Research and
Directorate of Sorghum Research, Hyderabad
during18-20, Dec., 2013 received the Second Best
Poster Award.

.Recognitions

Dr. JV Patil, Director, DSR, Hyderabad was
honoured as a Fellow of the Indian Society of
Pulses Research and Development located at
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Indian Institute of Pulses Research, Kanpur by the
Executive Committee of the Society for his valuable
contributions in pulses research on 19 December,
2013.

Dr. HS Talwar, Principal Scientist (Physiology) has
been elected as Vice-President, Indian Society of
Plant Physiology, New Delhifor 2014-2015.

Dr. Sujay Rakshit is elected as Member,
Agriculture & Forestry Section of Indian Science
Congress Association during 101° Indian Science
Congress organized at Jammu University from Feb
3-7,2014.

. Overseas visits / Fellowships

Dr. KBRS Visarada, Principal Scientist,
Biotechnology was awarded TWAS-CAS Visiting
Scientist fellowship - 2012 to conduct
comparative study of alleles for sucrose metabolic
enzymes in sweet sorghum in the Laboratory of
Prof. Hai Chun Jing, Institute of Botany, Beijing,
Chinafrom 28 July, 2013 to 25 October, 2013.

Dr P Sanjana Reddy, Senior Scientist (Plant
Breeding), visited Kansas State University,
Manhattan, Kansas, USA to undergo training in the
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area of Molecular breeding sponsored by NAIP-
ICAR under HRD component | from 12 August, 2013
to 11 November, 2013.

Drs JV Patil, Director, DSR and AV Umakanth,
Principal Scientist (Plant Breeding) visited the
University of Florida, Gainesville, USA during 23-28
September, 2013. The visit was intended to attend
the Joint discussions of the US-India Joint Clean
Energy Research and Development Center
(JCERDC) project on “Development of
Sustainable Advanced Lignocellulosic Biofuel
Systems” on project status and progress during
first year, to plan for the second year and to
understand the design and operation of the Stan
Mayfield Bio-refinery cellulosic ethanol pilot plant
located at University of Florida, laboratory and field
visits related to bio-fuel feedstock cultivation and
production and also to explore the areas for synergy
between the partnering institutions from both India
and USA.
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6 Linkages and Collaboration

Externally funded projects at DSR 2013-14

Title

National Seed Project Crops (BSP)

Central Sector Scheme for
Protection of Plant Varieties and
Farmers’ Rights Authority

Frontline Demonstrations (FLD) of
Sorghum

Socio-economic Upliftment of
Tribal Farmers through Improved
Sorghum Cultivation

Development of Stem Borer and
Shoot-fly Resistant Transgenic
Sorghum

Creation of Demand for Millet
Foods through PCS Value-chain

Intellectual Property Management
and Transfer/Commercialization of
Agricultural Technology Scheme

Genetic Transformation and
Molecular Analysis of Indian Sweet
Sorghum Genotypes with Bt Gene
Constructs

Improving Post-rainy Sorghum
Varieties to Meet the Growing
Grain and Fodder Demand in
India- Phase-II

ICAR Seed Project: Seed
Production in Agricultural Crops
and Fisheries

Bio-prospecting of Genes and
Allele Mining for Abiotic Stress
Tolerance

Relating Differential Gene
Expression in Sorghum Hybrids
and their Parental lines at Critical
Developmental Stages with
Heterosis

Studies on Sucrose Accumulation
in Sweet Sorghum for Efficient
Ethanol Production

Studying the Therapeutic
Properties and Establishing
Sorghum as Functional Food

Pl / Co-PI

VA Tonapi &
AV Umakanth

K Hariprasanna &
C Aruna

RR Chapke

RR Chapke &
JS Mishra

D Balakrishna &
PG Padmaja

B Dayakar Rao

M Elangovan &
Sunil Gomashe

KBRS Visarada &
G Shyamprasad

HS Talwar &
R Madhusudhana

VA Tonapi &
AV Umakanth

Sujay Rakshit,

HS Talwar,

KN Ganapathy &
R Madhusudhana

P Rajendrakumar,
K Hariprasanna &
B Venkatesh Bhat

CV Ratnavathi &
C Aruna

CV Ratnavathi &
C Aruna

Period

Ongoing

Ongoing

Ongoing

Ongoing

2005-2014

2007-2012 extended
upto 2014

2007-2013 extended
upto 2015

2008-2013

2013-2017

2009-2014

2009-2012 extended
up to March 2014

2010-2013
(completed by 18
Sept., 2013)

2011-2016

2011-2014
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Budget
R in lakhs)

20.00

11.50

6.25

35.00

231.50

349.16

28.12

33.31

105.00

105.10

175.00

19.42

199.44

74.96

Funding
Source

ICAR

PPV& FRA

DAC

TSP
(ICAR)

ICAR

NAIP

ICAR

DBT

ACIAR, Australia

ICAR

NAIP

DBT

NFBSFARA

DBT
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Externally funded projects at DSR 2013-14 (Contd.)

Title Pl / Co-PI Period Budget Funding
R in lakhs) Source

Preparing for Climatic Changes: HS Talwar, 2011-2014 50.00 NICRA
Improving Sorghum Adaptation to Prabhakar & (ICAR)
Post-flowering Drought Tolerance M Elangovan
Molecular Characterization of R Madhusudhana
Sorghum Sterility inducing & AV Umakanth 2011-2014 59.40 DBT
Cytoplasm and Mapping Fertility
Restoration Genes
Initiative for Nutritional Security 2012-2014 88.00
through Intensive Millet Promotion B Dayakar Rao e
(INSIMP)
Tri-tropic Interactions mediated by PG Padmaja &
Induced Defense Volatiles in G Shyam Prasad 2012-15 68.44 DBT
Sorghum

Biofortifying Sorghum with High
Grain Iron and Zinc Content for
Combating Micronutrient
Malnutrition

K Hariprasanna &
JV Patil 2012-15 28.57 DBT

Development of Low Lignin High AV Umakanth & DBT
Biomass Sorghum Suitable for S Ravi Kumar 2012-15 55.50
Bio-fuel Production

US-India JCERDC project on AV Umakanth,
Sustainable Advanced Ligno  HS Talwar & IUSSTF
cellulosic Biofuel Systems JV Patil 2012-17 96.6
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A. 43" Annual Group Meeting of AICSIP

Sorghum research in India has completed fifty years
and this year is being celebrated as the Golden
Jubilee Year at the Directorate of Sorghum Research
(DSR), Hyderabad. To mark the occasion, the 43"
Annual Sorghum Group Meeting of All-India
Coordinated Sorghum Improvement Project
(AICSIP) was organized during 20-22 April, 2013 at
DSR, Hyderabad. On the first day, Hon’ble Union
Minister for Agriculture Sh. Sharad Pawar
addressed the sorghum researchers gathered for
the meeting. On the second day, Dr. A Padma Raju,
Vice Chancellor, ANGRAU, Hyderabad was the
Chief Guest and Dr. Swapan Kumar Datta, DDG
(Crop Sciences), ICAR presided over the inaugural
function. There were more than 200 participants
from various public and private sector research
organizations, seed industry, and non-
governmental organizations apart from those from
AICSIP centres. Dr. JV Patil, Director, DSR and
Project Coordinator of AICSIP appraised the
audience on the progress of AICSIP in a nutshell.
During his address, Dr. Padma Raju advised on
marketability of sorghum products. Dr. SK Datta
emphasized the need for promotion of sorghum
hybrids and varieties and production technologies
among farmers. Centre-wise progress was
thoroughly discussed. Over the two days, progress
in various disciplines was presented by the
concerned scientists and deliberated on the future
plans. Special lectures on various aspects of crop
improvement, production, utilization and
popularization, IP issues, statistical methodologies
and other critical areas were delivered by invited

Dr. Swapan Kumar Datta, DDG (Crop Sciences),
ICAR giving the inaugural address during
43" Annual Group Meeting of AICSIP
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Highlights of All India Coordinated Sorghum
Improvement Project (AICSIP)

speakers. On the final day, Principal Investigators of
various disciplines presented the details of their
progress and technical programme for the ensuing
year. Dr. JS Mishra, who served as the nodal officer
ofthis entire meeting proposed the vote of thanks.

The Varietal Identification Committee meeting held
on 21 April, 2013 identified the following hybrid and
variety for release.

SPH 1674 (DJ 2004): A kharif sorghum hybrid,
developed by Devgen Seeds and Crop Tech. Pvt.
Ltd., Secunderabad - Recommended for
Maharashtra, Karnataka, Madhya Pradesh, South
Gujaratand North Andhra Pradesh.

SPV 2057 (RSSV 167): A single-cut forage
sorghum variety developed by MPKV, Rahuri -
Recommended for Zone | (Uttar Pradesh, Delhi,
Rajasthan, Haryana, Punjab, Bihar, Gujarat) & Zone
Il (Maharashtra, Karnataka, Madhya Pradesh, South
Gujaratand North Andhra Pradesh).

General recommendations

The Physiologists should work with other disciplines
and identify physiological factors for yield
maximization.

Site-specific nutrient management and site-specific
G x Einteractions for drought management have to
be given priority.

Critical attention has to be given for factors like light
quality, solar radiation, temperature and humidity
which play important role in determining the
sorghum productivity.

Variable performance of some hybrids/varieties in
different locations needs to be studied and
understood well before recommending cultivars.

Integrated approach by all disciplines is essential in
realizing higher productivity and profitability.

. Basics of Sorghum Breeding and AICSIP

Database Management

A training programme on "Basics of Sorghum
Breeding and AICSIP Database Management" was
organized by DSR, Hyderabad during 23-24 August,
2013. A total of 29 participants from both AICSIP
main and voluntary centers participated. Dr. B
Venkateswarlu, Director, CRIDA, Hyderabad
inaugurated this training programme. In his
inaugural address he highlighted the importance of
database management and scientific inference. Dr.



Highlights of All India Coordinated Sorghum Improvement Project (AICSIP)

JV Patil, Director, DSR stressed the need to
harmonize data recording across the centres to
maintain accuracy of data recording and reporting.
A training manual on "Basics of Sorghum Breeding
and AICSIP Data Management" and "Handbook of
Popular Sorghum Cultivars in India" were released.
The training programme covered 14 lectures and six
practical sessions. Various aspects of sorghum
breeding were discussed during the lectures, while
practical sessions covered hands-on training on
field lay-out, crossing, data recording, etc. Dr. NH
Rao, Joint Director, NAARM was the Chief Guest
during valedictory function, who launched the
"AICSIP Automation" module. Dr. Sujay Rakshit,
Principal Scientist and AICSIP Nodal Officer
coordinated the programme.

AICSIP has implemented AICSIP Automation
System, a web-based portal in which all the AICSIP
activities from Trial preparation, execution,

monitoring, data retrieval and analysis are
automated. The module has five levels of users, viz.,
Head/PD/PC, Administrator, Experiment In-
charges, Experimenters and Public/General user
with different level of permission to access the data.
The module has wide flexibility in terms of entering
entries, locations, traits to be recorded, etc. The
system can generate randomized sowing plan
automatically and will generate auto alert at various
stages for the experimenters. At any point the
Head/PD/PC will be able to access the information
and can obtain status report in a click of mouse.
Data can be submitted on-line and experiment in-
charges can validate the data before analysis.
Analyzed data will be presented in a tailor made
tabular form. All breeding and plant protection trials
of 2013-14 has been implemented through this
module.

Launching of AICSIP Automation System by Dr. NH Rao, Joint Director, NAARM
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Project Code Project Title

P1. Genetic Resources Management

DSR/GR/2010-13/28 Collation, evaluation, documentation and
utilization of sorghum genetic stocks

DSR/GR/2011-14/31 Germplasm evaluation: assessing value for
cultivation and use (VCU)

DSR/GR/2012-15/35 Collection, conservation, characterization
and distribution of new germplasm of
sorghum

DSR/GR/2012-17/36 Evaluation of sorghum germplasm lines of
Indian origin for agronomic and yield
contributing traits

P2. Crop improvement for increased productivity

DSR/BT/2010-13/25 Association mapping for grain quality traits
in sorghum related to poultry feeds

DSR/CI/2010-15/26 Development of early duration and
photoperiod insensitive grain sorghum MS
andRlines

Screening for apospory and partheno
genetic ability in diverse genotypes of

sorghum

Creation of new genetic variability in rabi
sorghum

DSR/BT/2011-14/30

DSR/CI/2011-14/34

DSR/CI/2012-16/37 Genetic augmentation of parental lines for
grainyield and tolerance of shoot pests and

hybrid development in kharif sorghum

DSR/CI/2012-16/38 Development of kharif grain sorghum
genotypes with improved yield, grain

quality and grain mold resistance

DSR/CI/2012-16/39 Genetic improvement of multi-cut forage

sorghum

DSR/CI/2012-17/40 Development of single-cut forage
genotypes with improved forage yield and
quality

DSR/CI/2012-16/41 Association mapping and creation of
induced variation for grain protein quality

traits in rabi sorghum
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June 2012-
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Investigator

S Rakshit

Sunil Gomashe

M Elangovan

JV Patil

KN Ganapathy

Sunil Gomashe

BV Bhat

P Sanjana

K Hariprasanna

C Aruna

BV Bhat

KN Ganapathy

PRajendrakumar
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Sunil Gomashe
KN Ganapathy
VR Bhagwat

IK Das

M Elangovan
G Shyam Prasad

IK Das

Sunil Gomashe

P Sanjana
VR Bhagwat

Audilakshmi S
S Rakshit

K Hariprasanna
S Rakshit

TGN Rao

MY Samdur

D Balakrishna

JV Patil

Prabhakar
B Subbarayudu

Sunil Gomashe
Rajendrakumar
VR Bhagwat
RR Chapke

IK Das

CV Ratnavathi

C Aruna
AV Umakanth

K Srinivasa Babu

BV. Bhat
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DSR/CI/2012-17/42

DSR/CI/2012-17/43

DSR/CI/2012-15/44

DSR/CI/2012-15/45

Project Title

Breeding for high yielding rabi cultivars

Genetic enhancement for drought
tolerance in rabi sorghum genotypes

Development of novel pre-breeding lines
through wide hybridization in sorghum

Employing DNA markers for genetic
enhancement of shoot fly resistance in
sorghum parental lines

P3. Genetic enhancement for high biomass per unit time

DSR/CI/2012-16/46

Genetic enhancement of sweet and high
biomass sorghums for traits related to first
and second generation biofuel production
and shoot pest tolerance

P4. Mitigating adverse effects of climate change

DSR/CC/2012-16/63

Phenotyping kharif sorghum for climate
change (heat and drought tolerance)
adaptation
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Period

June 2012-
May 2017
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May 2017
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June 2012-
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MY Samdur

KBSR Visarada

R.Madhusudhana

AV Umakanth

SS Rao

P5. Development of crop production technologies for increased input efficiency

DSR/CP/2012-15/47

DSR/CP/2012-15/48

DSR/CP/2012-17/50

DSR/CP/2012-15/51

DSR/CP/2012-15/64

Conservation tillage, moisture
conservation and nutrient management in
grain sorghum

Improving nitrogen use efficiency in grain
sorghum under rainfed conditions

Introduction and dissemination of
promising sorghum production
technologies in rice-fallows under zero-
tillage

Impact assessment of rabi sorghum
production technologies demonstrated in
the farmers’ fields

Intranet for data mining and development
of online web-based AICSIP database
management system

P6. Abiotic stress management

DSR/AS/2012-17/52

DSR/AS/2012-15/53

Physiological and molecular approaches to
improve salinity tolerance in sorghum

Over expression of genes involved in
Ascorbate-glutathione cycle to enhance
the abiotic stress tolerance in transgenic
sorghum plants
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May 2017
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June 2012-
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S Ravi Kumar

RR Chapke

RR Chapke

P Mukesh

HS Talwar
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Co-Investigators
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HS Talwar
N Kannababu

P Sanjana

PG Padmaja

BV Bhat
PG Padmaja

JS Mishra

C Aruna

K Hariprasanna
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M Elangovan
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K Srinivasa Babu

JS Mishra

K Srinivasa Babu
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A Kalaisekar
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AV Umakanth
OV Ramana

R Madhu
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Project Code Project Title

P7. Biotic stress management

DSR/PP/2011-14/32  Comparative life tables and key factor
analysis of the spotted stemborer, Chilo
partellus (Lepidoptera: Crambidae) and its
management by using new insecticide
molecules

Population biology of sorghum shoot fly,

Atherigona soccata

DSR/BS/2012-15/54

DSR/BS/2012-15/55 Integrated pest manangement for shoot
bug [Peregrinus maidis (Ashmead)] in

sorghum

DSR/BS/2012-15/56  Exploitation of entomopathogenic fungi for

management of sorghum pest

DSR/BS/2012-15/57  Early detection of stored grain pests based
on volatile cues and their biorational

management in sorghum

Insect-host plant-environment interactions
on sugarcane aphids Melanaphis sacchari
(Zehntner) (Homoptera: Aphididae) and its
management in rabi sorghum

DSR/BS/2012-16/58

DSR/BS/2012-16/60 Identification, characterization and
utilization of fungus-specific resistance

against sorghum grain mold

DSR/BS/2012-15/65 Epidemiology and host plant resistance to

sorghum anthracnose
P8. Seed science and technology

DSR/SS/2012-17/61 Seed science approaches to enhanced

seed setting and longevity in sorghum

P9. Value addition for commercialization

DSR/CU/2011-14/33 Extension strategies for scaling up the
sorghum productivity and popularization of

value-added sorghum food products

DSR/VA/2012-15/62  Innovative value-addition of by-product

from sorghum foods

P10. Functional foods and basic studies

DSR/BT/2009-13/14 Study on biochemical mechanism of
sucrose accumulation and fermentation
technology for biofuel production in sweet

sorghum
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@ IRC, IMC, QRT Meetings and Significant Decisions

Institute Research Committee (IRC) meeting

Institute Research Committee (IRC) met under
the chairmanship of Dr. JV Patil, Director, DSR on
7 June, 2013. The meeting was aimed at
discussing the annual progress of the DSR
projects. Respective Pls of the project presented
annual progress and output made during 2012-
13. Presentations were focused on four to five
major aspects like time management, annual
progress, output including publication, and future
work-plan. Altogether 10 mega projects including
sub-projects were presented and discussed at
length. The details of the projects, progress and
output, and comments and suggestions received
during presentation are given in the proceedings.
At the end of the meeting, Chairman extended his
appreciations for all the presentations in general
and expressed his satisfaction on the annual
progress made in most of the projects. Dr. HS
Talwar, PME Cell in-charge informed the house
about the new RPP format and stressed that new
project proposals should strictly follow all the
steps laid out in the RPP guidelines. The meeting
was organised by Dr. IK Das, Member Secretary
of IRC.

Delebrations in progress during the IRC meeting

Institute Management Committee (IMC) meeting

The 24" Institute Management Committee (IMC)
meeting was held at DSR on 6 August, 2013 under
the chairmanship of Dr. JV Patil, Director, DSR.
Other members who participated in the IMC
were: Dr. N Sarla, Principal Scientist, DRR,
Hyderabad; Dr. V Dinesh Kumar, Principal
Scientist, DOR, Hyderabad; Dr. Shyamal Kumar
Chakrabarty, Principal Scientist, NBPGR; Dr. G.
Shyam Prasad, Principal Scientist, DSR,
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Hyderabad; Sh. Saroj Kumar Singh, AO, DSR,
Hyderabad (Member-Secretary) and Sh. K
Sanath Kumar, SFAQ I/c, DSR, Hyderabad. All the
issues enlisted in the agenda relating to
administration, finance, works, and other issues
were reviewed. The minutes were sent to the
Council for approval.

|.|:

Discussion during the IMC meeting

Quinquennial Review Team (QRT) Meeting

The ICAR in April, 2012 constituted a
Quinqguennial Review Team (QRT) to review the
work done by the DSR, Hyderabad and AICSIP
during the period from 2007 to 2012. The team
was reconstituted during the months of June and
August, 2012. The team carried out its task in
three phases spanning over 26 days and visit to
14 AICSIP centers in addition to DSR and CRS,
Solapur. The major observations and
recommendations are as follows:

A.Directorate of Sorghum Research

1. Technical

1.1. Crop Improvement

1.1.1. Genetics and Plant Breeding

1.

DSR should have close liaison with the NBPGR,
New Delhi and its regional center at Hyderabad
for germplasm collection, storage, rejuvenation
and evaluation. There can be joint collection tours
but duplication should be eliminated. The
medium term storage facility at DSR should be
strengthened. In the light of the frequent
environmental changes in sorghum growing
areas and the prospects of extending sorghum
cultivation to the non-traditional areas, evaluation
of germplasm especially the land races for



adaptability needs to be taken up on priority. DNA
fingerprinting of the landraces should be done to
indicate their genetic diversity.

To combine high yield potential of the kharif types
and the grain quality parameters of the rabi types,
introgression of traits by crossing kharif and rabi
types is being tried for long time without much
practical success and acceptance. However,
such derivatives may be evaluated as potential
sources for the changing environmental
situations and non-traditional areas.

Experience over the earlier decades has
indicated that the sorghum hybrids have shown
better adaptability over the varieties and better
replacement in the kharif season. However, in the
rabi season the hybrids could not be spread in
comparison with the varieties. This was attributed
to the lack of genetic diversity among the parental
lines of the rabi hybrids, less adaptability of
hybrids compared to the varieties, problems in
the commercial F, seed production and inferior
grain quality of hybrids as compared to varieties.
These problems should be given due
consideration while developing the cultivars for
the rabi seasons.

Though breeding programme for the
development of diversified parental lines for both
kharif and rabi seasons is satisfactory, it should be
accelerated further. Efforts on diversification of
CMS cytoplasm are essential.

Forage breeding research needs to be
concentrated on the development of hybrids
giving higher biomass, better digestibility and
resistance to biotic stresses. At present the sweet
sorghum cultivars including hybrids and varieties
are showing promise and are being utilized for
forage purpose. Until the time the sweet sorghum
genotypes find place in industrial utilization (e.g.
biofuel), their improvement for forage purpose
may be looked into. The promising sweet
sorghum cultivars may be pushed ahead for
forage purpose.

The QRT was shown the results on the successful
crossing of sorghum by pollinating with maize.
The results, though need critical examination,
have tremendous implications in terms of
sorghum improvement for biotic and abiotic
stresses, forage, value addition and nutritional
quality including protein and lysine content. Work
onthis direction needs to be intensified.

In order to fit sorghum to different cropping
systems, efforts need to be made to identify
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hybrids yielding more than CSH 23 with similar or
earlier maturity. In rabi programme as well, work
on earliness and screening for cold tolerance
needsto be initiated.

In rabi programme, efforts towards development
of varieties for different soil depth (shallow,
medium and deep) has given good dividend.
Rabi breeding programme needs to be tailored to
develop varieties for varied soil depth. (DSR &
AICSIP)

Maintenance of nucleus seed must be done
regularly by concerned breeder/center to prevent
breakdown of good varieties. (DSR & AICSIP)

Although many high yielding hybrids and
varieties have been developed and released for
kharif and rabi seasons, horizontal spread of
these cultivars is very slow for want of sufficient
seed production. An element of professionalism
needs to be brought in for the purpose. Public
Private Partnership (PPP) should be encouraged
to avoid the time lag and to reap the benefits of
research. (DSR & AICSIP)

1.1.2. Biotechnology

1.

Good progress has been made on QTL
identification for various traits. Now the
biotechnologists need to focus on transfer of
these QTLs towards development of better
varieties/parental lines. Marker-assisted
backcross breeding needs to receive priority,
particularly for the traits for which leads have
already been achieved.

Progress on stem borer resistant transgenic is
appreciated. Efforts need to be made to take the
events to farmers’ fields. Research on apomixis is
at preliminary stage and the scientist should have
a long term strategy to address the issue through
transgenic approach.

Identification of sources of resistance, particularly
against shoot fly and grain mold has not met with
good success. QRT was informed that DSR has
succeeded in identifying QTLs for major shoot fly
resistance attributing traits. Efforts are needed to
focus and use these QTLs to convert parental
lines of popular hybrids as well as varieties. Grain
mold management needs attention of
biotechnologists.

Drought is another production constraint,
particularly for rabi sorghum. Breeding for
resistance to drought stress condition has not
helped much to improve upon the traditional
variety M 35-1. Marker assisted transfer of stay
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green QTLs have indicated some promise.
However, this needs to be confirmed and
concentrated efforts need to be made in this
direction. Allele mining for candidate genes for
drought tolerance is a good initiative towards this
direction. QRT recommends developing drought
tolerant transgenic sorghum using reported
genes conferring drought tolerance in different
plant system (e.g. DREB).

Development of Phule Suchitra at Rahuri from the
crossing of two rabi landraces indicate that scope
exists to pyramid the QTLs for yield and quality
traits in the landraces. The biotechnology group
at DSR should identify such QTLs in the diverse
rabi types. Use of landraces in development of
rabi varieties should be focused on the basis of
molecular diversity.

Association mapping is a new area of research to
identify markers for important traits. Initiation of
work in this direction is appreciable. But for this
purpose, association panel needs to be
constructed very meticulously and complex traits
like drought, quality, etc. may be taken up. Traits
for which good progress has been made using
biparental mating (like shoot fly) or traits showing
less variability in germplasm (like shoot fly and
grain mold tolerance) should not be taken up for
association mapping studies.

1.2. Biochemistry and value addition

1.

About 4-5 decades ago, the National Institute of
Nutrition, Hyderabad attributed the human
syndrome like pellagra to continued consumption
of sorghum, especially the kharif sorghum.
Imbalance of essential amino acids in sorghum
proteins was believed to be the cause for the
syndrome. It is not known whether the present
day sorghum cultivars are nutritionally superior to
the then varieties. This needs to be ascertained to
provide lead for future work.

A commendable job has been done by the DSRin
not only developing a number of food products
from sorghum, but also commercializing them by
encouraging at least a dozen companies like
Britannia to take up value addition to sorghum on
commercial scale. Diversion of rabi sorghum to
value added product may further increase the
price of rabi sorghum. Therefore, efforts need to
be made to identify kharif sorghum cultivars,
grown in rice fallows during rabi/summer, for
value addition. Introduction of kharif genotypes
for cultivation in the non-traditional areas (rice-
fallows in AP, Orissa and Bihar) may provide
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cleaner and quality grain, which will encourage
the establishment of food products and feed
industries in such areas.

1.3. Crop Production

1.3.1. Agronomy

1.

2.

Soil moisture and weather regimes are not
considered while interpreting the results of
agronomic experiments at present. For better
understanding of the results, in depth analysis of
soil moisture and weather data should be taken
into cognisance and correlated with crop growth
under different agro-climatic situations.

Micro-climatic conditions grossly influence
agronomic results. However, presently such data
are not taken into consideration while interpreting
agronomic results. Micro-climatic studies like
light use efficiency and light of different
genotypes will have to be undertaken. The
necessary equipments, viz., Line quantum
sensor, Leaf area meter, Luxmeter, Plant water
status console, Photosynthesis system should be
procured and training e imparted to the scientists.

Rainfall pattern varies considerably across the
centers. Hence in the trials concerning the date of
sowing (DoS), the dates should be fixed as per
rainfall probability analysis rather than scheduling
DoS as a common protocol to all centres. One or
two dates prior to and after onset of rainfall should
be the realistic DoSs for determining the optimum
DoS for each agroclimatic region/zone.
Outcomes from such findings will only have
acceptability in practice.

Dryland experiment results are often prone to
vitiation due to climatic vagaries. Hence, it is
suggested that all agronomic experiments should
be conducted at least for 3 years to draw valid
inferences.

There are three critical pheno-phases in rabi
sorghum for drought, i.e., early, medium and
terminal drought. Research on different situations
may be conducted and precise varietal
recommendations should be made available.

Initiation of weed management studies is
appreciated. However, towards efficient and
effective weed management in sorghum
ecosystem, weed diversity in different agro-
climatic situations should be studied and
catalouged.

Initiative towards popularization of sorghum in
non-traditional areas is well appreciated. Efforts
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should be made to provide full production
capsule of sorghum cultivation to such ecology.
Work may be initiated to fit sorghum in the
cropping system rather relying sorghum as sole
crop.

Cost of cultivation will be a limiting factor at all
times and places. Investigation should be
focused on mechanization of sorghum cultivation
specially harvesting and threshing. For this
purpose help of agricultural engineering
disciplines may be explored wherever such
departments are available in SAUs. A strong
linkage may be established with CIAE, Bhopal to
addressthisissue.

Progress of sorghum in rice-fallows is very
impressive. In the states like Andhra Pradesh,
Orissa and Bihar the kharif type sorghum should
be introduced. Research on identification of
proper sorghum genotypes, development of
production technology including farm
mechanization and economic analysis should be
immediately undertaken.

With perceived success of sorghum in rice-
fallows, efforts need to be made to spread
sorghum further to non-conventional states like
Orissa, Jharkhand, Bihar and West Bengal, where
large area remain fallow in rabi after harvest of
kharif rice. It is necessary to find out type of
sorghum that will have better adoption to such
situation. Pilot experiments for such areas need to
be initiated. Possibility of forage sorghum to meet
the fodder need may also be assessed. It is
necessary to work out the economics of sorghum
cultivation vis-a-vis other crops like maize in rice
fallows.

1.3.2. Physiology

1.

Many genotypes for stay green, high RWC, SLW
and good root attributes have been identified by
he physiologists. It is worth using these donors in
droughtresistance breeding programme. For that
purpose physiologists should get involved in the
breeding process rather working in isolation.

Experiments on soil application of potassium and
foliar spray of plant growth substances at critical
phenological stages be formulated and
conducted for mitigating water stress under field
condition.

Since SPAD values indicate only rough idea of
chlorophyll content, the heuristic regression
models may be developed so as to get estimates
of chlorophyll a, b as well as NPK status.
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1.4. Crop Protection

1.

Plant protection specialists should be involved in
breeding for resistance to biotic stresses from
early segregating generations towards selection
of entries for pest/disease resistance and
desirable traits. (DSR & AICSIP)

Uniform data recording and screening
methodologies need to be followed across
centers. A training programme should be
organized for sorghum pathologists and
entomologists working in different AICSIP centers
to have uniformity in the performance evaluation.

1.4.1.Entomology

1.

Pest prediction or forecasting modules are to be
developed as decision support system (DSS)
based on thorough understanding of host-insect-
environment interaction in the laboratory/green
house and field conditions. Conventional style of
studying life table and climatic conditions do not
serve as dependable prediction indicators. These
studies should be in line with recently concluded
NAIP Project on “Development of DSS for major
insect pests of rice and cotton cropping system”
at CRIDA, Hyderabad. (DSR & AICSIP)

Cataloguing of germplasm for resistance to major
pests like shoot fly, stem borer, shoot bug and
aphid should form baseline research in
association with yield, agronomic and
physiological traits. (DSR & AICSIP)

Findings on role of plant volatiles in insect-host
interaction are interesting. Exploitation of plant
volatiles as kairomones for shoot fly on sacrifice
plants/rows should be explored.

1.4.2. Plant Pathology

1.

Induced systemic resistance using salicylic acid
and jasmonic acid pathways against fungal
diseases have indicated promise in other plant
systems. Basic research in this direction needs to
be initiated.

Grain mold has remained an unsolved problem
long time in sorghum. Epidemiology, forewarning
and management of grain molds through host
plant resistance and molecular breeding need to
be explored.

Pathogenic and molecular variability of
pathogens of anthracnose, downy mildew, leaf
blight and zonate leaf spot diseases should be
initiated. This work should be conducted under
controlled conditions.
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With changing climate new pathogens are
appearing in sorghum. Hence, on a futuristic
approach, basic research needs to be initiated on
emerging viral diseases, bacterial stalk rot and
Pokkah boeng.

1.5. Extension

Scientific staff needs to be supported adequately
with technical and supporting staff as per

established ICAR norms. Unfilled positions need
to be filled on priority basis. Additional 5 positions
of technical staff should be created to strengthen
the scientists’ working capability for higher out-
turn. Improvement in the efficiency of working of
the Solapur centre of the DSR is emphasized.

It was observed that new production 2. Administrative and financial management is
. . ew b satisfactory. However, efforts need to be made to
technologies have impacted significantly towards : h - - :
increasing the sorghum productivity as well as improve the coordination among administration
o . and finance to facilitate harmony and enthusiasm
profitability of sorghum growers. Impact analysis
o among researchers.
of all sorghum research activities should be done
on five yearly basis to get a feedback onthe hick- B.  All India Coordinated Sorghum Improvement
ups in the adoption of technology for refinement. Project
Oftenin FLD only new cultivars are demonstrated, 1. Policy
while key_ production te.chn_ologlt_aS like water 1. Upsurge in the kharif sorghum areato over 10.3 m
conservation methodologies in rabi sorghum are . S
not included. This fails to demonstrate full ha in 1970s and sustaining it over three decades,
oroduction .potential of the developed consequent to release of first ever hybrid (CSH 1)
technologies. So total production technologies mthg country, led to expand rese_arch network on
kharif sorghum through establishment of new
should be demonstrated as a package under FLD .
. centres and creation of new areas of
programmes rather than demonstration of Y o
components of production technology in specialization in the existing centres. But the
isolation scenario has gradually changed and the kharif
’ sorghum is losing foot-hold by gradual decline in
1.6. Economics area to 3.67 m ha, a reduction of alImost 65%, by
Sorghum economics vis-a-vis other crops giving way to other crops. In contrast, rabi
revealed that during the period under report sorghum is holding on with a marginal reduction
9 period u eport, of 1.5 m ha and continues to pour its share to the
sorghum became less competitive in kharif with . . .
low input-output ratio compared to other crops national pool on food production as every grain
This has led to aradual decline in its area and and piece of stalk are used for human and animal
e 9 : . consumption, respectively. Rabi sorghum
substitution by other remunerative crops like S . : ;
cotton, soybean, maize etc. However, the recent cultivation is becoming remunerative owing to
changes such as increase in output prices of rabi rise in commo_d|ty (gral_n & fodder) price. [n
sorghum, pronounced climate changes, and accordance with shift in the scenario, it is
innovatic’ms in processing technologi;as in imperative that rabi sorghum research network
sorghum and millets have led to relook the has to be strengthened. Therefo_re, the QRT
economics of sorghum cultivation vis-a-vis other strongly recommends for restructuring of AICSIP
croos. It is re?:ommended to reassess network to address the rabi sorghum more
comp e'titiveness of kharif and rabi sorahum intensively and extensively by establishing new
sepa?ately for future prospects 9 testing centresintrue rabi areas.
2. General 2. Technical
DSR being national lead centre for basic 1 Centersl need to c.oordlnate with D.SR n
. . exploration, evaluation and preservation of
research, resource positions in Agrometeorology, landraces
Soil Science, Statistics and Microbiology are '
wanted to address the basic issues for 2. Forfaster spread of newly evolved varieties seed
developing adaptive technologies. Therefore, the production of such varieties may be undertaken
institute should be strengthened with these under seed village concept in collaboration with
positions. SAUs, KVKs and other government agencies.
3. Administrative 3. Serious procedural lapses were evident in crop

improvement at Surat. Director may issue strict
instruction to the university authority to improve
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the functioning or if feels appropriate the center
may be shifted elsewhere.

Standard methodology needs to be adopted in
recording data on survey and surveillance of
pests and diseases. Present practice leads to a
situation in which the results are neither
comparable nor can be pooled to draw inference
on changing scenario of pests and diseases.

Basic research on shoot bug and aphids in rabi
sorghum needs to be intensified to understand
the weak links in the development and
succession. Shoot bug, as a vector of virus, is
likely to pose threat to rabi sorghum cultivation.
Specific rabi sorghum centres should be
entrusted with this basic research.

Pathological investigations should be carried out
under artificial inoculation of pathogens at all the
centres by the pathologists.

Research programme on identification of
resistant sources for grain mold in yellow
sorghum and identification of efficient strains of
bio-agents for grain mold should be initiated at
Palem.

Studies on variability of C. graminicola and E.
trucicum should be initiated at Udaipur.

Work towards identification of physiological races
of leaf blight and anthracnose disease should be
undertaken at Pantnagar and Udaipur.

Surveillance programme for Pokkoh boeng be
initiated in all rabi sorghum growing areas and
efforts need to made to identify sources of
resistance.

For animal feeding trials, help of animal scientists
should be taken wherever such positions are
available in the respective university.

Administrative

Previous QRT remarked that poor or inadequate
progress of research at some centers was matter
of concern and suggested that matter be taken up
with concerned institution for corrective
measures failing which positions may be
withdrawn. The present QRT noticed the
prevalence of same situation in Surat, Indore,
Meerut, Mauranipur and Deesa centers and
therefore, suggest that strategic measures be
designed to make centers vibrant and function
effectively and efficiently.

Progress of Mauranipur center in Uttar Pradesh is
highly unsatisfactory and center is almost
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defunct. The centre is not responsive to
implementation of programme, utilization of
funds and reporting to the DSR periodically and
as a result the centre seems to be working as
autonomous. These observations were placed on
record by the previous QRT and strongly
recommended for shifting of centre to Meerut or
some other suitable location in U.P. While
implementing this recommendation, the council
established a new centre at Meerut but continued
the Mauranipur centre. Strangely and most
unexpectedly, Meerut centre is also not
functioning to the expectation. This centre has not
been active and responsive to the commitment.
Therefore, the present QRT strongly reiterates
closing of Mauranipur and Meerut centres.

Out-turn of research at Coimbatore is not in
proportion to the manpower provided. In contrast,
the programme includes plant pathological
research without specialized manpower. The
centre is availing the assistance of plant
pathologist from Dharwad. Similarly performance
of Kovilpatti centre is not satisfactory in the areas
of specialized positions provided. In the light of
these reasons, it is recommended to shift a
scientist position from Kovilpatti to Bijapur to
address plant pathological investigations for
charcoal rot management in rabi sorghum.
Bijapur is ideal location for conducting research
on charcoal rot, a season specific disease.
Varietal improvement programme envisages
development of charcoal rot resistant/tolerant
genotypes, hence, there is necessity of plant
pathologist. One position of breeder may be
converted as plant pathology to carryout
pathological programme at Coimbatore. Senior
Breeder at Kovilpatti should take up
investigations on grain and forage sorghum
improvement.

A position of Agronomy needs to be provided to
Bijapur as the center is to work on enhancement
of input use efficiency to lower cost of production
and drought management in rabi sorghum in
association with pathologist.

For strengthening physiological research on
resistance to salinity and drought, position of crop
physiologist may be provided to Hisar.
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Name of the Official

C Aruna
N Kannababu

N Kannababu

HS Talwar &
AV Umakanth

HS Talwar

JS Mishra and
Sujay Rakshit
JVPatil &

AV Umakanth

HS Talwar

VR Bhagwat &
Prabhakar

CV Ratnavathi
JV Patil &
HS Talwar
CV Ratnavathi

VR Bhagwat &
IK Das

CV Ratnavathi

Vilas A Tonapi

JV Patil
JV Patil

P Mukesh

B Dayakar Rao
D Balakrishna

Participated in

Forage Consultation Meeting

Annual Group Meeting of National
Seed Project

XIll National Seed Seminar on
Innovations in seed research and
development

Indo-US project work plan
discussions

Il phase ICRISAT-DSR-ACIAR
Project

XIV Working Group Meeting of
AICRP on Dryland Agriculture
Review meeting on JCERDC-
SALBS

2" Annual workshop of NICRA
project

4" Review and work plan meeting of
Harassing Opportunities for
Productivity Enhancement (HOPE)
for sorghum-millets in sub-saharan
Africa and South Asia

Meeting to discuss about sweet
sorghum juice

DG’s meeting on discussions in
Performance indicators

Third Annual Review workshop of
NFBSFARA projects

Strategic areas for research
collaborations in the area of
biological control, product
development and technology
transfer for pest management

Annual Review workshop of DBT
projects of Task force-Food and
Nutrition

VIl Annual Review Meeting of ICAR
Seed Project

AICSIP-EFC meeting

Food Security for health and
nutritional well-being

Digital and Wireless Test
Symposium

NAIP Cross cutting workshop
South Asia Bio-safety Conference &
workshop on preparation of biology
documents
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Venue

ICRISAT, Patancheru
Agri College, Ludhiana

ation of Scientists in Conference, Symposia,
Seminars, Workshops and Meetings

Period

18 Apr., 2013
27-29 Apr., 2013

UAS, GKVK, Bengaluru 8-10 June, 2013

ICRISAT, Patancheru
ICRISAT, Patancheru

CRIDA, Hyderabad

Ooty
IARI, New Delhi

Yashada, Pune

IISR & IITR Lucknow

NCAP, New Delhi
NASC complex,

New Delhi
DOR, Hyderabad

DBT, New Delhi

NBPGR, New Delhi

New Delhi
NIN, Hyderabad

Taj Deccan, Hyderabad

BAIF, Pune
DBT, New Delhi

10 June, 2013
10 June, 2013
11-12 June, 2013
12-13 June, 2013
16-19 June,2013

12-13 June, 2013

4-7 July, 2013
15 July, 2013
22-23, July 2013

26 July, 2013

19 Aug., 2013

23-25 Aug., 2013

29-31 Aug., 2013
3 Sept., 2013

5 Sept., 2013

12-13 Sept., 2013
18-20 Sept.,2013.



Participation of Scientists in Conference, Symposia, Seminars, Workshops and Meetings

Name of the Official

JV Patil &
AV Umakanth

Vilas A Tonapi

SS Rao

M Elangovan &
P Mukesh

CV Ratnavathi

D Balakrishna

D Balakrishna

B Dayakar Rao

Vilas A Tonapi

JS Mishra &
Mahesh Kumar

VR Bhagwat &
RR Chapke

HS Talwar

SS Rao

SS Rao &
B Dayakar Rao

SS Rao

HS Talwar

Participated in

Joint discussions - US-India Joint
Clean Energy Research and
Development Centre (JCERDC)
project on “Development of
sustainable advanced lignocell
ulosic biofuel systems”

Meeting and Hearing on Parental
line status

Valedictory session at 4"
International Training Course on
Sorghum Hybrid Parents
Improvement and Seed Production

National Conference on Agri-
biodiversity management for
sustainable rural development

Review meeting of NFBSFARA
project

South Asia Bio-safety Conference
organized by BCIL, CERA and ILSI
Research Foundation, Washington

Biology Documents as a
Resources for Environmental Risk
Assessment of Genetically
Engineered Plants

Brainstorming session on “Role of
millets in nutritional security of
India”

Meeting on fodder seed production
and training on forage seed forge
seed production

Meeting of TOLIC

(Hyderabad-Secunderabad
Chapter)

Meeting on National Agri-Fair,
Krishi Vasanth

Meeting of RFD nodal officers/co-
nodal officers of RCEs of crop
science division and presentation
of Draft RFD 2013-14

World Agricultural Forum Congress
2013 & Agri-Tech Trade Fair and
Interaction with farmers

Awards ceremony of Best Innovator
for Food Processing Technology
Award”- FOOD 360

National Conference on
“Innovations In Chemical
Engineering - ICE2013”
Maintaining cereal productivity
under climate change through
international collaboration
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Period
22-28 Sept., 2013

Venue

University of
Florida, USA

PPV&FRA, New Delhi 10 Oct., 2013

ICRISAT, Patancheru 11 Oct., 2013

NAARM, Hyderabad 14-15 Oct., 2013

MPKYV, Rahuri 29-30 Oct., 2013

Hotel Vivanta,
NewDelhi

18 Sept., 2013

Hotel Taj- Ambassador, 19 Sept., 2013

New Delhi

NAAS, New Delhi 19 Oct., 2013

DSR, Mau 19-20 Oct.,2013
CRIUM, 23 Oct., 2013
Hyderabad

CICR, Nagpur 29-31 Oct., 2013
ICAR, New Delhi 29-30 Oct., 2013

HICC, Hyderabad 5-7 Nov., 2013

HICC, Hyderabad 6 Nov., 2013

BITS Pilani, Hyderabad 15-16 Nov., 2013

NASC, New Delhi 16-21 Nov., 2013



802

T g
ICAR

Name of the Official

JV Patil, B
Subbarayudu &
RR Chapke

Sujay Rakshit

KBRS Visarada, D
Balakrishna &
P Rajendrakumar

D Balakrishna

Vilas A Tonapi
JV Patil & SS Rao

JV Patil

Vilas A Tonapi
AV Umakanth

Vilas A Tonapi
CV Ratnavathi

JV Patil
JV Patil
SS Rao

JV Patil

B Subbarayudu
Mahesh Kumar

P Sanjana Reddy
B Dayakar Rao

P Sanjana Reddy

JV Patil &
Sujay Rakshit

JV Patil, JS Mishra,
VR Bhagwat,RR

Chapke & AD Vishala

Participated in
Interface meeting of ICAR
Institutes
Maintaining cereal productivity

under climate change through
international collaboration

Safety assessment of genetically
modified (GM) crops

Issues related to genetically
modified (GM) crops

Review of DUS Guidelines
‘Interactive workshop on
Administrative and Financial
matters for the ICAR institutes
located in Southern region’

Selection committee meeting

Valuation of Technologies in NARS
Agro-based biomass availability,
processability and resultant
chemicals

Seed Planning Meeting

Two-day stakeholder consultation
workshop - Study on developing a
performance-related incentive
scheme (PRIS) for promoting basic

research
Joint Conference of VCs and ICAR

Directors organized by ICAR
Directors Conference organized by
ICAR

Zonal Seminar of Indian Society of
Plant Physiology

Regional committee (Zone - I
meeting

Meeting with JDA, Guntur

Changing Environment and Official
Language Implementation

Agriculture, Veterinary and Life
Sciences

Agripreneurship for women
employment & empowerment

Second International conference

on Agricultural and Horticultural
Sciences

101 Indian Science Congress

National Agriculture Fair, Krishi

Vasant

90

Type

==

==

==

DSR | ANNUAL REPORT 2013-14

Venue
Agri. College, Bapatla

New Delhi

ICRISAT, Patancheru

ANGRAU, Hyderabad

PPV&FRA, New Delhi
NAARM, Hyderabad

ASRB, New Delhi

NASC, New Delhi
NCL, Pune

UAS, Bengaluru
ASCI, Hyderabad

NAISM, Baramati
YASHADA, Pune
Agri. College, Bapatla
CIFRI, Barrackpur

Guntur
ASL, Hyderabad

Vijayawada
NIRD, Hyderabad

Hyderabad

Jammu

CICR, Nagpur

Period
17 Nov., 2013

18-19 Nov,, 2013

23 Nov., 2013

28 Nov., 2013

5-6 Dec., 2013
9-10 Dec., 2013

10 -11 Dec., 2013

25-27 Dec., 2013
10-11 Jan., 2014

17 Jan., 2014
18-19 Jan., 2014

19 Jan., 2014

20 Jan., 2014

23 Jan., 2014

24 Jan., 2014

25 Jan., 2014
30 Jan., 2014

24-25 Jan., 2014

30-31 Jan., 2014

3-5 Feb., 2014

3-7 Feb., 2014

9-11 Feb., 2014
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Name of the Official
B Dayakar Rao

JS Mishra

SS Rao & Sujay
Rakshit

JS Mishra
CV Ratnavathi

SS Rao & Sujay
Rakshit
B Dayakar Rao

Vilas A Tonapi
B Dayakar Rao

Sujay Rakshit

JV Patil &
Vilas A Tonapi

SS Rao

A Kalaisekar

K Hariprasanna

AV Umakanth

C Aruna

JV Patil, JS Mishra,
RR Chapke &

A Kalaisekar

A Kalaisekar &
JS Mishra

Prabhakar,
HS Talwar &
R Madhusudhana

SS Rao

JS Mishra and
Mahesh Kumar

Participated in
4" |nternational Grain Conference

AICRP-weed control group meeting

CGIAR Research Program on
Dryland Cereals R4D summit

ISWS Conference
4" World petro coal congress

Sorghum Scientist Field Day

Cross Learning Workshop of NAIP
Seed quality control strategies

6" Annual workshop - 2014 of NAIP
Component-2

Interaction meeting of AICRP
scientist

Meeting with In-charges at Bijapur
and Dharwad centres

Visit of field facility of heat tunnel
and CO,chambers-cum-meeting

Internet Protocol Version 6 (IPv6) in
DARE/ICAR

DUS review meeting organized by
PPV&FRA

International Workshop on Sweet
Sorghum and Final Meeting of
Sweetfuel project

Brain storming session to formulate
action plan for developing crop
hybrids

Post-harvesttechnologies in millets

Leveraging mobile phone
technology for reaching the farmers

Inception workshop of the second
phase of “Improving post-rainy
sorghum varieties to meet the
growing grain and fodder demand
in India” under ACIAR project
Interactive meeting of ANGRAU
faculty, ICAR Directors with Daniel
Gustafson, Dy. DG (Operations),
FAO, Rome on research and
technology development and
dissemination

Meeting of TOLIC Hyderabad-
Secunderabad (Central Govt.
Offices)

Type
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Venue

Indian International
Centre, New Delhi

DWSR, Jabalpur
ICRISAT, Patancheru

DWSR, Jabalpur
NDCC, New Delhi

ICRISAT, Patancheru

DOR, Hyderabad
Aurangabad

NASC Complex, New
Delhi

DOR, Hyderabad

UAS, Dharwad and
Bijapur
DRR, Hyderabad

NASC Complex, New
Delhi
UAS, Dharwad

ICRISAT, Patancheru

ANGRAU, Hyderabad

Agri. College, Madurai

DOR, Hyderabad

ICRISAT, Patancheru

ANGRAU, Hyderabad

CRIUM, Hyderabad

=
Period
10 Feb., 2014

13-14 Feb., 2014
14-15 Feb., 2014

15-17 Feb., 2014
15-17 Feb., 2014

17 Feb., 2014

18 Feb., 2014
20-21 Feb., 2014
21-22 Feb., 2014

23 Feb., 2014

25-27 Feb., 2014
26 Feb., 2014

27 Feb., 2014

28Feb.-1Mar, 2014

3-4 Mar., 2014

4 Mar., 2014

13 Mar.,, 2014

18 Mar., 2014

18-20 Mar., 2014

21 Mar., 2014

26 Mar., 2014

All DSR scientific fraternity participated in the 43" AGM of sorghum held at Hyderabad during 20-22 Apr., 2013
and the Global Millet Meet entitled “Global consultation on millets promotion for health and nutritional security”
held at DSR during 18-20 Dec., 2013.
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@ Field Days and Meetings

Field Days

Field Day on Sorghum organized for Tribal
Farmers

The DSR, Hyderabad organized a field day under
tribal sub-plan (TSP) on 21 Oct., 2013 at Amba village,
Jhabua district, Madhya Pradesh. The main objective
ofthe programme was to create awareness and build-
up confidence to adopt improved sorghum
production technologies and thereby increasing the
profitability of agriculture for socio-economic
upliftment of the tribal farmers. Around 105 sorghum
farmers of this area attended the programme. Dr. JV
Patil, Director, DSR welcomed all the participants and
gave orientation about improved sorghum
cultivation, and role of DSR for increasing the benefits
from sorghum cultivation. The farmers were
impressed with the performance of sorghum variety
having big size panicles and juicy stem compared to
theirlocal cultivars.

'iﬁﬁat:.;a n
: JI-u.l. I"-. I- = 2 b

Dr JV Patil addressing the tribal farmers at Amba village

Meetings
Half yearly review of NFBSFARA Project

Half yearly review meeting of the project on “Studies
on sucrose accumulation in sweet sorghum for
efficient ethanol production” funded by National fund
for basic, strategic and frontier application researchin
agriculture (NFBSFARA), ICAR under the Bio-energy
from Agriculture theme was held at DSR, Hyderabad
on 28 Sept.,, 2013. The chairman of the review
committee of the project Dr. S Bala Ravi, Former ADG
(IPR), ICAR New Delhi chaired the meeting and
conducted the proceedings. He also visited the sweet
sorghum research field experiments. The CCPI and
associate scientists Drs. SR Gadakh and UD Chavan
from the cooperating centre MPKV, Rahuri also
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participated in the meeting. Dr. SS Rao, Principal
Scientist and Director in-charge, DSR addressed the
group. Dr. C Aruna presented the progress on the
field research experiments and Dr. CV Ratnavathi
presented the progress of the research work in
biochemistry including progress in research related
to fermentation study.

Interactive meeting with scientists from JIRCAS,
Japan

An interactive meeting was held at DSR, Hyderabad
with scientists from JIRCAS, Japan on 29 Nov., 2013.
Dr. Ryoichi Matsunaga, Director, Crop, Livestock and
Environment Division, JIRCAS and Dr. GV Subbarao,
Senior Researcher and Group lead BNI, Crop,
Livestock and Environment Division, JIRCAS, Japan
participated in the deliberations with scientists of
DSR. Dr. JV Patil, Director, DSR, chaired the meeting
and briefed the team about the ongoing research
activities at DSR. He also had a discussion on
research and development of joint research
proposals on sorghum. Dr. Matsunaga expressed the
desire to collaborate with DSR in the area of BNI
which is a unique trait in sorghum. He mentioned that
he will carry the message to JIRCAS about the
willingness of DSR scientists to work in collaboration
with JIRCAS. Dr. Subbarao made a brief presentation
of his latest accomplishment in the area of BNI with
specific reference to sorghum. JIRCAS scientists

Interactive meeting with scientists from JIRCAS

encouraged DSR scientists to apply as well as
compete for various on-going fellowship
programmes in JIRCAS and Japan.

Sorghum Stalls

As a promotional activity aimed towards creation of
awareness and popularization of processed sorghum
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foods, food stalls were organized across India during
farmers’ days and other meetings.

At CRIDA

DSR had set-up a sorghum stall at the Farmers’ Day at
Gunegal Farm, organized by Central Research
Institute for Dryland Agriculture (CRIDA) on 13 Sept.,
2013. Posters on sorghum production technologies
were displayed and the samples of processed
sorghum food products were showcased. Sh.
Madhusudhan Rao, Agriculture Commissioner, Govt.
of Andhra Pradesh, and Dr. A Padma Raju, Vice-
Chancellor, ANGRAU, visited the stall along with Dr. B
Venkateswarlu, Director, CRIDA. About 600 farmers,
scientists, seed growers, stake holders from various
sectors and media persons visited the stall. Relevant
literature on improved sorghum production
technologies and value-added sorghum food
products was also distributed. Mr. Promod Kumar,
Technical Officer facilitated this stall.

AtKVK, Baramati

DSR installed a sorghum food kiosk at Krishi Vigyan
Kendra, Baramati, during 17-18 Jan., 2014. Union
Minister of Agriculture Sh. Sharad Pawar visited this
stall along with the Member of Parliament Smt.
Supriya Sule and other dignitaries. A large number of
participants including researchers, policy makers,
scientists, private sector delegates, and farmers
visited the stall. Delegates showed keen interest on
processed foods and machinery used for processing
sorghum. Mrs. Vishala Devender, Mr. Anis, DSR and
Mr. AR Limbore, Senior Technical Officer, CRS,
Solapur organized this stall.

At “Millet festival”, Guntur

DSR had set-up a stall in the exhibition organized
during “Millet festival” by ANGRAU during 25-26 Jan.,
2014 at Guntur. The stall exhibited improved cultivars
of sorghum particularly suitable for western coastal
districts of Andhra Pradesh along with sorghum food
products. Sh. Kanna Laxminarayana, Hon’ble
Agricultural Minister of Andhra Pradesh, Dr. A. Padma
Raju, Vice Chancellor, ANGRAU, Commissioner and
Director of Agriculture, Govt. of Andhra Pradesh,
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Dean of Home Science, ANGRAU, Sri. V Sridhar, Joint
Director of Agriculture, and more than 7000 farmers,
scientists from public and private sectors,
housewives and school children participated in this
festival. The importance of sorghum as health and
nutritious food was explained and the relevant
literature was distributed. Dr. B Subbarayudu, Sr.
Scientist and NAIP team Mrs. Kalpana, Ms. Shashma
and Mr. Anis managed this stall.

At National Agri-Fair “Krishi Vasant”

A five-day National Agriculture Fair-cum-Exhibition
entitled “Krishi Vasant-2014” was organized by the
Ministry of Agriculture in collaboration with
Confederation of Indian Industry, Govt. of India at
CICR campus, Nagpur, Maharashtra during 9-13
Feb., 2014. The Exhibition was inaugurated by
Hon’ble President of India Sh. Pranab Mukherjee in
the presence of Hon’ble Union Agriculture Minister
Sh. Sharad Pawar, Hon’ble Chief Minister Sh.
Prithviraj Chavan, Agriculture Minister Sh.
Radhakrishna Vikhe Patil, Chief Secretary,
Maharashtra and Secretary DARE, ICAR on 9 Feb.,
2014. DSR, Hyderabad actively participated in this fair
and the latest sorghum technologies were
showcased through (i) exhibition of food products in
the sorghum stall installed at ICAR pavilion, (i) live
crop demo of 17 high yielding cultivars planted in
demonstration field and (iii) presentation of latest
sorghum technologies through audio-visual and
personal interactions in Technology Farmer’s School
every day. Thousands of sorghum farmers from the
different parts of the country visited the sorghum stall
everyday and showed interest in novel food products
and their preparation. Dr. S Ayyappan, DG, ICAR, Dr.
T Rajendran, Ex-ADG, ICAR, Dr. JP Singh, Ex-Director,
DMD, MoA and dignitaries from the state departments
appreciated the work on value-addition undertaken
by DSR, Hyderabad. Useful literature on sorghum
was displayed and distributed to the visitors. A team
of experts including Dr. JV Patil, Director, DSR, Drs.
VR Bhagwat, JS Mishra, RR Chapke, Mrs. Vishala
Devender, and Mr. Anis participated.
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@ Distinguished Visitors

Name
Sh. Sharad Pawar

Dr. S Ayyappan

Dr. SK Datta

Dr. RP Dua

Dr. A Padmaraju
Dr. S Maurya

Dr. Arvind Kaushal

Dr. Stefania Grando

Dr. Mahtab S Bamiji

Dr. B Venkateshwarlu
Dr. RS Paroda
Sh. Amitabh Tiwary

Sh. KM Brahme

Dr. S Bala Ravi
Sh. K Chandramauli
Dr. Ryoichi Matsunaga

Dr. GV Subbarao

Sh. Kanna Laxminarayana

Dr. P Ananda Kumar

Dr. MV Rao

Affiliation

Hon’ble Union Minister of Agriculture
and Food Processing Industries,
Govt. of India, New Delhi

Secretary — DARE and Director
General, ICAR, New Delhi

DDG (CS), ICAR, New Delhi

ADG (FFC), ICAR, New Delhi
Vice-Chancellor, ANGRAU, Hyderabad
ADG (IPR), ICAR, New Delhi

Additional Secretary, DARE and
Secretary, ICAR, New Delhi

Research Program Director, ICRISAT,
Patancheru

INSA Hon. Scientist, Dangoria
Charitable Trust

Director, CRIDA, Hyderabad
Former Director General, ICAR

R&D Head, Parle Products Pvt. Ltd.,
Mumbai

Director (Extension), DAC, Ministry of
Agriculture, New Delhi

Former ADG (IPR), ICAR, New Delhi
Director, APARD, Hyderabad

Director, Crop, Livestock and
Environment Division, JIRCAS , Japan

Senior Researcher and Group Lead
BNI Crop, Livestock and Environment
Division, JIRCAS, Japan

Hon’ble Minister of Agriculture,
Govt. of Andhra Pradesh, Hyderabad

Director, Institute of Biotechnology,
ANGRAU, Hyderabad

Hon’ble Member, Legislative Council of

Date
20 Apr., 2013
20 Apr., 2013 & 9 Dec., 2013
20 Apr., 2013, 17 June, 2013
& 18 Dec., 2013
6 Apr., 2013 & 21 Nov., 2013
20 Apr., 2013

15 May, 2013
29 June, 2013

18 July, 2013

3 Aug., 2013

23 Aug., 2013
24 Aug., 2013
4 Sept., 2013

23 Sept., 2013

28 Sept., 2013
28 Oct., 2013
29 Nov., 2013

29 Nov., 2013

20 Dec., 2013

6 Jan., 2014

28 Jan., 2014

Andhra Pradesh and Former Special DG
of ICAR, Hyderabad

Dr. Sangita Kasture Principal Scientific Officer, DBT, New Delhi 3 Mar., 2014

During the reporting period, 174 visitors including 445 farmers from Andhra Pradesh, Karnataka, Maharashtra,
Tamil Nadu and Jharkhand, 189 students from Andhra Pradesh, Karnataka, Maharashtra and Tamil Nadu, and 35
trainees from Andhra Pradesh visited DSR. All the visitors were briefed about the current research activities at DSR,
cultivation practices and technologies developed and the importance of sorghum as health and nutritious food.
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@ Personnel

Scientific Director & Project Coordinator: Dr. JV Patil
Name Designation Discipline
Main Centre (DSR, Hyderabad)
Dr. SS Rao Principal Scientist Plant Physiology

Dr. CV Ratnavathi

Dr. Vilas A Tonapi

Dr. KBRS Visarada
Dr. VR Bhagwat

Dr. B Dayakar Rao
Dr. G Shyam Prasad
Dr. JS Mishra

Dr. Sujay Rakshit

Dr. HS Talwar

Dr. B Venkatesh Bhat
Dr. Aruna C Reddy
Dr. R Madhusudhana
Dr. AV Umakanth

Dr. IK Das

Dr. M Elangovan

Dr. PG Padmaja

Dr. P Rajendrakumar
Dr. K Hariprasanna
Dr. A Kalaisekar

Dr. Rajendra R Chapke
Dr. B Subba Rayudu
Dr. P Sanjana Reddy
Dr. D Balakrishna

Dr. K Srinivasa Babu
Sh. P Mukesh

Dr. Sunil S Gomashe
Dr. KN Ganapathy

Sub-centre (CRS, Solapur)

Dr. Prabhakar

Dr. TG Nageshwara Rao
Dr. MY Samdur

Dr. Ch Sashidhar Reddy
Dr. S Ravi Kumar

Dr. N Kanna Babu

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

Scientist

Principal Scientist
Principal Scientist
Principal Scientist
Principal Scientist
Senior Scientist
Senior Scientist
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Biochemistry

Seed Technology
Genetics & Cytogenetics
Agrl. Entomology

Agrl. Economics

Agrl. Entomology
Agronomy

Plant Breeding

Plant Physiology
Genetics & Cytogenetics
Plant Breeding

Plant Breeding

Plant Breeding

Plant Pathology
Economic Botany
Agrl. Entomology
Biotechnology

Plant Breeding

Agrl. Entomology

Agrl. Extension

Agrl. Entomology
Plant Breeding
Biotechnology

Agrl. Entomology
Computer Applications
Plant Breeding

Plant Breeding

Genetics & Cytogenetics
Plant Pathology

Plant Breeding

Agrl. Extension
Agronomy

Seed Technology



Name
Smt. AD Vishala
Sh. D Gopalakrishna
Dr. KV Raghavendra Rao
Smt. A Annapurna
Sh. OV Ramana
Sh. Promod Kumar
Sh. HS Gawali
Sh. AR Limbore
Sh. DM Bahadure

Name
Sh. Saroj Kumar Singh
Sh. A Narasimha Murty
Sh. A Venkateshwar Rao
Sh. B Jaya Prakash
Sh. D Rama Raju
Sh. K Sanath Kumar

Name
Sh. Pramod Kumar
Dr. D Balakrishna
Sh. D Rama Raju
Dr. Mahesh Kumar
Sh. G Vincent Reddy
Sh. AR Limbore
Sh. DM Bahadure
Sh. RS Meena
Sh. S Narender
Sh. RM Patil
Dr. M Elangovan
Dr. PG Padmaja

Senior Technical Staff

Senior Administrative Staff
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Grade
ACTO
ACTO
ACTO
ACTO
ACTO
ACTO
STO
STO
STO

Designation

Administrative Officer

Finance & Accounts Officer

Asst. Administrative Officer

Asst. Administrative Officer

Asst. Administrative Officer

Private Secretary

Personnel Promoted
From

Senior Tech. Officer
Scientist (Sr. Scale)
Assistant
Sr. Tech. Assistant (Hindi Translator)
Technical Officer
Technical officer
Technical officer
Technician
Tech. Asst (Electrician)
Sr. Technician (Tractor Driver)
Senior Scientist
Senior Scientist
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To
Asst. Chief Tech. Officer
Senior Scientist
Asst. Admn. Officer
Tech. Officer (Hindi Translator)
Senior Tech. Officer
Senior Tech. Officer
Senior Tech. Officer
Senior Technician
Sr. Tech Assistant (Electrician)
Tech. Assistant (Tractor Driver)
Principal Scientist
Principal Scientist



Personnel

Personnel Joined DSR

Name Designation Joined on
Sh. ZH Khilji SFAO 7 May, 2013
Dr. Vilas A Tonapi Principal Scientist 6 July, 2013
Sh. A Narasimha Murty FAO 6 March, 2014

Personnel Superannuated
Name Designation
Dr. SV Rao
Sh. A Pentaiah

Sh. P Sriramulu

Retired on
30 Apr., 2013
30 June, 2013
30 June, 2013

Principal Scientist
Technical Officer
Technical Assistant

Smt. A Pentamma

Skilled Supporting Staff

30 Sept., 2013

Sh. P Kistaiah Technical Assistant (Driver) 31 Oct., 2013
Smt. D Chennamma Skilled Supporting Staff 31 Dec., 2013
Sh. G Vincent Reddy Senior Technical Officer 31 Jan., 2014
Sh. G Ramulu Technical Officer 31 Jan., 2014
Mrs. Bharatamma Skilled Supporting Staff 31 Jan., 2014
Sh. D Rama Raju Assistant Administrative Officer 31 Mar., 2014
Sh. TJ Balakrishnan Technical Officer 31 Mar., 2014

Personnel Transferred

Name Designation Transferred to Transferred as Relieved on

Smt. G Vanisree Scientist Central Potato Research Scientist 6 Apr., 2013
Institute, Shimla

Dr. Chari Appaji Principal Scientist Zonal Project Directorate Principal Scientist 7 Sept., 2013
CRIDA campus, Hyderabad

Sh. ZH Khilji SFAO CRIDA, Hyderabad SFAO 15 Feb., 2014
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@ Major Events 2013-14

Events at DSR

Union Minister of Agriculture and Food
Processing Industries visits DSR

Hon’ble Union Minister of Agriculture and Food
Processing Industries, Sh. Sharad Pawar
inaugurated the Sorghum Genebank equipped with
four medium term storage (MTS) modules with a
capacity to conserve 40,000 germplasm accessions.
He also inaugurated Conference Halls at the
Directorate of Sorghum Research, in the presence of
Dr. S Ayyappan, Secretary, DARE & Director General,
ICAR and Dr. SK Datta, Deputy Director General (Crop
Sciences), ICAR on 20 April, 2013.

After the inauguration, Sh. Pawar addressed the
sorghum researchers, who were participating in the
43rd AGM and appreciated the efforts made for the
development of new hybrids and varieties suitable for
various agro-climatic zones. He said good yield levels
were being maintained despite reduction in sorghum
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area. He further stressed that there is a need to
integrate the major millet crops viz., sorghum, pearl
millet and small millets as one national institute in the
name of “Indian Institute of Millets Research” to have
a research and development support with a broad
focus on developing technologies to solve
production and processing constraints of millet
farmers. Dr. JV Patil, Director of DSR appraised the
minister and the other dignitaries on the research
achievements and ongoing activities at DSR. Dr.
Ayyappan praised the efforts made by scientists for
promoting sorghum as a multi-utility crop. He
particularly appreciated the efforts made to
popularise the sorghum as a nutritious food.

Sh. Sharad Pawar addressing the sorghum researchers

Sh. Pawar also visited the Laboratories, Centre of
Excellence - a state-of-the-art Food Processing
Technology Park, and an exhibition of sorghum
products organized by public and private sector
research and food industries in the premises of DSR.
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\ Sh. Sharad Pawar visited Entomology Laboratory
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Processed sorghil-l-n hfoducts showcased to Sh. Sharad Pawy

DDG (CS) inaugurates “Water grid with lift
irrigation system”

Dr. SK Datta, Deputy Director General (Crop
Sciences), ICAR inaugurated the newly installed
pipeline grid with lift irrigation facility at DSR research
farms in the presence of Dr. JV Patil, Director, DSR on
17 June, 2013. This 3 km long irrigation grid inter-
connects open wells of all four research farms located
in assorted places and helps in maintaining the water
levels and equal distribution of irrigation. During this
programme, Dr. Datta addressed the DSR staff and
appreciated the excellent efforts put by the Director,
DSR in the recent past in creating the basic and
essential infrastructure facilities to the organization.
He also formally launched the modernized dining
facilities at DSR canteen.

W

Dr. SK Datta, DDG (Crop Sciences), ICAR inaugurating the
pipeline grid with lift irrigation

Live telecast of President of India’s address

The 85" Foundation Day of ICAR was celebrated on
16 July, 2013 at New Delhi. The President of India, Sh.
Pranab Mukherjee delivered the ICAR Foundation
Day address. This programme was live telecast by the
Doordarshan channel. To observe this programme
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arrangement was made at DSR in the ‘Jowar
Sabhagarh”. All the staff members enthusiastically
paid attention to the presidential address.

Launch of Bill tracking Information system

DSR has developed a computer programme through
which the administrative heads and the Director can
ascertain the status of the bill submitted by individual
employee and other vendors through bill tracking
information programme. This programme was
developed by Mrs. K Revati, Computer Programmer
under the guidance of Dr. JV Patil, Director and Dr. A
Kalaisekar, Senior Scientist. The input for developing
this programme was taken from the Administrative
Officer, Senior Finance & Accounts Officer, Assistant
Administrative Officer (Stores), and Drawing &
Disbursing Officer. A demonstration was given to the
Director and all the administrative staff on 3 August,
2013. This programme was launched on 15 August,
2013. Presently, the status of the bill can be monitored
by the above administrative heads and the Director.
Shortly, the same will be expanded and made
available to all the staff similar to that of Leave
Management System which has completed eleven
years of successful run.

Global Millet Meet 2013

An International Conference entitled “Global
Consultation on Millets Promotion for Health and
Nutritional Security” was organized by DSR,
Hyderabad during 18-20 Dec., 2013 to
commemorate Golden Jubilee year of Sorghum
Research. The event, also known as Global Millet
Meet 2013, was organized under the auspices of the
Society for Millets Research through support from
ICAR, ICRISAT, Govt. of Andhra Pradesh and Industry
partners like Bayer, Mahyco, Syngenta and many
others. Sh. Kanna Lakshminarayana, Minister for



Agriculture, Govt. of Andhra Pradesh delivered the
inaugural address. Dr. SK Datta, DDG (CS), ICAR,
New Delhi presided over the function. The other
Guests of Honours and Dignitaries who graced the
occasion include Dr. CLL Gowda, DDG, ICRISAT,
Patancheru; Dr. RB Deshmukh, Former Vice-
Chancellor, MPKV, Rahuri; Dr. SA Patil, Former
Director, 1ARI, & Former Vice-Chancellor, UAS,
Dharwad; Dr. SS Kadam, Former Vice-Chancellor,
MAU, Parbhani; Dr. YS Nerkar, Former Vice-
Chancellor, MPKYV, Rahuri; Dr. JS Sandhu, Agricultural
Commissioner, DAC, Government of India, New
Delhi; Dr. A Seetharam, Former Project Coordinator,

.-: F' :"-."3_ a5
Dr. SK Datta, DDG (Crop Sciences), ICAR addressing
the delegates during the Global Millet Meet

About 450 national and international delegates
comprising of scientists, administrators, policy
makers, students, and the representatives of seed,
agro-processing and food industry participated in this
international conference. A total of 95 poster and 35
oral presentations were made by the eminent
researchers, policy makers and industry partners.
Eminent scientists such as Drs. Sajid Alviand PV Vara
Prasad, KSU, USA; Dr. Stafania Grando, ICRISAT; Dr.
GV Subba Rao, JIRCAS, Japan; Dr. Willis Oswino,
Onyango, Kenya; Dr. KC Bansal, Director, NBPGR,
New Delhi; Dr. K Madhavan Nair, NIN, Hyderabad and
others participated in this global meet. The delegates
discussed most pertinent issues to chalk out a road-
map to make millets cultivation highly sustainable
and profitable. On this occasion, publications were
brought out on millets, and also the meet
encompassed lead presentations from the national
and international experts, including panel
discussions on policy. Prizes were awarded to the
winners of the poster presentations.
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Millets Exhibition

An exhibition on millets, facilitating to display various
agriculture-based food processing, farm implements
and other technologies developed by public sector,
private sector and NGOs was organized by DSR
during 18-20 Dec., 2013 on the occasion of Global
Millet Meet. Dr. SK Datta, DDG (CS), ICAR, New Delhi
inaugurated this exhibition in the presence of Dr. JV
Patil, Director, DSR. More than 500 visitors visited
these stalls. DSR also set up a stall and the
importance of sorghum as health and nutritious food
was explained to the visitors and the relevant
literature was distributed. The visitors showed keen
interest in millet food products and the scope for
entrepreneurship development.

during the Millets exhibition

Memorandum of Agreements
DSR licenses forage hybrid to Doctor Seeds

A Memorandum of Agreement (MoA) was signed
between DSR and Doctor Seeds Pvt. Ltd., Lalbagh,
Ludhiana for commercialization of the new forage
sorghum hybrid CSH 24MF. Dr. JV Patil, Director,
DSR and Dr. Rajender Singh Punia, Managing
Director, Doctor Seeds Pvt. Ltd. signed the
agreement on 2 April, 2013 in the presence of Drs. M
Elangovan and AV Umakanth. The company will
promote the hybrid in the country with DSR and ICAR
logo as per the ICAR's IPR Guidelines. DSR will
provide the seed material and scientific as well as
intellectual inputs during the agreement period of
three years.

MoU with M/s Madhava Kalyan Food Products

A MoU was signed between DSR and M/s Madhava
Kalyan Food Products, Kovvur, West Godavari district
of Andhra Pradesh on 17 Sept., 2013. This MoU is
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Signing of MoA between DSR, Hyderabad and Doctor
Seeds Pvt. Ltd., Lalbagh, Ludhiana

aimed to distribute the ‘Eatrite’ products produced
by the DSR and market them in retail outlets in
identified locations in East and West Godavari
districts of Andhra Pradesh. Drs. JV Patil, Director
and B Dayakar Rao, PI of the initiative represented
DSR to undertake joint MoU with the above firm. The
signatories were Dr. JV Patil from DSR while M/s
Madhava Kalyan Foods was represented by Mr.
Suresh, Managing Director.

Monitoring of Sorghum DUS testing/BSP
Kharif2013
Monitoring of DUS testing trials

The monitoring of sorghum DUS testing trials
conducted at DSR was held on 1 Oct., 2013 under
the Chairmanship of Dr. RC Sharma, Former Dean,
College of Horticulture, University of Horticulture &
Forestry, Nauni, Solan as per the guidelines of
PPV&FR Authority. Drs. Vilas A Tonapi and M
Elangovan from DSR, and representatives from the
Private seed companies viz., M/s Nuziveedu Seeds
and M/s Kaveri Seeds, whose candidate varieties
were tested for DUS, also attended the monitoring.
Dr. Hariprasanna K, Nodal Officer, DSR explained the
DUS testing for different candidate varieties taken up
along with the claimed distinct characteristics for
each candidate variety and the expression of the
same at DSR. Dr. Aruna C, Co-Nodal Officer also
facilitated the monitoring. There were 16 candidate
and 17 reference varieties under first year testing,
and seven candidate and nine reference varieties
under second year testing.

Monitoring team reviews BSP

The National Seed Project’s monitoring team for
southern zone consisting of NSP Special Officers
(Seeds) from different universities visited DSR on 24
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Monitring of DUS testing trials held on 1 October, 2013

Oct., 2013. The team members were Dr. M
Bhaskaran (TNAU, Coimbatore), Dr. VS Devadas
(KAU, Thrissur), Dr. Narayanaswamy (UAS,
Bangalore), Dr. Madan Kumar (DSR, Mau), Dr.
Vishnuvardhan Reddy (ANGRAU, Hyderabad) and
Dr. Sudhakar (ANGRAU, Hyderabad). The team
reviewed the seed production activities and progress
made at DSR under Breeder Seed Production. Dr.
Vilas A Tonapi (Nodal Officer) and Dr. AV Umakanth
(Co-Nodal officer) explained the progress in the
presence of Dr. JV Patil, Director, DSR.

Rabi2013-14
Monitoring of DUS testing trials

The sorghum DUS testing trials conducted at DSR
were monitored on 7 Feb., 2014 under the
Chairmanship of Dr. JV Patil, Director, DSR,
Hyderabad as per the guidelines of PPV&FR
Authority. Dr. Hariprasanna K, Nodal Officer, DSR
explained the DUS testing for different candidate
varieties in relation to reference varieties. Dr. Aruna C,
Co-Nodal Officer also facilitated the monitoring.
Under first year testing, four candidate varieties were

g trialheld on 7 February, 2014,

Monitoring of DUS testin
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tested along with six reference varieties, and under
second year testing, five candidate varieties were
tested along with six reference varieties.

Celebration of Important Days
Independence Day

The Nation’s Independence Day was celebrated with
great enthusiasm and gaiety on 15 Aug., 2013 at DSR.
Dr. SS Rao. Director in-charge hoisted the national
flag and addressed the staff. Dr. Rao stressed on the
need to dedicate ourselves with commitment to meet
the challenges of food security in India. The children
of DSR staff also actively participated in the
celebrations and sung patriotic songs.

Parthenium Eradication Day

‘The Parthenium Eradication Day’ was observed at
DSR on 20 Aug., 2013. All the staff members of the
institute comprising scientists, technical,
administrative, supporting and project staff uprooted
Parthenium at terraces fields of DSR. Dr. JV Patil,
Director DSR requested the staff members to create
awareness among people in their neighbourhood
aboutthe need to eradicate this obnoxious weed.

Vigilance week

DSR observed ‘Vigilance Awareness Week’ from 28
Oct. to 2 Nov., 2013. "Promoting Good Governance -
Positive Contribution of Vigilance" was the theme of
observing Vigilance Awareness Week. This
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programme commenced with an oath taking
ceremony on 28 Oct.,2013 at 11:00 AM. All the staff
took a pledge in the national and regional languages
to eradicate corruption in all spheres of life and also to
perform duties without any favour and fear. An essay
competition on the theme “Promoting Good
Governance - Positive Contribution of Vigilance” was
also held on 30 Oct., 2013.

Republic Day

The Nations 65" Republic Day was celebrated at DSR
with great enthusiasm and gaiety on 26 Jan., 2014.Dr.
JV Patil, Director hoisted the National flag and
addressed the staff as well as the participants of the
winter school training programme. He briefed the
institute’s accomplishments of the past year and the
need to rededicate ourselves with a commitment to
meet the challenges ahead in the light of ecological
changes. Dr. Patil also distributed prizes to all the
winners of various sports events, conducted among
the DSR staff to mark the occasion. Research
Students of DSR also performed various cultural
activities.



Infrastructure Development

Irrigation Grid

Pipeline grid with lift irrigation facility was newly
installed at DSR research farms. This 3 km long
irrigation grid inter-connects open wells of all four
research farms (New Area, GTC, Terraces and
Arboratum) located at different places and helps in
maintaining the water levels and equal distribution of
irrigation.

Renovation of Guest House and Canteen Facilities

The Guest House at the DSR campus has five double-
bed rooms and an attached Canteen facility for dining.
The rooms and dining hall were renovated inorder to
have more space in the rooms as well as sufficient
space for comfortable dining of 25-30 persons.

Sabhagar - Modifications

The Sabhaghar at the centre of the main building was
modified and three rooms, Library and toilet facilities
were created.

Farm Implement Shed

A shed for keeping and proper maintenance of farm
implements such as ploughs, disc harrows,
intercultivators, ridge and furrow formers, tractors, etc.
was constructed.

Canteen
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Implementation of Official Language at DSR

Hindi Chetana Maas Celebration: Hindi Chetana
Maas was celebrated during the month of September,
2013 at DSR, Hyderabad. The programme was
inaugurated by Dr. JV Patil, Director, DSR on 2 Sept.,
2013. Various competitions in Hindi viz., Hindi
translation of small words and phrases, quiz, spot
essay writing, noting & drafting, dictation, reading of
Hindi text, essay writing, poem recitation, etc. were
held. Scientists, Technical and Administrative
personnel, research scholars and students
participated in the above competitions with great
enthusiasm. Besides this, there was a signature
campaign in Hindi during the month, in which all the
officers and employees signed their official
documents in Hindi.

Valedictory function of the programme was organized
on 30 Sept., 2013. At the outset Dr. JS Mishra,
Principal Scientist and I/c Hindi Cell welcomed the
delegates and participants. Dr. SS Rao, I/c Director,
DSR welcomed the Chief Guest of the function Dr. SL
Goswami, Director, NAARM, Hyderabad. Shri Zakir
Hussain Khilaji, Sr. Finance & Accounts Officer
presented the appeal issued by Dr. S Ayyappan,
Director General, ICAR. Dr. Mishra presented the
report on official language implementation at DSR
during last year and Dr. Mahesh Kumar, Technical
Officer (Hindi) presented the report through power
point presentation on various programmes organized
during Hindi Chetana Maas.

-
Dr. SL Goswami, Director, NAARM, Hyderabad addressing
the DSR staff during the valedictory function

Dr. Goswami presented the awards and certificates to
the winners of various competitions organized during
Hindi Chetana Maas and Dr. SS Rao presented the
consolation prizes and certificates to the other
participants of the competitions. In addition, Smt.
VSG Parvati, Assistant was awarded Cash prize and
Certificate for use of maximum Hindi words in her
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routine official works. Dr. Goswami said that we
should use Hindi continuously in our routine official
works, not only during the Hindi celebration. In his
presidential remark Dr. SS Rao stated that at DSR
Official Language Implementation is going in a right
way. The programme was concluded by the vote of
thanks by Sh. Saroj Kumar Singh, Administrative
Officer. The above programme was coordinated by
Dr. JS Mishra and Dr. Mahesh Kumar.

DSR publication Jowar Sourabh bags First Prize of
TOLIC-Twin cities: DSR’s annual in-house magazine
Jowar Sourabh” (Vol. 3) bagged the first prize under
“Best Hindi Annual Journal 2012-13” category from
the Town Official Language Implementation
Committee (TOLIC) of Hyderabad constituted by the
Department of Official Language, Ministry of Home
Affairs, Govt. of India. Dr. JS Mishra and Dr. Mahesh
Kumar, DSR received the Memento and Certificate
from Dr. B Venkateswarlu, Director, CRIDA,
Hyderabad during 49th TOLIC meeting held at
Central Research Institute of Unani Medicine
(CRIUM), Hyderabad on 23 Oct., 2013.

ICAR’s Award to Jowar Sourabh: ICAR announced
a consolation prize under “Ganesh Shankar Vidyarthi
Hindi Krishi Patrika Puraskar” for the Jowar Sourabh”
the Hindi journal published by the DSR for the year
2013.

Hindi Workshop: DSR organized a five days
Intensive Hindi workshop in collaboration with Central
Hindi Training Sub-Institute (CHTSI), Department of
Official Language, Ministry of Home Affairs,
Hyderabad during 6-13 Sept., 2013. Sh. Jaishankar
Prasad Tiwari and Dr. Naresh Bala, Asst. Directors,
CHTSI delivered the lectures on the different aspects
of Official Language Implementation during the
workshop. A total 22 staff of DSR participated in the
above programme. Dr. JV Patil, Director, DSR
distributed the certificates to the participants. Another
Hindi Workshop was also organized on 29 March,
2014 for Technical Staff of DSR. Sh. Jaishankar
Prasad Tiwari delivered a lecture on Rules and
Regulations regarding Official Language
Implementation. Both the workshops were
coordinated by Dr. JS Mishra, I/c Hindi Cell and Dr.
Mahesh Kumar, Technical Officer (Hindi).

Inspection of Official Language Implmentation
activities done at DSR, Hyderabad: ICAR deputed
Sh. Pradeep Singh, Assistant Director (OL),
Directorate of Oilseed Research, Hyderabad on 11
Nov., 2013 to inspect the Official Language
Implementation activities at DSR. The Inspection
officer was happy with the Official Language
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Implementation activities in this Directorate. The
inspection was coordinated by Dr. JS Mishra, I/c Hindi
Celland Dr. Mahesh Kumar, Technical Officer (Hindi).

Officers deputed for Hindi Training: Three officers —
Dr. P Rajendrakumar, Senior Scientist; Dr. A Kalaisekar,
Senior Scientist and Dr. KN Ganapathi, Scientist of DSR
were deputed for Hindi training (Prabodh, Praveen &
Pragya) organized by Central Hindi Training Sub-
Institute, Dept. of Official Language, Ministry of Home
Affairs, Govt. of India during 6 Jan. to 2 April, 2014 at the
Directorate of Oilseed Research, Hyderabad.

Implementation of Cash Award Scheme: To
encourage the Official Language Implementation at
DSR, Hyderabad a Cash Award Scheme is being
implemented inthe Directorate.

Publication in ICAR Research Magazine: The Article
entitled Jowar ke agrapankati pradarshano ka prabhav"
authored by Drs. RR Chapke, JV Patil and Mahesh
Kumar, DSR was published in ICAR Research
Magazine Krishika (Year 2, Vol. 1, pages 45-49).

Highlights of Official Language Implementation

e “Hindi Milap”, “Swatantra Vaartha”, “Rajbhasha
Bharati”, “Rajbhasha Alok”, etc. published the news
regarding different activities related to Official
Language, Hindi conducted at DSR, Hyderabad.

* Meetings of the OLIC were held during every
quarter, viz., on 22 June, 2013; 26 Aug., 2013; 2
Jan., 2014 and 21 March, 2014. The committee
reviewed the progress made in Official Language
Implementation at DSR and discussed the ways to
improve it.
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Quarterly progress report of DSR regarding
progressive use of Official Language, Hindi was
regularly sent to the Regional Implementation
Office (South), Dept. of Official Language,
Bangalore, and TOLIC, Hyderabad-
Secunderabad.

Hindi edition of the DSR Annual Report 2012-2013
was published.

Summarized translations of monthly DSR
Happenings and Sorghum Times in Hindi were
published.

On the occasion of Hindi Divas, under the
promotional activities of the DSR an advertisement
in Hindi was published in daily Hindi news paper
“Hindi Milap” on 14 Sept., 2013.

Official forms used for various purposes in the DSR
were prepared in bilingual (Hindi and English) and
uploaded on DSR Server.

A roster was prepared regarding Hindi knowledge
to DSR officers and employees and it was updated
regularly.

Daily one Hindi word, its pronunciation in English
and its equivalent English word was written on
Hindi learning Board at DSR premises and
compiled.



